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Dear readers,

This last 2008 issue of SYNFORM
comes in a period of deep global
financial depression. It is not clear y et
how and how much the crisis will

affect scientific research, but in the
long run one could expect hard times
in terms of further tightening of resources and funding,
particularly in those countries (such as my own) where
science is considered all but a priority. Fortunately the crisis
does not involve the creativity of scientists, particularly of
those who are protagonists of the SYNSTORIES featured

in this issue of SYNFORM. Indeed, great creativity is one

of the many merits of Professor C. Bertozzi (USA) who
recently discovered how to harness the potential of click
chemistry in in vivo systems. And creativity is one of the
main components in the total synthesis of the antibiotic
platencin, developed by the group of Dr. D. Chen and Pro-
fessor K. C. Nicolaou (Singapore/USA). When it comes to
design a novel stereocontrolled synthetic approach to allenes,
creativity becomes a key element of success, as demonstrated
by the work of Professor J. M. Ready (USA). Last but not
least, how much creativity is needed to miniaturize a wind-
mill to a nanomill, as exemplified in a communication
presented at the ACS Philadelphia meeting by Professor

B. L. Feringa and coworkers (The Netherlands)? A lot,

I guess...

Enjoy your reading!!!

Editor of SYNFORM
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NEWS AND VIEWS

Second-Generation Difluorinated Cyclooctynes
for Copper-Free Click Chemistry

J Am. Chem. Soc. 2008, /30, 1148611493

Site-selective labeling of biomolecules in vitro and in vi vo
represents an important tool for the study of their function and
cellular fate. Among the synthetic strate gies that can be used
to achieve this goal, click chemistry {a Cu(I)-catalyzed [3+2]
cycloaddition of terminal alkynes with azides} is par ticularly
attractive because of its mildness, selectivity and the biostabi-
lity/inertness of the resulting 1,2,3-triazole. The use of copper,
however, is incompatib le with li ving systems o wing to the
toxicity of the metal. Recently the group of Professor Carolyn
R. Bertozzi from the University of California, Berkeley (USA),
introduced a difluorinated cyclooctyne reagent having enhanced
reactivity toward azides. This first generation reagent, dubbed
DIFO, was demonstrated to under go reaction with azides on
intact proteins even in the absence of Cu(l), at a comparab le
rate to that of Cu(I)-catalyzed click chemistry. The main draw-
back of DIFO w as represented b y its dif ficult preparation,
comprising 12 overall steps and an overall yield of about 1%.
Recently, Professor Ber tozzi and co workers repor ted the
second-generation DIFO reagents, featuring a g reatly simpli-
fied synthesis and holding a strong potential to become v ery
important tools for the site-selective labeling of biomolecules.

COLH
COLH

Second generation

First generation cyclooctyne reagents

cyclooctyne reagent DIFO COH (much easier and more
(difficult and low yielding efficient preparation)
preparation)

“The reagents were designed for facile reaction with azides
via 1,3-dipolar ¢ ycloaddition,” explained Professor Ber tozzi.
“The reaction requires no ¢ xogenous reagents, such as the
copper catalyst required for reaction of unacti vated terminal
alkynes with azides, and is thus compatib le with live biologi-
cal systems. The work follows up on a previous study in which

we used a related difluorinated ¢ yclooctyne conjug ated to
fluorescent probes for in vivo imaging of glycans metabolical-
ly labeled with azidosug ars. Ho wever, that pre vious com-
pound was a troub lesome synthetic tar get, w hich we feared
would limit its use by biolo gists.” According to Professor
Bertozzi the ne w reagents presented in this paper solv e that
synthetic obstacle. “They are easy to prepare in about six steps
with minimal chromato graphy,” she said. “The reagents will
soon be commercialized , w hich will mak e them that much
more accessible to biologists.”

A notable feature of this paper is that the frst author, Julian
Codelli, was an undergraduate student in Professor Bertozzi’s
lab. “He was recruited by graduate student Jeremy Baskin, the

Ventral view of a zebrafish embryo in which the glycans are labeled
with difluorinated cyclooctyne reagents
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second author, who conceived the synthetic route, and assisted
by Nick Agard, a former graduate student, who was one of the
originators of the ¢ yclooctyne project,” Professo r Ber tozzi
said. “Nick is now a postdoctoral fellow at UCSF in the lab of
Professor Jim Wells and Julian is now a first-year PhD student
at Caltech. Jeremy is completing his PhD work this year, con-
tinuing to use difluorinated cyclooctynes for imaging glycans
in developing zebrafish embryos. Together, Julian, Jeremy and
Nick were a ‘dream team’ of synthetic chemists and chemical
biologists,” she concluded.

According to Dario Neri, Professor of Biomacromolecules
from the Institute of Phar maceutical Sciences of the ETH
Ziirich (Switzerland) and an e xpert in the f ield of site-selec-
tive labeling of biomolecules, “the [3+2] cycloaddition of azides
and alkynes, which is often perfor med with copper catal ysis
(click chemistry), has proven to be an efficient method for the
covalent coupling of a v ariety of different chemical moieties
under mild and selective conditions, thus finding applications
in se veral areas, including dr ug de velopment and chemical
modification of biolo gically acti ve (macro)molecules.
However,” continued Professor Neri, “the use of copper cata -
lysts is generall y incompatib le with li ving systems. In this
new article, the g roup of Carol yn Bertozzi describes a no vel
difluorinated cyclooctyne reagent that rapidly reacts with azides
without the need for copper. The new reagents promise to find
a broad range of applications for the selective chemical modi-
fication of cer tain (macro)molecules in cells and , possib ly,
more complex living organisms. One such application may be

A119

represented by the tw o-step modif ication of cer tain oligo-

saccharidic structures. These moieties,” concluded Professor

Neri, “could be modif ied in a f irst step with reagents w hich
introduce an azide functionality , to be follo wed by a ¢ yclo-
addition reaction which mediates the coupling to difluorinated
cyclooctyne derivatives of fluorophores, biotin or other mole-
cules useful in the context of bioorganic chemical research.”

Matteo Zanda

Prof. C. R. Bertozzi
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An Expedient Asymmetric Synthesis of Platencin

J Am. Chem. Soc. 2008, /30, 1129211293

In recent y ears, the rampant emer gence of dr ug-resistant
pathogens has escalated the search of novel antibiotics to new
heights, and the discovery of platensimycin and platencin by the
Merck team in 2006 generated much e xcitement within the
scientific community. In a combination between classical high-
throughput screening and the application of RN A-silencing
technology, these compounds w ere identif ied as potent and
selective inhibitors of the condensing enzymes involved in the
bacterial fatty-acid biosynthesis (F ab) pathway. As these tar -
geted enzymes are highly conserved among the clinically im-
portant patho gens, the broad-spectr um activities of platensi-
mycin and platencin are particularly noteworthy. Besides their
promising therapeutic potentials, according to Dt David Y.-K.
Chen from the Chemical Synthesis Laborator y, Institute of
Chemical and Engineering Sciences (ICES) of Sing apore the
novel molecular architectures endo wed by platensimycin and
platencin also served as testaments of moder n synthetic stra-
tegies and technologies, evident from the plethora of publica-
tions since their structures were first disclosed. “As a continu-
ation of our platensimycin work reported in early 2008,” said
Dr. Chen, “we embarked on the synthetic endea vors towards
platencin, a campaign ultimately proved both fulfilling and re-
warding from scientific and educational perspectives.” Indeed,
Dr. Chen, Professor K. C. Nicolaou, w ho leads the Chem ical
Synthesis Laboratory, and attachment student Qiao-Y an Toh
recently reported an asymmetric total synthesis of platencin.

“While CSL (Chemical Synthesis Laboratory) is comprised
of predominantly postdoctoral researchers,” explained Dr. Chen,
“junior attachment students pro vide a v aluable link with the
academic sector, at the same time gi ving the youngsters their
first experience in the total synthesis of comple x molecules.
As any super visor will kno w, project selection and assign-
ment, and evaluating its likelihood of success are never trivial
tasks, especially when confronted with a fresh ne wcomer to
scientific research.” Ms. Qiao-Yan Toh, who is scheduled to
begin her graduate studies under the guidance of Dr. Matthew
Gaunt at Cambridge Uni versity (UK) in 2009, commenced
her work on the platencin project in January 2008. “Full with
enthusiasm in her f irst total synthesis project, unfor tunately,
the first-generation approach based on an organocatalytic cas-
cade strategy to construct the tricyclic core of platencin imme-
diately met with obstacles,” continued Dr. Chen. “While alter-
native strategies were being explored, it was the elegant work

reported by Liao and coworkers on the intramolecular Diels —
Alder reactions of masked o-benzoquinones (Chem. Commun.
2001, 1340) that inspired us to formulate a strategy that ulti-

mately culminated a formal synthesis of platencin.”

The highly efficient Diels—Alder reaction was first validated
in the racemic system, b ut the asymmetric v ersion necessi-
tated some in vestigation concer ning the preparation of the
chiral benzylic alcohol precursor. “After carefully examining
the repor ted asymmetric processes (CBS reduction, No  yori
reduction and enantioselecti ve o xidation),” said Dr . Chen,
“most recently, we have demonstrated that the CBS reduction
can be performed on >10 gram scale in 96% yield and 99% ee.
While the intramolecular Diels —Alder reaction represented
the highlight of the synthesis, in f act, it w as the subsequent
functionalization of the Diel s—Alder product possessing the
tricyclic carbon frame work which consumed most of our re-

(S)-CBS cat. (20 mol%)
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search efforts. More specifically,” he continued, “carefully or-
chestrating the synthetic sequence in which the enone and exo-
cyclic olefin were installed, and reductive removal of the gem-
dimethoxy functionality were particularly noteworthy. It is also
worth mentioning that the low molecular weight of post-Diels—
Alder intermediates required careful handling in view of their
volatility, especially the final tricyclic enone as we experienced.”
As eluded earlier , w hile decorating the tric yclic Diels —
Alder adduct with the desired functionalities for platencin
necessitated some detailed investigation; at the same time, this
exercise also provided valuable insights concerning the chem-
istry and reacti vity of the tric yclic core. “Fur thermore,” said
Dr. Chen, “the Diels —Alder adduct is rich in functionalities
(contains an olef in, ak etone, a h ydroxyl g roup and gem-
dimethoxy substituents) which offered versatile handles in the
chemical-biology and phar macological investigations of pla-
tencin with the constr uctions of rationall y designed ana-
logues. This work is currently being carried out by Ms. Qiao-
Yan Toh, together with her colleagues Ms. Sanny Ing and Ms.
Hao Li (both y et to commence their g raduate studies). It is

with great anticipation that this work will advance beyond our
academic curiosities,” concluded Dr . Chen, “and ultimatel y
find application as the next generation of antibiotics.”

From left: H. Li, S. Ing, Dr. D. Chen, Q.-Y. Toh
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Direct and Stereospecific Synthesis of Allenes via Reduction
of Propargylic Alcohols with Cp,Zr(H)CI

J Am. Chem. Soc. 2008, /30, 10874—-10875

Allenes are cumulated dienes endo wed with a rigid and
linear doub le bond ar ray, and a v ery interesting and rather
peculiar reactivity. However, the synthesis of allenes, particu-
larly in stereodefined manner, poses some challenges despite
the presence of some v ersatile methodology in the arsenal of
the synthetic chemist. Recentl y, Professor Joseph M. Ready
and postdoctoral fellow Xiaotao Pu, both from the Uni versity
of Texas Southw estern Medical Center in Dallas (USA),
reported a significant advancement in the field.

“We previously found that the hydrozirconation of propar-
gylic alcohols was subject to directing group effects,” explained
Professor Ready ( J._Am. Chem. Soc. 2007, 129, 12088;
Tetrahedron 2008, 64, 6955). “In fact, under optimized con-
ditions, w e obser ved complete re gioselectivity favoring the

formation of the more hindered, internal vinyl metal species.”
Subsequent work by the group of Professor Ready showed that
these organometallic reagents could be trapped by a variety of
useful electrophiles (see Scheme 1, equation 1). “However, we
occasionally observed small amounts of an allene that w ould
have resulted from a net S 2" addition of hydride to the pro-
pargylic alcohol,” continued Professor Ready. “In light of the
current interest in allenes, w e w ere eager to optimize this
transformation, but decided to focus on the preparation of di-
substituted allenes — i.e. allenes deri ved from inter nal, chiral
propargylic alcohols (Scheme 1, equation 2). ” The key issue
here, according to Professor Ready , w as the con version of
central chirality to axial chirality. Several methods exist to re-
duce propargylic alcohols, b ut the h ydride-based approaches
usually result in a loss in optically purity.

OH BulLi;

CpZZr( )CI, ZnCl,
R
\\ H Electrophlle (EI")
H,
EtMgBr or EtZnCl R
)\ H @)
szzr

Scheme 1

)\[ R N H ™

major minor

“Chirality transfer can be compromised in se veral ways in
a h ydrometalation/elimination reaction manifold ,” said
Professor Ready (see Scheme 2). “A competition between cis
and trans addition or syn and anti elimination could result in
erosion of enantioselecti vity. Furthermore, reversible for ma-
tion of bimetallic species or metal-catalyzed racemization could
all be deleterious to the reaction, ” he continued. “Through
some careful experimentation we found that two sets of condi-
tions promoted the reduction of propargylic alcohols to allenes
with nearly complete conversion of optical purity.” Both pro-
cedures involve treating the propargylic alcohol with base and
the Schw artz reagent, Cp ,Zr(H)Cl. “When the alcohol w as
benzylic or all ylic, or if the alk yne was conjugated, EtZnCl
(from Et ,Zn and ZnCl ,) w orked ideall y as a base, ” said
Professor Ready. In other cases, EtMgCl appeared preferable.
Overall, the transformation provided allenes containing esters,
carbamates, alkynes, ethers, and heterocycles.

cis vs. trans R M synvs. anti H,
R \\ addition | el|m|nat|on racem|zat|on H,
B — —
R R H —\/
—H-M u H-M
oM
M
R
M
R' H
H

Scheme 2
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Schwartz/ THF

Cp.Zr(H)Cl with and without ZnCl,

A123

The role of the EtZnCl appears rather complicated , and is
not limited to simply deprotonating the alcohol. “In fict,” con-
firmed Professor Ready , “zinc salts can interact with a
Schwartz reagent in a currently unknown fashion. What we do
know is that zinc salts mark edly increase the solubility of the
Cp,Zr(H)CI. At the same time, we found that excess ZnCl, can
promote the racemization of disubstituted allenes, so the stoi-
chiometry is cr ucial to obtaining highl y enantioenriched
allenes. This observation is intriguing in itself,” he concluded,
“and suggests the possibility of developing a dynamic kinetic
resolution of allenes — a topic of cur rent investigation in the
lab.”

Matteo Zanda

’g’ iy

From left: Prof. J. M. Ready, X. Pu
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From Windmill to Nanomill: Altitudinal Molecular Motors

on Surfaces

Selected Presentation from the 236th American Chemical Society National Meeting, Philadelphia (USA),

August 17—-21, 2008

Biomolecular motors are omnipresent in natural systems
where they are used for different tasks. Much of the mechani-
cal work in biolo gical systems is perf ormed by coherent su-
pramolecular str uctures utilizing the cooperati ve motion of
these motors. The attachment of biological or synthetic rotary
motors to solid substrates is considered to be a ley step toward
the f abrication of nanomechanical de vices that e xploit the
rotational motion generated by the action of these molecules.
Additional progress in the f ield was presented at the Phila-
delphia ACS meeting b y Tatiana Fernandez Landaluce, g ra-
duate student in the group of Professor Petra Rudolf from the
University of Groningen (The Netherlands), in collaboration
with Professor Ben L. Feringa from the same university.

“Our research focuses on synthetic light-dri ven unidirec-
tional molecular rotary motors based on over-crowded alkenes
that under go photoisomerization follo wed by ther mal helix
inversion,” explained Ms. Fernandez Landaluce. “In pursuit of
designing systems that can use the photo-induced rotar y
movement, one half of the motor is attached to the surf ace of
a quartz or silicon substrate.” In such systems different orien-
tations of the rotating part (rotor) relative to the stationary part
(stator) can be envisioned. “Here we showed the first demon-
stration of light-driven rotary motion in an altitudinal system.’
she said. “Assemblies of rotary molecules in which the axis of
rotation is normal to the substrate may prove to be more use-
ful than previously reported azimuthal systems (rotor parallel
to the substrate) to transpor t material placed on top of the
monolayer gi ven the direction of motion at the interf ace
(Angew. Chem. Int. Ed. 2007, 46, 1278).”

A major hurdle to apply such systems to perform complex

tasks is to develop a versatile and stable surface modification
method. To overcome that problem, in the group of Professor
Feringa enantiopure alk yne- and azide-ter minated motors

were synthesized and subsequently grafted to a variety of sur-
faces bearing azide or alk yne moieties, respecti vely, via the

copper-catalyzed 1,3-dipolar cycloaddition. “Crucially a com-
bination of surface analysis techniques demonstrates the suc-
cess of the interfacial reaction as well as the fact that the sur-
face-bound motors preser ve their light-induced rotar y move-
ment. Although we focused on quartz and silicon substrates,”
concluded Ms. Fernandez Landaluce, “this facile procedure is

expected to be suitab le for other materials, including pol y-
mers, gels and various self-assembled systems.”

rotor

stator -/
\

legs

i ™

Surface

Altitudinal motor on a surface

Professor Ben L. Feringa, Jacobus H. van’t Hoff distin-
guished Professor of Molecular Sciences since 2003,
received his Ph.D. degree from the University of Groningen
in 1978 with Professor Hans Wynberg on the topic of
asymmetric phenol oxidation. He was a research scientist
with Royal Dutch Shell, both at the Shell Research Center
in Amsterdam and at the Shell Biosciences Laboratories in
Sittingbourne (UK) from 1978-1984. He joined the Depart-
ment of Chemistry at the University of Groningen in 1984
as a Lecturer and was appointed Full Professor at the same
university in 1988.

Professor Petra Rudolf studied physics at the Universita
La Sapienza in Rome (ltaly) and then had an international
career which took her from the TASC-INFM laboratory

in Trieste, where she switched to Surface Science, to Bell
Labs, NJ (USA), where she pioneered fullerene research,
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and then to the Facultés Universitaires Notre Dame de la
Paix in Namur (Belgium) where she began to work on
molecular motors in 1994. Since 2003 she has the Chair
in Experimental Solid State Physics at the University of
Groningen where she also heads the Surfaces and Thin
Films group of the Zernike Institute for Advanced Materials.

Gregory T. Carroll received his Ph.D. in Chemistry in 2007
from Columbia University (USA) with Professor N. Turro and
subsequently started his post-doctoral research at the De-
partment of Synthetic Organic Chemistry of the University
of Groningen.

A125

Tatiana Fernandez Landaluce received her M.Sc. in
Physical Chemistry in 2005 from the University of the
Basque Country (Spain), and subsequently started her
Ph.D. at the Department of Surfaces and Thin Films at the
University of Groningen.

Gabor London received his M.Sc. in Organic Chemistry
in 2006 from the University of Szeged (Hungary), and sub-
sequently started his Ph.D. at the Department of Synthetic
Organic Chemistry at the University of Groningen.

Michael M. Pollard received his Ph.D. in Organic Chem-
istry in 2003 from the University of Alberta (Canada), after
which he joined the group of Professor Feringa at the Uni-
versity of Groningen. In summer of 2008 he started as an
Assistant Professor at York University (Canada).

5N Omar ,[j\lggh.' e
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From left: T. Ferndandez Landaluce, Prof. P. Rudolf, Prof. B. L. Feringa, Dr. G. T. Carroll, G. London
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