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L. Signor, M.-O. Ebert, C. Bauer, H. Wennemers,
A. Blaser, O. Lohse
Abstracts 167-186

Auditorium B: Chairperson: H. Wennemers

N. Zimmermann, G. Albano, F. Viton/M. Gardiner,
L. Vial, H. Ratni, S. Pache, C. Benhaim, O. Cormin-
boeuf, R. Chuard, B. Becattini, T. Wirth, P. Nury,
P. Nury, C. Boléa, B. Sesto, N. Kiinzle, W.-R. Huck,
A. Gsponer, A. Gisler, C. Beck

Abstracts 187-205

Auditorium C: Chairperson: H. Heimgartner

[. Calderdn, P. Waridel, G. Raoelison, E.F. Queiroz,
A. Marston, C. Ollivier, T. Kovac, C. Helgen,
V. Hebbe, A. Tomassini, G. Trevitt, P. Miiller,
K. Meilert, F. Monnat, E. Couché, R.A. Breiten-
Moser, M. Blagoev, A. Gebert, T. Netscher
Abstracts 206-224

Poster Session

12.00-14.00

Lectures
14.00-16.40

14.00-14.20

14.20-14.40

14.40-15.00

College Propédeutique, Main Hall

Abstracts 167-224

Chairpersons: H. Heimgartmer, J.A. Robinson,
H. Wennemers

Collége Propédeutique, Auditorium A
Abstracts 225-232
Chairperson: G. Tuchscherer

J.-P. Bourgeois, M. Fibbioli, P. Seiler, E. Pretsch,
L. Echegoyen, F. Diederich

Laboratorium fiir Organische Chemie, ETH Ziirich
‘Regioselective Synthesis of rrans-1 Fullerene-Cg,
Bis-Adducts Directed by Crown Ether’

Abstract 225

A. Renard, L. Jiang, J.A. Robinson
Organisch-chemisches Institut, Universitit Ziirich
‘Synthesis of a Library of Cyclic Hairpin Mimetic
Peptides Conjugated to a Phospholipid as Potential
Synthetic Vaccine Candidates Against Plasmodium

falciparum’

Abstract 226

D. Banfi, M. Mutter, L. Patiny

Institute of Organic Chemistry, University of Lau-
sanne

‘Evolutionary Principles for Generating Protein
Mimetics: Directed Assembly of Peptide Loops on
Topological Templates’

Abstract 227

15.00-15.20 A. Biland, M. Nakazono, M. Spichty, B. Giese

15.20-15.40

Department of Chemistry, University of Basel
‘Parameters that Influence the Electron Transfer
in DNA’

Abstract 228

R. Bertolini, R. Tona, J. Hunziker

Department of Chemistry and Biochemistry, Uni-
versity of Bern

‘Sugar-Modified Oligodeoxynucleotides: Synthesis
and Pairing Properties’

Abstract 229

15.40-16.00

16.00-16.20

16.20-16.40

Lectures
14.00-16.20

14.00-14.20

14.20-14.40

14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

CHIMIA 2000, 54, No. 7/8

N-Q. Nguyen-Trung, P. Strazewski

Institute of Organic Chemistry, University of Basel
‘Puromycin Analogs: Synthesis, Bioactivity and
Conformation’

Abstract 230

D. Ackermann, S. Pitsch

Laboratorium fiir Organische Chemie, ETH Ziirich
‘Synthesis and Pairing Properties of p-RNA Analogues’
Abstract 231

N. Bensel, J.-L. Reymond

Department of Chemistry and Biochemistry, Uni-
versity of Bern

‘New Efficient Catalytic Antibodies for the Hydro-
lysis of Pivalate Prodrugs’

Abstract 232

Collége Propédeutique, Auditorium B
Abstracts 233-239
Chairperson: J. Lacour

C. Adlhart, C. Hinderling, P. Chen

Laboratorium fiir Organische Chemie, ETH Ziirich
‘Mechanistic Studies of Olefin Metathesis by Ru-
thenium Carbene Complexes using ESI-MS’
Abstract 233

M. von Arx, T. Mallat, A. Baiker

Laboratorium fiir Technische Chemie, ETH Ziirich
‘Heterogeneous Enantioselective Hydrogenation of
Trifluoromethyl Ketones’

Abstract 234

P. Barthazy, A. Togni, A. Mezzetti

Laboratorium fiir Anorganische Chemie, ETH Ziirich
‘Ruthenium(Il)-Mediated C-F Bond Formation.
Catalytic Nucleophilic Fluorination of Activated
Aliphatic Bromides’

Abstract 235

R. Cannas, K.P. Kaliappan, E. Peter Kiindig, A.R.
Pape, S. Tchertchian

Département de Chimie Organique, Université de
Geneve

‘Enantioselective and Diastereoselective Dearoma-
tisation of Arene Chromium Tricarbonyl Comple-
xes and Synthetic Applications’

Abstract 236

B. Acar, T. Damiano, F. Glarner, V.M.F. Cardona,
U. Burger

Département de Chimie Organique, Université de
Geneve

‘The Photochemical Contraction of Pyridinium Salts.
A New Approach towards Aminocyclopentitols’
Abstract 237

L. Andrau, L. Feray, N. Kuznetsov, P. Renaud
Institut de Chimie Organique, Université de Fri-
bourg

‘Diastereoselective 1,5-Hydrogen Transfer as a
New Tool in Asymmetric Synthesis’

Abstract 238
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16.00-16.20

Lectures
14.00-16.40

14.00-14.20

14.20-14.40

14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

16.00-16.20

16.20-16.40

V. Narkevitch, P. Vogel

Institut de Chimie Organique, Université dc Lau-
sanne

‘A New Asymmetric Carbon-Carbon Bond Form-
ing Reaction: Four-Component Stereoselective Syn-
thesis of Methyl Sulfones’

Abstract 239

College Propédeutique, Auditorium C
Abstracts 240-247
Chairperson: R. Haener

C. Allemann, T.A. Jenny

Institut de Chimie Organique, Université de Fri-
bourg

‘A Novel Chiral Fp Analogue used as Cyclization
Catalyst’

Abstract 240

R. Hilgraf, M. Schonleber, A. Pfaltz

Department of Chemistry, University of Basel
‘Chiral TADDOL-Phosphite- and Bis(N-Tosyla-
mido)-phosphine-oxazolines as Ligands in Asym-
metric Catalysis’

Abstract 241

D. Renneberg, H. Pfander, C. Leumann
Department of Chemistry and Biochemistry, Uni-
versity of Bern

“Total Synthesis of Coraxeniolide-A’

Abstract 242

S. Gerber Lemaire-Audoire, S. Ainge, C. Glanz-
mann, P. Vogel

Institut de Chimie Organique, Université de Lau-
sanne

‘Toward the Total Synthesis of Sporeamicin A and
Analogues’

Abstract 243

N. Soldermann, R. Neier

Institut de Chimie, Université de Neuchétel
‘Application of the Novel Tandem-Process Diels-
Alder Reaction/Ireland-Claisen Rearrangement to
the Synthesis of (+)-Juvabione and (+)-Epijuvabione’
Abstract 244

A. Rieder, C.S. Sheehan, B. Krdutler

Institute of Organic Chemistry, University of Inns-
bruck, Austria

‘Loading a Porphyrin with Fullerenes’

Abstract 245

M. Biinziger, J. Cercus, W. Stampfer, U. Sunay
Novartis Pharma, Basel

‘New Synthesis to ‘Obeline’ Intermediates for NS
Active Compounds’

Abstract 246

M.-E. Schwenter, P. Vogel

Institut de Chimie Organique, Université de Lau-
sanne

‘A New, Non-iterative Asymmetric Synthesis of
Long-Chain 1,3 Polyols’

Abstract 247
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Physical Chemistry

Lectures
11.10-12.10

11.10-11.30

11.30-11.50

11.50-12.10

Ecole de Pharmacie, Auditorium A
Abstracts 248-250
Chairperson: D. Stahl

T. Bally, B. Miiller, F. Williams, R. Pappas

Institut de Chimie Physique, Université de Fribourg;
Department of Chemistry, University of Tennesse,
Knoxville, USA

“The Surprising Fate of [1.1.1] Propellane on Ioni-
zation’

Abstract 248

S. Choua, H. Sidorenkova, T. Berclaz, M. Geoffroy,
P. Le Floch

Laboratoire Hétéroéléments et Coordination, UMR
CNRS 7653, Ecole Polytechnique Palaiseau,
France; Département de chimie physique,
Université de Geneve

‘Etude par RPE/ENDOR du radical anion de la
biphosphinine et du complexe de Nickel(0) associé’
Abstract 249

D.C. Liihrs, I. Fischer

Laboratorium fiir Organische Chemie, ETH-Zen-
trum, Ziirich

‘Excited-state Proton Transfer in 1-Naphthol /
Ammonia Clusters: Wavelength-dependence of the
Pump-probe Spectra’

Abstract 250

Poster Session

12.10-13.40

Lectures
13.40-16.40

13.40-14.00

14.00-14.20

14.20-14.40

Collége Propédeutique, Main Hall
Abstracts 251-278
Chairpersons: S. Leutwyler, T. Rizzo, D. Stahl

Ecole de Pharmacie, Auditorium A
Abstracts 279-286
Chairperson: S. Leutwyler

D. Ferri, T. Biirgi, A. Baiker

Laboratorium fiir Technische Chemie, ETH-Zen-
trum, Ziirich

‘In situ ATR-IR Spectroscopy Study of CO Adsorp-
tion on Pt and Pt/Al,0; Thin Films at the Solid-
liquid Interface’

Abstract 279

M.S. Schneider, R. Wandeler, N. Kiinzle, T. Mallat,
A. Baiker

Laboratorium fiir Technische Chemie, ETH-Zen-
trum, Ziirich

‘Phase Behavior of Supercritical Fluid Mixtures:
Application in Heterogenous Catalysis’

Abstract 280

S. Glaus, G. Calzaferri

Department of Chemistry and Biochemistry, Uni-
versity of Bern

*Cmantum Chemical Investigations of Metal/Semi-
conductor Contacts’

Abstract 281
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14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

16.00-16.20

16.20-16.40

F. Rota, R. Prins

Laboratory of Technical Chemistry, ETH-Ziirich
‘Stereochemistry in the Hydrodenitrogenation of
o-Toluidine and Methylcyclohexylamine over Sul-
fided NiMo/y-Al,053’

Abstract 282

Coffee break
Chairperson: T. Rizzo

C. Martinez, A. Neuner, A.M. Braun, E. Oliveros
Lehrstuhl fiir Umweltmesstechnik, Engler-Bunte-
Institut, Universitiat Karlsruhe, Deutschland
‘Polarity Effects on the Quantum Yield of Singlet
Oxygen (Oy('A,)) Production by Fluorenone’
Abstract 283

D. Stadler, M.J. Rossi

Laboratoire de Pollution de I’ Air et du Sol, Départe-
ment Génie Rural, EPF Lausanne

‘HONO Formation by Heterogeneous Interactions
of NO, and Soot Particles’

Abstract 284

D. Rueda, O.V. Boyarkin, T.R. Rizzo, A.Chiroko-
lava, D.S. Perry

Institut de Chimie Physique Moléculaire, EPF-
Lausanne; Department of Chemistry, University of
Akron, Ohio, USA

‘Infrared Spectroscopy of Vibrationally Excited
Methanol and Some of its Isotopomers’

Abstract 285

C. Zwahlen, D. Friih, J.R. Tolman, S.J.F. Vincent,
G. Bodenhausen

Section de Chimie, Université de Lausanne; Nestlé
Research Center, Vers-chez-les-Blanc, Lausanne
‘Protein Motions Studied by NMR’

Abstract 286

Computational Chemistry

Poster Session

11.10-13.20

Lectures
13.20-17.00

13.20-13.40

College Propédeutique, Main Hall
Abstracts 287-299
Chairpersons: C. Daul, J. Weber

College propédeutique, Salle CP 32]
Abstracts 300-310
Chairperson: C. Daul

M. Bruschi, H.P. Liithi

Laboratory of Physical Chemistry, Ziirich
‘Molecular and Electronic Properties of Polytriace-
tylene Oligomers’

Abstract 300

13.40-14.00 J. Vande Vondele, A. Laio, U. Rithlisberger

Laboratory of Inorganic Chemistry, ETH Zentrum,
Ziirich

“The Structure of Cu?* Binding Sites in the C-termi-
nal Domain of the Murine Prion Protein: A Mixed
ab initio — Classical Molecular Dynamics Study’
Abstract 301

14.00-14.20

14.20-14.40

14.40-15.00

15.00-15.20

15.20-15.40

15.40-16.00

16.00-16.20

16.20-16.40

16.40-17.00
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G. Wipff

Laboratoire MSM, Institut de Chimie, Université de
Strasbourg, France

‘Importance of Interfacial Phenomena in Liquid-
Liquid Extractions: Molecular Dynamics Investi-
gations’

Abstract 302

T.A. Wesolowski, A. Goursot, J. Weber
Département de Chimie Physique, Université de
Geneve

‘Theoretical Studies of CO in ZSMS Zeolite. Ap-
plications of a DFT Method Based on Electron
Density Partitioning’

Abstract 303

J.-F. Fuchs, J. Mareda

Department of Organic Chemistry, University of
Geneva

‘Computational Study of Solvolysis Reactions of
Strained Bridgehead Substrates’

Abstract 304

F.P. Rotzinger

Institut de chimie physique, EPF, Lausanne
‘Electron Self-Exchange of the Hexaaqua Co-
balt(II)/(11T) Couple’

Abstract 305

T. Heine, A. Goursot, J. Weber

Département de chimie-physique, Université de
Genéve

‘Calculating Si NMR Chemical Shifts — from Sila-
nes to Zeolites’

Abstract 306

S. Portmann, A. Inauen, S. Leutwyler, H.P. Liithi
Laboratory of Physical Chemistry, Ziirich; Depar-
tement fiir Chemie und Biochemie, Universitiit Bern
‘Chiral Discrimination in Hydrogen-bonded Com-
plexes’

Abstract 307

S. Rey, M. Rabii, G. Caron, G. Ermondi, P. Gail-
lard, A. Pagiara, P.-A. Carrupt, B. Testa

Institut de Chimie Thérapeutique, Université de
Lausanne

‘Development and Applications of Molecular
Hydrogen Bonding Potentials (MHBPs)’

Abstract 308

A. Laio, J. Vande Vondele, U. Rithlisberger
Laboratory of Inorganic Chemistry, ETH Zentrum,
Ziirich

“‘Towards a Consistent Electrostatic Coupling
Scheme for Mixed Quantum-Classical Calculations’
Abstract 309

C. Lehmann

Institute of Organic Chemistry, University of Lau-
sanne

‘Molecular Modelling: Indispensable Tool at the
Interface between Structural Analysis and Mole-
cular Design’

Abstract 310
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Organic Chemistry 1
Towards a Total Synthesis of Aminoacylated t-RNAs
Stefan Pitsch

Laboratorium fiir Organische Chemie, ETH Zentrum,
Universititstr. 16, CH-8092 Ziirich

In the ribosomal biosynthesis of proteins, the aminoacylated t-RNAs serve as
carriers of the amino acids. A total synthesis of these biological key-
compounds would allow the site-specific incorporation of modifications
within the t-RNA and attachment of any desired amino acid. Such analogues
are useful tools for structural and functional studies, and for the incorporation
of unnatural amino acids into proteins.

B: Synthesis of aminoacylated

3 RNA-fragments H,

N C: Ligation
5' Hy gat N H
PO,"

—

A: Synthesis of
RNA-sequences —

Our retrosynthetic scheme for the preparation of aminoacylated t-RNAs is
shown above. It includes the synthesis of truncated t-RNAs (A), the synthesis
of aminoacylated RNA-fragments (B), and their subsequent ligation (C). Our
approaches toward the realization of these three tasks will be presented.

CHIMIA 2000, 54, No. 7/8

Organic Chemistry 2

New Chiral Electrophilic Reagents

Thomas Wirth *

Institut fiir Organische Chemie der Universitét Basel, St. Johanns-Ring 19,
CH-4056 Basel, Switzerland

The stereoselective functionalization of non-activated double bonds is still
an attractive goal. For this purpose various chiral electrophilic reagents have
been developed.

Selenium, sulfur and iodine based chiral electrophiles of type 1 — 3 have
been synthesized. We are reporting very efficient reactions with these
reagents and their application in total synthesis. First developments towards
polymer-bound reagents will be discussed as well.

R’ R’ R’
R2_f N X 2 X 2 Y X
% Se* % s* % I*
|
OH
1 2 3

X= OR, NR,

U. H. Hirt, B. Spingler, T. Wirth, J. Org. Chem. 1998, 63, 7674 — 7679.
T. Wirth, Angew. Chem., in press.

* new address: Chemistry Department, Cardiff University, P.O. Box 912,
Cardiff CF10 3TB, UK.

Analytical Chemistry 3

Ion Mobility Spectrometry (IMS) for Trace-Detection of Drugs of
Abuse in Forensic Chemistry and Forensic Toxicology

Werner Bernhard*, Priska Regenscheit, Beat Aebi
Institute of Forensic Medicine, University of Bern, Buehlstrasse 20 3012
Bern Switzerland

A short review of the analysis principle of IMS will be presented. Trace
amounts of drugs (Heroin, Cocaine, Amphetamines, LSD, Hashish, and
others) are adsorbed on dust particles on clothes, in cars, mobile phones and
other items of evidence. Of special interest is also the screening for drug
traces on hands, nose smear of death or living persons. The samples are
collected on a membrane filter and directly introduced into the ion mobility
spectrometer. Drug traces are detected by IMS in approx. 4 seconds.
Positive results are confirmed by GC-MS, instrumental TLC or HPLC-
DAD.

For the special testing of street drugs the screening is done in our laboratory
by IMS. Applications of the method at the crime scene and in forensic
toxicology (nose smear, finger nail dirt) will be discussed.

Key Words: Ion Mobility Spectrometry, IMS, Mass Spectrometry, street
drugs, trace analysis,

Analytical Chemistry 4

Laser Ablation-Inductively Coupled Plasma Mass Spectrometry — New
Strategies for Trace and Ultra Trace Element Analysis in Solids

D. Giinther and 1. Horn

Laboratory of Inorganic Chemistry, ETH Ziirich, Universitétsstrasse 6,
8092-Ziirich

Lascr Ablation-ICP-MS has become a powerful analytical technique for the
determination of major, minor and tracc elements, which has successfully
been demonstrated on a wide variety of solid materials [1]. The combination
of a 193 nm ArF excimer laser and a newly designed 266 nm laser ablation
system with a homogenized optical set up, using lens arrays, a condensor
lens and an aperture (imaging optic) allows the controlled ablation with a
crater diameter between 4 and 120 pum. These ablation systems achieve a
constant fluency (adjustable between 2 and 40 J/em? using an attenuator) on
the sample surfacc for the different spot sizes, which is sufficient for a
controlled ablation of highly and opaque samples. Secnsitivity and
reproducibility for the determination of trace clements in solid samples
mainly depend on the mass ablated per shot (i.e crater diameter), and the
mass fraction that is transported into the ICP-MS. Using Helium as the
carrier gas improved aerosol formation and transport efficiency of the
technique by a factor of 5. Especially for short transient concentration-
variable signal acquisition (e.g. inclusion analysis) a reduction of the cell
volume leads to less dispersion of the signal and improves the signal to
background ratio drastically. The quantification of trace elements carried out
using external non-matrix matched calibration standards leads to good
agreement to results obtained by other techniques. Homogeneous samples
allow an RSD better 5 % for elements above 1 pg/g.

[1] D. Giinther, S. E. Jackson, H. P. Longerich, Laser ablation and arc
spark solid sample introduction into inductively coupled plasma mass
spectrometers. Spectrochim. Acta. Rev. 54B (1999) 381 —409.
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Analytical Chemistry 21

Qccurrence of Macrolide Antibiotics in the Aquatic Environment
Eva Molnar, Christa S. McArdell and Walter Giger

Swiss Federal Institute for Environmental Science and Technology
(EAWAG)
CH - 8600 Duebendorf
c-mail : ¢va.molnar@cawag.ch

This poster presentation reports on an ongoing research program investiga-
ting occurrence and behavior of pharmaceuticals in different compartments
of the aquatic environment.

Relatively persistent and non-adsorptive macrolide antibiotics were chosen
for this study (see Figure). The objectives were to follow the exposure
routes of macrolides, to determine the amounts reaching ambient waters, to
study the environmental behavior of these substances and to provide
information for environmental risk assessment. An analytical method was
developed based on solid phase-extraction followed by separation and
quantification with LC-MS.

erythromycin:
R,=0, Ry=H
clarithromycin:
R 1=0. R2= CH3
roxithromyecin:
R,=NOCH,0(CH,),0CHj3, R,=H

Initial studies on effluents of municipal wastewater treatment plant as well
as on river and lake water show the occurrence of clarithromycin, the main
metabolite of erythromycin and roxithromycin. Maximum concentrations
of 0.13 ug/L were found in mechanically-biologically treated wastewater
effluents, whereas concentrations in surface waters were 2-10 times lower.

CHIMIA 2000, 54, No. 7/8

Chimie analytique 22

Analyse de résidus d’érythromycine dans la viande et le poisson par
extraction sur phase solide échangeuse de cations

L. Coppex, P. Edder, A. Cominoli, C. Corvi

Service de protection de la consommation,
22, quai Emest-Ansermet, 1211 Genéve 4

L’érythromycine appartient 4 la famille des macrolides, importante classe
de composés antibactériens, utilisée aussi bien en médecine humaine que
vétérinaire. Par conséquent des résidus peuvent étre retrouvés dans la
viande, les abats (foie et rognons), les ceufs et le lait.

Une procédure fiable et sensible est présentée pour [’analyse de
I’érythromycine dans la viande et le poisson. La méthode est basée sur une
purification par extraction sur phase solide avec une cartouche échangeuse
de cations, d’une dérivatisation en mode pré-colonne et sur une séparation
par chromatographie liquide avec détection fluorimétrique.

La procédure est caractérisée qualitativement et quantitativement. La
sélectivité est satisfaisante pour des matrices variées et complexes, comme
la viande et le poisson. Du point de vue quantitatif, si les recouvrements
sur toute la procédure sont relativement faibles (> 50 %), I’utilisation d’un
standard interne (’oléandomycine) permet de parfaitement compenser les
pertes. Dans ces conditions la répétabilité, la linéarité, les limites de
détection et de quantification, mais surtout I’exactitude sont satisfaisantes.

Analytical chemistry 23
Analyse de Pindinavir dans les cheveux par chromatographie liquide
haute performance (CLHP) et commutation de colonnes

Anissa El Mahjoub, Christéle Girod et Christian Staub
Institut Universitaire de Médecine Légale
9, avenue de Champel, 1211 Genéve 4, Suisse

L’indinavir est un inhibiteur spécifique de la protéase du virus de
I’immunodéficience humaine (HIV), une enzyme nécessaire a la maturation
et a la réplication du virus.

L’indinavir est considéré comme étant un des agents thérapeutiques les plus
efficaces a I’heure actuelle pour traiter les infections a HIV.

L’analyse des cheveux permet d’observer la consommation de certaines
drogues sur une longue période suivant la longueur de la méche. C’est
pourquoi une analyse de I’indinavir dans les cheveux devrait permettre un
meilleur suivi thérapeutique.

Une méthode CLHP utilisant la commutation de colonnes (column
switching) a été développée pour la détermination rapide et quantitative de
I’indinavir dans les cheveux.

Aprés incubation des cheveux, lavés et broyés, dans 1 ml de méthanol
pendant 2h. a 45°C, I’échantillon est centrifugé et la phase organique
évaporée sous azote. L’extrait sec est reconstitué dans 100 pl de phase
mobile constituée de tampon phosphate et d’acétrontrile (70 :30).
L’échantillon est alors injecté et extrait par une technique de commutation
de colonnes utilisant une colonne Bio Trap 500 MS. Le méthylclonazepam
est utilisé comme standard interne. L’analyse se fait par CLHP en phase
inverse a I’aide d’un détecteur a barrette de diodes et I’indinavir est mesuré
a une longueur d’onde de 254 nm. La droite de calibration est linéaire dans
un domaine de concentration entre 3 et 20 ng/mg. Les coefficients de
variation a basse et a haute concentrations sont de 13% et 9%
respectivement. Le rendement d’extraction est supérieur 8 95% pour tout le
domaine de calibration.

Title: Determination of Aromatic Compounds in Aerosol from an Indoor
Smoking Environment by Two Step Laser Desorption/Ionization Mass
Spectrometry (L2MS) 24

Brad Morrical and Renato Zenobi®

Department of Organic Chemistry, ETH Zurich
CH-8092 Zurich

Cigarette smoking is a major cause of indoor aerosol pollution in
Europe. Determination of exposure to environmental tobacco smoke (ETS)
aerosol is critical to understanding health effects. Using two step laser
desorption/ionization (L2MS) to analyze aerosol collected from a smoking
area in a university building, the determination of ETS tracers on aerosols
and the ,,aging“ of ETS over the course of a day is examined. Additionally,
the spatial distribution of aerosol from the smoking lobby is examined to
see what effect distance from the source has on the mass spectrum
observed.

L2MS has been proven to be an effective technique for the selective
ionization of polycyclic aromatic compounds (PAC) and other
polyaromatic compounds. Results from the analysis of ETS show that
several unique m/z ions are present in the mass spectrum when compared to
other combustion sources, such as automobiles and diesel trucks. In
particular, ions at m/z 118, 132, 146, and 160 are consistently present and
are not found in other sources. For the indoor environment, where
chemical transformation is much less rapid than in the outdoor
environment, these ions were found to be present as soon as the first
smokers appeared and persisted over the course of the day.

Aerosol sampled during the early part of the day revealed a
prominence of ions due to aerosol from other combustion sources, namely
automobiles and or road dust suspended by vehicle motion. These enter the
building through ventilation and the opening of doors.

The mass spectra of samples taken throughout the building indicate
that down some hallways the ETS signature was quite clear, while in others
the mass spectrum resembled the outside PAC distribution. The transport
of the ETS throughout the building appears to be dependent on the
ventilation patterns in the building.
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Asymmetric Copper-Catalyzed Cyclopropanations Using Chiral
Bipyridine-Complexes

Didier Lotscher and Alex von Zelewsky
University of Fribourg, Insitute of Inorganic and Analytical Chemistry, Pérolles
1700 Fribourg. e-mail: Didier.Loetscher@unifr.ch

Cyclopropanation of styrene with diazoacetate in the presence of copper
complexes was found to give the corresponding trans-
cyclopropanccarboxylates as major products in good to high optical purity [1].

In our investigations the cyclopropanation of styrene 1 with ethyldiazoacetate
in the presence of 1 mol% of the copper complex 2 at 0°C gave the
corresponding cis-cyclopropanecarboxylate in 90% ee , and the trans-isomer in
87% ee. The diastereoselectivity was found to be 22:78 in favour of the trans-
cyclopropanecarboxylate. The inactive dichloro-complex 2 has to be treated
with AgOTf and then reduced to the copper(I)-species in situ by
ethyldiazoacetate. Other similar copper-complexes gave less favorable results.

This work is supported by the Swiss National Science Foundation.

[1] T. Katsuki, S. Tabuchi, K. Ito, Synlerr 1992, 575.
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Nitration of Toluene with Nitric Acid and Acetic Anhydride over
Zeolites : a Solid-state NMR Study

Mohamed Haouas, Andreas Kogelbauer and Roel Prins

Laboratory of Technical Chemistry, Swiss Federal Institute of Technology
(ETH), CH-8092 Zurich, Switzerland

Nitration of aromatic compounds, with particularly high regio-selectivity,
can be monitored using zeolite beta as a catalyst and nitric acid in acetic
anhydride as a nitrating agent [1]. Based on a comparative study using
different zeolites, we concluded that the increased para-selectivity in the
nitration of toluene is related to sites located in the micropores of the zeolite
and originates from steric hindrance induced by adsorption rather than from
classical shape selectivity [2]. In order to confirm these conclusions, multi-
nuclear solid-state NMR spectroscopy investigations were carried out on
zeolite-nitrating agent systems. The reversible transformation of framework
aluminum from a tetrahedral into an octahedral environment upon
interaction of the zeolite with nitric acid, was revealed by means of 2’Al
NMR. "N NMR confirmed that nitric acid, as nitrate species (a), interacts
strongly with framework aluminum of the zeolite. Our NMR results show
that nitration occurs through surface-bonded acetylnitrate as the reactive
nitrating species (b), which is consistent with selectivity being related to the
steric hindrance effect, rather than to isolated nitronium ions.
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[1] K. Smith, A. M]dsson, G. A. DeBoos, J. Org. Chem. 1998, 63, 8448.
[2] D. Vassena, A. Kogelbauer, R. Prins, Stud. Surf. Sci. Catal. 1999, 125, 501.
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Catalytic Hydrogenation of Aromatics under Biphasic Conditions:
Isolation and Structural Characterisation of the Cluster Intermediate

[(n°-CeMeg)a(n’-CeHe)Rus(u2-H)2(t2-OH) (u3-0)]”
Matthieu Faure, Ana Vallina Tesouro, Helen Stocckli-Evans, Georg Siiss-Fink *
Institut de Chimie, Université de Neuchdtel, Case postale 2, CH-2007 Neuchdtel, Suisse
The warter-soluble cluster cation [(n®CeMee)y(n®-CsHe)Rus(ptz-H)3(13-0)]* (1)

catalyses the hydrogenation of benzene and benzene derivatives to give the
corresponding cyclohexanes under biphasic conditions [1].

1 (1%0)

110 °C, 60 bar, 15 min

[T

The catalytic activity of 1 depends markedly on the substrate, an extremely high
activity being observed for cthylbenzene (catalytic turnover frequency 3413 h'). The
cationic species present in the catalytic mixture of the ethylbenzene hydrogenation could
be isolated as the tetrafluoroborate salt and characterised as the cation [(n®-CsMeg)y(n’-
CeHe)Rus(p2-H)(12-OH)(13-0)]"(2).

j+

Ry — Ry RI—|—Ru
\\ // \\ Ry
H\RU/H 1 CeHsEt  CgHy Et HO\ RJ.'/OHz

With 2 as the catalyst, the catalytic activity is also much higher for the

hydrogenation of other benzene derivatives.

[1] M. Faure, M. Jahncke, A. Neels, H. Stoeckli-Evans, G. Siiss-Fink,
Polyhedron, 18, (1999), 2679-268S.

Inorganic and Coordination Chemistry

80

A Ruthenium(II) Catalyst Boosts cis-Selectivity and Enantioselectivity
of Asymmetric Cyclopropanation

S. Bachmann, M. Furler and A. Mezzetti*
Laboratorium fiir Anorganische Chemie, ETH Ziirich, CH-8092 Ziirich

Following our studies on the ruthenium-catalyzed asymmetric
epoxidation of olefins with H,O, as oxidant [1], we find now that the
cationic ruthenium(II) complex 1 containing a tetradentate PNNP ligand
catalyzes the asymmetric cyclopropanation of styrene with extremely high
diastereo- and enantioselectivity for the cis-2-phenyl-cyclopropane ester.

Q 7“
Ph CO,Et y
cis =N, CUN= ~
j R 2: (PFé]
P
Phy ghz

(5.9) 1

1
/" + NpCHCO,Et —» +

Ph

Ph COEt
trans

The system reported here gives, besides excellent enantioselectivity,
a cis/trans ratio of 93:7. This is, to the best of our knowledge, the best cis-
selectivity yet obtained in asymmetric cyclopropanation [2-4].

catalyst t/h  conv. (%) cis/trans ee (cis) (%) ee (trans) (%)
1(5mol %) 20 56 93/7 95 23
1(5mol%) 2 30 91/9 91 36
1(I1mol%) 2 28 83/17 82 4

Investigations with other substrates and PNNP ligands will be described.

[1]R. M. Stoop, A. Mezzetti, Green Chem. 1999, /, 39.

[2] T. Aratani, Y. Yomeyoshi, T. Nagase, Tetrahedron Lett. 1982, 23, 685.
[3] T. Uchida, R. Irie, T. Katsuki, Synlett 1999, 1163.

[4] A. Pfaltz, Acc. Chem. Res. 1993, 26, 339.
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The Cluster Dication [HsRuy(CsHg),)** Revisited:
The First Cluster Complex Containing an intact H, Ligand?

Aline Maisse-Frangois®, Georg Siiss-Fink*®, Thomas Fox®, Heinz Berke®,

Helen Stoeckli-Evans®, Régis Gautier®, Jean-Yvcs Saillard®

? Institut de Chimie, Université de Neuchdtel, Case postale 2, CH-2007 Neuchditel
Anorganisch-Chemisches Institut des Universitdt Ziirich, CH-8057 Ziirich
€ Université de Rennes |, UMR-6511, F-35042 Rennes Cedex.

The electron-precise (60¢) hexahydrido cluster [H6Ru4(C(,H6)..]2’ (1) is in equilibrium
with the electron-deficient (58¢) tetrahydrido cluster [HyRus(CsHe)a]** (2) [1).

(HeRua(CHe)al** [HaRug(CeHe)al®* + Hy
(1) )

A re-examination of the hexahydrido cluster 1
suggests the dication [HgRuy(CsHe)s]** to
contain an intact H; ligand interacting with
one of the four hydride ligands over a
triangular face of the Ruy tetrahedron.
Evidence for this is based on low-temperature
NMR T, data, X-ray crystal data and DFT
calculations [2].

Cluster 1 readily transfers H; onto other substrates such as olefins or molecular oxygen
[1]). Therefore, the equilibrium between 1 and 2 can be used for catalytic hydrogenation
reactions.

CO; + Hp —— HCOOH
Thus, cluster 1 was found to catalyse the hydrogenation of carbon dioxide in aqucous
solution to give formic acid without the presence of an amine being required.

[ G. Mcister, G. Rheinwald, H. Stoeckli-Evans, G. Siiss-Fink, J. Chem. Soc., Dalton Trans.
(1994), 3215.

12) G. Siiss-Fink, L. Plasscraud, A. Maisse-Frangois, H. Stocckli-Evans, H. Berke, T. Fox, R.
Gautier, J. Y. Saillard, J. Organomet. Chem., in the press.
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Mechanistic Aspects of the Enantioselective Copolymerization of
Propene with CO Catalyzed by Pd(II) Complexes Containing
Ferrocenyl Diphosphines

C. Gambs,’ G. Consiglio, 4* and A. Togni 4*
ALaboratorium fur Technische Chemie, ETH Zurich, CH-8092 Zurich
bLaboratorium Jfur Anorganische Chemie, ETH Zurich, CH-8092 Zurich

The alternating copolymerization of olefins with carbon monoxide is of great
interest due to the potential use of the resulting polymer as new material [1].
We recently reported highly enantioselective alternating copolymerization
of propene and CO catalyzed by in situ formed Pd(II) complexes bearing
chiral ferrocenyl ligands PP1-7. Only small variation in stereoregularity (90-
97.5 % of I-diads) were observed, whereas drastic changes in catalytic
activity (productivity from 50 to 1800 gco/gesh) were noted by changing
the electronic properties of the PAr, substituents [2].

Me
Ar=
@ PCy2
@ PArz oJéL ¥ H cﬁcrfé ‘d '©?cﬁ]cr-‘
Kand HaC OCHs Gon, ™ s CFa Cr, 2 8
1 2 3 4 5
(R-(S)-PP 1-7 & 7

Increase in catalytic activity
The role of the electronic differentiation of the two binding sites of the
ligands PP1-7 has been studied. We prepared the monocationic palladium
complexes [Pd(CH;)(NCCH,)(PP1-7)][PF¢] and investigated the initial
reaction steps of the copolymerization process: (1) CO insertion into the
alkyl-Pd bond and (2) olefin insertion into the acyl-Pd bond.

References
(1] a) Drent, E.; Budzelaar, P. H. M., Chem. Rev., 1996, 96, 663
b) Bronco, S.; Consiglio, G.; Di Benedetto, S.; Spindler, F.; Togni, A.,
Helv. Chim. Acta 1995, 78, 883
(2] Gambs C.; Chaloupka S.; Consiglio G.; Togni A., Angew. Chem. 2000, /12, in print
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Reactions of Dicationic Ru(Il) Arene Complexes with
Primary Acetylenes

Carolien den Reijer and Paul Pregosin

reijer@inorg.chem.ethz.ch
Laboratorium fiir Anorganische Chemie, ETH-Zentrum
Universitdtsstr. 6, CH-8092 Ziirich, Switzerland

There is a growing interest in Ru-carbene complexes as these species are
potential catalysts for metathesis polymerization. We have been interested in
Ru(ll) arene systems with the atropisomeric bidentate phosphine ligands, e.g.
MeO-Biphep. Starting from complex 1, we have succeeded in preparing
several dicationic Ru(Il) carbene (e.g. 2) and acetylide species. The synthesis,

characterization, structure, and reactivity of these complexes will be described.
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Study of Tungsten Catalysts by Means of EXAFS (Extended X-ray
Absorption Fine Structure)

Inorganic Chemistry

André van der Vlies, Roel Prins and Thomas Weber

Laboratory for Technical Chemistry, Swiss Federal Institute of Technology
(ETH), CH-8092 Ziirich

As processes for the catalytic removal of sulfur (HDS) and nitrogen
(HDN) from crude oil fractions become more important due to
environmental legislation, a better understanding of these catalysts is
necessary [1]. The most frequently used catalyst in industry is Ni(Co)MoS,
on Al;O3. W-based catalysts are used less frequently, because they are more
costly and less active in the HDS of gasoil. However, W catalysts have
excellent hydrogenation properties, making them good catalysts in the HDN
reaction [2]. Such properties are necessary for the so-called deep removal of
sulfur from gasoil (< 50 ppm) which will be required in Europe by 2005.

In contrast with Mo [3], not much is known about how the oxidic W
precursor is transformed into the active catalyst. Therefore, we studied the
sulfidation behaviour of Ni-promoted W catalysts by means of EXAFS. We
conclude that Ni increases the sulfidability and lowers the sulfidation
temperature of the catalysts. We also found that W catalysts have a higher
activity in the HDS reaction of thiophene with increasing amount of Ni.

[\ \
—_— == =y +
<s> s \\ /‘\\—\ \_\
[1] Th. Weber, J.C. Muijsers, J. H. M. C. van Wolput, C. P. J. Verhagen,
J. W: Niemansverdriet, J. Phys. Chem. 1996, 100, 14144
[2] S. P. Ahuja, M. L. Derrien, J. P. Le Page, Ind. Eng. Chem. Prod. Res.
Develop. 1970, 9,272

[3] “Transition Metal-Sulphides—Chemistry and Catalysis”, Eds. Th.
Weber, R. Prins, R. A. van Santen, Kluwer, Dordrecht, 1998.
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Coordination Chemistry
On the route to a new photo-switchable system
David Mauron, Peter Belser

Institute of Inorganic and Analytical Chemistry
University of Fribourg, CH-1700 Fribourg, E-mail: david.mauron@unifr.ch

In a recent work, we have synthesized a switching unit which was able to
perform many open-closing cycles without molecular decomposition.[1]
The switch was based on two anthracenes moieties linked by an ester bridge

to a bipyridine unit. It is well known that two anthracenes molecules can
undergo a reversible photocyclisation. Such process converts the aromatic
anthracenes moieties into an aliphatic bridged system.

@

S —

— V=6
@ RECO(CI,
\\ /) Strong emission

To indicate the state of the switch (open and closed form), we have
introduced a rhenium metal center coordinated to the bipyridine ligand. The
emission of the rhenium complex can be observed depending on the state of
the switching unit (emitting or non-emitting).

To improve the capability of such a photonic device, a dinuclear metal
complex with two anthracenes moieties as a bridging ligand is under
construction.

With such a molecular device, energy and/or electron transfer reactions can
be studied in the aromatic and aliphatic form of the bridge.

[1] P. Belser et al., Angew. Chem., Int. Ed. Engl., 1997, 36, 2779.
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Porphodimethene-Porphyrinogen Relationship: The Generation of
Unprecedented Forms of Porphyrinogen

Inorganic Chemistry

Lucia Bonomo, Euro Solari, Rosario Scopelliti and Carlo Floriani

Institut de chimie minérale et analytique, Université de Lausanne, BCH,
CH-1015 Lausanne

The intermediacy of porphodimethenes in the oxidation of porphyrinogen to
porphyrin is well accepted. Work on the chemistry of porphodimethene
skeleton has suffered, however, for a long time from the absence of a real
synthetic methodology, which is now available for exploring its reactivity.
Porphodimethenes are the target molecules of this report, since they allow
one to enter the field of unprecedented forms of porphyrinogen.

The electrophilic reactivity of the porphodimethene skeleton towards
nucleophiles led the establishment of a synthetic methodology to
unprecedented forms of porphyrinogen containing the vinylidene
substituents as well as other functionalities in the meso-positions (see
Scheme 1).[1]

Et Et

Et

Et E
(THF),LI 3

1 -H® = LiNMe, 2
+H* = PyHCI
Scheme 1

[1] Bonomo, L.; Solari, E.; Scopelliti, R.; Latronico, M.; Floriani, C. Chem. Commun.
1999, 2227-2228.
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A Density Functional Study of Gaseous Reaction of CoCl; with
Pyridine.

Chimie Minérale et de Coordination

[laria Ciofini , Claude A. Daul , Carl-Wilhelm Schlipfer.

Institut de Chimie Inorganique
Université de Fribourg, Pérolles, 1700 Fribourg.

The complex formation of CoCl; with pyridine (py) and 4-picoline (pic) has
been studied using Density Functional Theory (DFT) using ADF1999 [1]
and Gaussian98 program packages [2] as prototype complex formation
reaction.
The experimental data available in literature [3], UV-vis spectra and
thermochemical data, were collected for the following reactions

CoCl; + 2L > CoCLL + L ¢ CoClLL; L = py, pic
in gas phase and therefore they are especially suitable for a direct
comparison with theoretical characterisation.
As a preliminary study, the ground state potential energy surface of CoCl,
has been analysed in detail. The molecule has a degenerate ground state and
shows a Renner Teller distorsion.
A complete thermochemical and structural characterisation of the complex
with one and two additional ligand was performed and the results compared
to the available experimental data.
The effect of pyridine substitution on the complex stability is currently
under analysis.

[1] Gaussian98 rev. A.5, Gaussian Inc. Pittsburgh PA, 1998.

[2] a) ADF1999, E J Baerends et al. b) C Fonseca Guerra, J G Snijders, G te
Velde, E J Baerends, Theor. Chem. Acc. 1998, 99, 391.

[3] A. C. Daul, F. Emmenegger, M. Minar, M. Piccand Inorg. Chem. 1993,
32,2992.
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LUMINESCENCE ENHANCEMENT IN LANTHANIDE CYCLEN-
BASED LIGANDS USING PHENACYL MOIETIES

Gaél Zucchi, Rosario Scopelliti, and Jean-Claude G. Biinzli
Institute of Inorganic and Analytical Chemistry, University of Lausanne,
BCH, CH-1015 Lausanne

Since the middle of the eighties, lanthanide coordination compounds
based on 12-membered macrocyclic ligands have stirred an increasing
interest. The first investigations were centered on their potential use as
contrast agents in magnetic resonance imaging. In order to take advantage of
their high stability for in vive applications, luminescence studies on cyclen-
based lanthanide complexes have started to be carry out in the middle of the
nineties in view of their application as responsive probes for the analysis of
various ions in biological media [1]. The chromophoric group attached to the
pendant arms plays an essential role in these processes.

We have recently studied several cyclen derivatives with various arm
lengths and chromophoric moieties. In such edifices, the energy transfer
from the organic chromophore to the metal ion is a function of both
electronic and geometric parameters [2]. We are now pursuing our study
with two new ligands incorporating phenacyl groups (L' and L?), targeted for
an efficient triplet state-to-metal energy transfer on respectively Tb and Eu
ions under physiological conditions, in view of potential applications in
fluoroimmunoassays. We describe here both the structural and photophysical
properties of such complexes, for which reasonably high quantum yields
have been obtained: 23% for Tb (L') and 8-9% for Eu (L?).
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(1] D. Parker, P.K. Senanayake, J.A.G. Williams, ... Chem. Soc., Perkin
Trans. 2 1998, 2129.

[2] G. Zucchi, R. Scopelliti, P.-A. Pittet, J.-C.G. Biinzli, R.D. Rogers, J.
Chem. Soc., Dalton Trans. 1999, 931.
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Stable analogs of phosphohistidine containing peptides
Caroline Schenkels and Jean-Louis Reymond

Departement of Chemistry and Biochemistry, University of Bern
Freiestrasse 3, CH-3012 Bern

Phosphorylation on histidine residue is commonly represented in signal-
transduction pathways in prokaryotes as well as in eukaryotes. In relation
to our interest in bacterial phosphotransferase system (PTS system) we
have become interested in studying the mode of action of peptides that
become phosphorylated at histidine residue [1].

We report here the synthesis of non-hydrolysable stable analogs of 1- and
3-phosphohistidine suitable for peptide synthesis. Biological activity of
some stable peptides analogs are investigated within the PTS system.

HzN,,, COOH RyHN,, _COOH Rq= Boc
2 Fmoc
~ N-F. =N e
N/ 3100 o7 'P\OR2 R,= Et
1 % OR; Allyl
3-phosphohistidine (4'-phospho-2'furyl)alanine
H
HyN,, _COO R4HN,, _COOH Ry= Boc
3 Fmoc
Y ~ o
O°P’,\1\// 3 Osp g Ry= Et
N \
®0 00 R,O OR, Altyl

1-phosphohistidine (4'-phospho-3'furyl)alanine

[1] S. Mukhija, B. Emi Mol. Microbiol. 1997, 25, 1159.

[2] C. Schenkels, B. Erni, J.-L. Reymond Bioorg. Med. Chem. Lett., 1999, 9,
1443-1446.
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High Throughput Screening of Catalytic Antibody Libraries
using Enantioselective Fluorogenic Assays

Gérard Klein and Jean-Louis Reymond

Department of Chemistry and Biochemistry, University of Bern
Freiestrasse 3, CH-3012 Bern

The majority of commerically available lipases selectively hydrolyze only
(R)-1, which is a fluorogenic substrate when coupled with ADH [1]. We
have investigated whether catalytic antibodies against optically pure
transition state analogs (S)-2 might provide the complementary S-
enantioselective hydrolytic activity. We report our investigations on high
throughput screening of monoclonal antibody libraries for such hydrolytic
activities using (S)-1 as fluorogenic substrates.

R R = M, Et, CgHsCH,

\ 1) R-selective lipase

4 IS 6N
Hac/k/\o 0”0 2) Alcohol Dehydrogenase(ADH) HO )

(R)1 NAD*, BSA
Rf's N OH
HO, \? /©/ M
He” "0 o o
(S)-2

[1] G. Klein, J.-L. Reymond, Helv. Chim. Acta, 1999, 82, 400.
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Improved Synthesis of Aminocyclopentitols with B—Gluco
Configuration and Use as Hapten

Lucas Gartenmann and Jean-Louis Reymond*
Department of Chemistry & Biochemistry, University of Bern,
Freiestrasse 3, 3012 Bern, Switzerland
jean-louis.reymond@ioc.unibe.ch

Aminocyclopentitol 1 is an anomer selective inhibitor of B-glucosidases
(K1) = 0.18 uM for Caldocellum saccharolyticum)', and may be
considered as a mimic of the protonated B-glucoside 2. We report an
improved large scale synthesis of 1 and its functionalization at the nitrogen
for conjugation to carrier proteins in view of raising catalytic antibodies
with B-glucosidase activity.

CH,OH CH,0H
HO,,, ® HOw.. o
NHs ® R
HO™ = HO : (,)’
OH OH H
1-H* 2-H

Acknowledgement. L.G. gratefully acknowledges the Roche Research
Foundation for financial support.

[1] Boss, O.; Leroy, E.; Blaser, A.; Reymond, J.-L. Org. Lett. 2000, 2, 151
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A combinatorial approach for defining base- and backbone sequence
effects in DNA triple helix formation.

Eloy Bernal-Méndez and Christian J. Leumann

Departement fiir Chemie und Biochemie, Universitéit Bern
Freiestrasse 3, CH-3012 Bern

The ability of a triplex forming oligonucleotide (TFO) to bind with its target
DNA double helix depends strongly on its backbone conformation, that is
correlated to the base sequence [1]. In order to better understand these
sequence and conformational effects, we prepared a mixed RNA/DNA TFO
library in wich the bases as the principal recognition units remained
unchanged whereas, at each nucleotide, deoxyribo- or ribo-sugars were
permuted in order to introduce maximum conformational heterogeneity.
This combinatorial library was then screened for strong binding TFOs by
temperature dependent affinity chromatography on the corresponding DNA
target sequence that was immobilized on solid support (Fig.1).Weak and
strong binding fractions were deconvoluted by a combined HPLC, ESI-MS,
PAGE, UV and CD spectroscopic approach in order to identify individuals.
The results obtained so far show an unexpected variation of thermal stability
vs. the distribution of ribo- and deoxyribonucleotides in the TFO.

Double helix:O—AAAAGAGGAGGG) TFO library: 5'-ITTTKI'KKI'KKK-3'
3'-TTTTCTCCTCCC I'=dTorrU

O 0O K=dCorrC
~ QH B %{i/é\u—{
Q OH Q

* Uridine * Deoxythymidine
[1] R. W. Roberts, D. M. Crothers, Science, 1992, 258, 1463.
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