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Abstract: On Monday, November 13, 2000, the rector, Prof. Dr. K. Osterwalder, presented the Prelog Medal
2000 to Prof. Drs. h.c. Helmut Schwarz, Technische Universitat Berlin, Institut fir Organische Chemie.
The title of the lecture that followed was ‘Elementarschritte metallvermittelter Bindungsaktivierungen’.
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Konrad Osterwalder (left) and Helmut Schwarz.

Prof. Drs. h.c. Helmut Schwarz was
born in 1943. He studied chemistry at the
TU Berlin, where he received his diplo-
ma in 1971, and one year later, his doc-
torate. Habilitation followed in 1974. He
moved up the academic ladder within the
TU Berlin, becoming ord. Professor of
Organic Chemistry in 1983. Already in
his dissertation, Prof. Schwarz performed
pioneering work on the application of
mass spectrometry to problems in organ-
ic chemistry. Among his associations
from his formative years, a stay at
Churchill College, Cambridge was of
particular significance. It was there that
he first developed the distinguishing
characteristic that marks his work up to
today. Mass spectrometry for Prof.
Schwarz was always much more than an
analytical tool for structure elucidation;
he used mass spectrometry to study basic
issues of structure and reactivity in well-
chosen model systems of broad appli-
cability. With this orientation, he has
addressed a wide audience. Although so-
phisticated technology and instrumenta-
tion are critical to the success, or even the
feasibility, of his experiments, the chem-
istry has always been center stage. Sever-
al research areas have evolved from his

early work on molecular rearrangements
and fragmentations in organic cations.

Reactive intermediates have been of
consistent interest in the Schwarz group.
Prof. Schwarz is an early pioneer in a va-
riety of mass spectrometric methods for
their investigation. Two, in particular,
deserve special mention because these
methods demonstrate a depth of sophisti-
cation in the combination of organic
chemistry and advanced instrumentation.
Uncharged reactive intermediates, e.g.
radicals, are normally inaccessible to
mass spectrometric methods. However, a
prosthetic charge at a site remote from
the radical center allows these ‘distonic
radical ions’ to be manipulated in a mass
spectrometer. Although it is the charge
that renders the molecule tractable, it is
the odd electron that confers the charac-
teristic reactivity. Prof. Schwarz was
among the first to explore the chemistry
of these species. A second methodology
for the investigation of uncharged reac-
tive intermediates is Neutralization-Re-
ionization Mass Spectrometry (NRMS),
a technique in which Prof. Schwarz can
rightly claim to be an early innovator and
also the most prolific user.

The existence and properties of
elusive transients, such as water oxide
(H,O-0O), highly reactive cumulenes
(X=[C=C,=Y], n = 14, X,Y = 0,S), as
well as neutral He@Cg, can be obtained
from these experiments. These studies
provide benchmarks for computational
studies, many of which were also done in
the Schwarz group; they also provide di-
rect evidence for proposed chemistry in
fields as diverse as astrophysics and ma-
terials science.

Prof. Schwarz has also made seminal
contributions to the study of the gas-
phase chemistry of transition metal-con-

taining ions. These small ions are often

models for catalytic processes in the con-
densed phase. From remote functionali-
zation studies, i.e. C—X and C-H activa-
tion, to the demonstration of genuine
turnover of a catalyst ion trapped in an
ICR, the work shows a deep appreciation
of the versatility and ubiquity of metal-
organic compounds. Of special note is
the relation of the experimental studies to
new theoretical constructs for the intui-
tive understanding of reactivity. While
the application of computational methods
to chemical problems has become wide-
spread in recent years, it is rare that new
intuitive models of general applicability
that rationalize and predict the major
trends in reactivity come to light. In the
course of his studies on the reactivity of
small ions such as FeO*, Prof. Schwarz
has formulated, in collaboration with
Prof. S. Shaik, the concept of Two-State
Reactivity, which, despite its origins in
the study of diatomic ions in the gas-
phase, rationalizes gross trends in the
chemistry of cytochrome P-450.

New areas of investigation include
the exploration of relativistic effects in
chemical reactivity. For AuF* or PtCH,*,
Prof. Schwarz has shown that relativistic
effects can account for nearly half of the
bond energy. The careful experimental
work on relativistic effects should provide
a touchstone for theory in this area, which
is still in an early stage of development.

The outstanding level of innovation
and broad range of topics is matched by
Prof. Schwarz’ remarkable productivity.
Between 1972 and 2000 Prof. Schwarz
has been author or coauthor on nearly
750 publications in peer-reviewed jour-
nals. His contributions have been recog-
nized with several honorary doctorates —
the most recent from the Israel Institute
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of Technlogy TECHNION, membership
in many scholarly societies, as well as
prizes such as the Otto Bayer Prize
(1989), the Leibniz research award, the
Liebig Medal (1998), and the Lise-Meit-
ner-Alexander von Humboldt-Award
(1997), to mention only a few of the most
significant.
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Intrinsische Eigenschaften zur Rolle
der elektronischen Struktur von Uber-
gangsmetallen bei der Aktivierung ‘iner-
ter’ Bindungen lassen sich heute in Gas-
phasenexperimenten unter Benutzung
verschiedenster massenspektrometrischer
Methoden studieren, so dass — bei Kom-
bination der experimentellen Ergebnisse
mit einem dem jeweiligen Problem ange-
passten Niveau von Elektronenstruktur-
berechnungen — ein ziemlich detailliertes
Bild des mechanistischen Szenarios ent-
worfen werden kann.

In der Vorlesung wurde das Potential
dieses Konzept durch drei Beispiele ver-
deutlicht:

— Das Konzept einer ‘remote functiona-
lization’, d.h. die Aktivierung von
thermochemisch mehr oder weniger
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Institut fir Organische Chemie

Technische Universitat Berlin

Strasse des 17. Juni 135

D-10623 Berlin

Tel.: +49 30 314 23483
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identischen C-H-Bindungen in einer
flexiblen Alkylkette durch ‘nackte’
Ubergangsmetall-Ionen enthalt fast
alle Kennzeichen, die auch fiir analo-
ge Prozesse unter enzymatischen Be-
dingungen typisch sind, ndmlich, das
Andocken des kationischen Metalls
an eine funktionelle Gruppe des Sub-
strates, die Verkleinerung seines
Konformationsraumes (‘Immobilisie-
rung’) durch intramolekulare Solvati-
sierung des Kations und schliesslich
der eigentliche Aktivierungsschritt
durch eine Elektrontransfer-Reaktion.
Unerwartete regio- und stereochemi-
sche Priferenzen, wie auch Wechsel
der Reaktionsmechanismen durch Me-
tallvariation, scheinen heute — nicht
zuletzt durch eine Hierarchie verléss-
licher Elektronenstrukturberechnun-
gen — qualitativ erklarbar zu sein [1].

— Die besondere Rolle von 5d-Elemen-
ten in Katalyseprozessen wird am
Beispiel der Methan-Funktionalisie-
rung verdeutlicht, und hier sind es be-
sonders die grossen relativistischen
Effekte, die die Chemie dieser Ele-
mente von der der 3d- und 4d-Ele-
mente prinzipiell unterscheiden. Ne-
ben dem Nachweis von beispiellos
hohen Metall-Kohlenstoff-Bindungs-
energien gilt besondere Aufmerksam-
keit der erstmaligen Demonstration
von katalytischen Varianten in lon-
Molekiilreaktionen, bei denen auf ei-
nem strikt molekularen Niveau die
thermochemischen, kinetischen und
mechanistischen Details der einzel-
nen Elementarschritte — in beispiels-
weise der Kupplung von CH, und
NH; zu HCN - bestimmt werden
konnten [2].

— Gasphasenreaktionen von biniren
Metalloxiden mit einfachen Substra-
ten wie H,, CH, oder Benzol liefern
Ergebnisse, die mit existierenden me-
chanistischen Konzepten nicht erklir-
bar sind, sondern einen Paradigmen-
wechsel erzwingen, der dadurch ge-
kennzeichnet ist, dass bei vielen me-
tallvermittelten Oxidationen (aber
nicht nur bei ithnen) der Reaktionsver-
lauf massgeblich durch Spin-Bahn-
Kopplungen bestimmt wird (‘Two-
state Reactivity’). Es scheint, dass
dieses Konzept nicht nur bei (schein-
bar) einfachen Atom-Ubertragungs-
prozessen eine zentrale Rolle spielt,
sondern auch hilft, eine konzisere Be-
schreibung enzymatischer Prozesse,
wie z.B. der P-450 vermittelten Oxy-
genierung von Kohlenwasserstoffen,
zu liefern [3].

a) H. Schwarz, Acc. Chem. Res. 1989, 22,
282; b) D. Schroder, C. Heinemann, W.
Koch, H. Schwarz, Pure Appl. Chem. 1997,
69, 273; ¢) M.C. Holthausen, G. Hornung,
D. Schroder, S. Sen, W. Koch, H. Schwarz,
Organometallics 1997, 16, 3135.
[2] a) M. Paviov, M.R.A. Blomberg, P.EM.
Siegbahn, R. Wesendrup, C. Heinemann,
H. Schwarz, J. Phys. Chem. A 1997, 101,
1567; b) M. Diefenbach, M. Bronstrup,
M. Aschi, D. Schroder, H. Schwarz, J. Am.
Chem. Soc. 1999, 121, 10614, c) M. Bron-
strup, D. Schroder, 1. Kretzschmar, H.
Schwarz, J. Harvey, J. Am. Chem. Soc.
2001, /23, 42.
a) S. Shaik, M. Filatov, D. Schrider,
H. Schwarz, Chem. Eur. J. 1998, 4, 193; b)
D. Schroder, S. Shaik, H. Schwarz, Acc.
Chem. Res. 2000, 33, 139: c) N. Harris,
S. Shaik, D. Schridder, H. Schwarz, Helv.
Chim. Acta 1999, 82, 1784.
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