Octahedral versus trigonal prismatic rearrangements
in MoF¢; and WFderivatives.

Inaugural-Dissertation

zur Erlangung der Doktorwiirde
des Fachbereichs Biologie, Chemie, Pharmazie
der Freien Universitit Berlin

vorgelegt von

Gustavo Santiso Quiiiones.
aus Guatemala

Berlin, November, 2004



Erster Gutachter: Prof. Dr. K. Seppelt.
Zweiter Gutachter: PD Dr. D. Lentz.
Tag der Disputation: 10/01/2005



This work was completed under the supervision of
Prof. Dr. K. Seppelt
at the Institute of Inorganic and Analyitic Chemistry

of the Freie Universitit Berlin.

Acknowledgements

I would like to thank Professor Dr. K. Seppelt for giving me the chance to do
inorganic research at his work group, for the whole discussions and especially for the

interesting ideas of this project.

Thanks are also due to: Professor Dr. G. Haegele from the Duesseldorf
Universitit, who showed me how to use the NMR simulation program, provided me
valuable and interesting information about the DNMR spectroscopy, and especially
for presenting my results in a Nuclear Magnetic Resonance conference on behalf of
me and Prof. Dr. K. Seppelt. Professor Dr. S. Alvarez who provided me the program
SHAPE and taught me how to use it.

I would also like to thank my colleagues who helped me during the synthesis
and interpretation of my results, and for the nice working atmosphere built over the
last years. Especially thanks are due to Dr. Helmut Poleschner, Dr. Stefan Seidel, Dr.

Stefan Willemsen and Dr. Sandra Fundel

To the students who helped me with the synthesis of some of the complexes:

Hashem Shorafa, Torsten Sievers, Agnieszka Kraszewska.

To all other people of the Inorganic building who provided me valuable

services during my research time.

My family which supported me at all times from the other side of the world

and all my friends who helped me and supported me while I was here in Berlin.

At last, but not least, to our Creator: God, for giving me all what I have now.



With this research work the following publication, presentations and poster were

done:

Publication:

MoF¢ and WFgnon rigid molecules?
G. Santiso Quifiones, G. Haegele, K. Seppelt. Chem. Eur. J. 2004, 10, 4755-4762.

Oral presentations:
Experimental proof for the octahedral versus trigonal prismatic rearrangement.

14* European Symposium on Fluorine Chemistry,

July 11-16"™, Poznan, Poland, 2004.

Experimental proof for the octahedral versus trigonal prismatic rearrangement.
36" International Conference on Coordination Chemistry (ICCC).

July 18—23rd, Mérida, México, 2004.

Experimental proof for the octahedral versus trigonal prismatic rearrangement.
11. Deutscher Fluortag
September 27—29“1, Schmitten, Deutschland, 2004.

Poster:

YF.NMR spectra on non-rigid metal complexes LMF

Poster presented by Prof. Dr. G. Haegele.

Australian-New Zeland Magnetic Resonance Group, ANZMAG.
February 15—19“‘, Barosa Valley, Australia, 2004.



“The lowest and highest coordination numbers found
in “typical” coordination compounds are 2 and 9 with the

intermediate number 6 being the most important”

J. E . Huheey, 1993.



Summary

Summary

DFT calculations performed on MoFs and WFg revealed that the octahedral-trigonal
prismatic—octahedral rearrangement (O,—D3,—0p) has a relatively low energy barrier
(6-10 kcal mol™"). Experimental evidence using dynamic '’F NMR spectroscopy on
complexes of the type FsM—OR where M = Mo or W and R = —CH,CF3;, —Cg¢Fs, and
—C(CF3);3 confirmed these predictions. At room temperature or below these complexes
present in the '"F NMR spectroscopy an AB4-type spectrum typically for octahedral
structures. At higher temperatures the non-equivalent metal-bonded fluorine atoms
undergo exchange. Experimental evidence supports the intramolecular exchange for such
species. The '"F NMR spectra at different temperatures for all studied complexes were
simulated successfully using the program gNMR. Two intramolecular exchange
mechanisms can be used for the simulations, namely a 3:3 process (Bailar twist) and the
2:4 mechanism. Both mechanisms are experimentally undistinguishable, from theoretical

calculations the preferred mechanism is the Bailar twist.

Theoretical calculations on species of the type FsM—-CgXs (M = Mo or W, X = H or F)
predicted in most of the cases a trigonal prismatic geometry as the ground state.
Attempts to synthesize such complexes, as well as species of the type FsM—-SCF;
(M = Mo or W) were undertaken. From theoretical calculations on the latter even a lower
energy barrier for the O;,—D3,—0;, rearrangement than for the corresponding alkoxy and
phenoxy derivatives is predicted. Attempts to synthesize such complexes were

unsuccessful.
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