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In Control with Light

Ben. L. Feringa

University of Groningen, Stratingh Institute for Chemistry, Faculty of Science and
Engineering, Nijenborgh 4, 9747 AG, Groningen, The Netherlands.

e-mail:b.l.feringa@rug.nl

From the process of vision to the conversion of carbon dioxide in photosynthesis Nature
has exploited the power of photochemical conversions in a remarkable way. Controlling
reactivity with light offers tremendous opportunities as is highlighted among others by
recent developments in photovoltaics, photo-redox catalysis in synthesis or light powered
responsive materials.

In this lecture the use of light to control reactivity and motility in molecular, supramolecular
and mesoscopic systems is illustrated. Exploring photochemical space, recent advances
towards very fast photochemical click transformations, green photochemical based
processes for materials and the use of light to induce responsive functions and progress
in order to control rotary motion are discussed. The design, synthesis and functioning of
molecular switches and rotary molecular motors will be presented with a prospect toward
future dynamic molecular systems. In particular, recent approaches to control rotary
speed through molecular design, tuning the excitation wavelengths and the efficiency of
molecular motors are discussed.

Vision statement “Materials in Motion”: Adv. Mater. 2020
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Early Detection of Cancer by Metabolic Imaging

Rainer Hergeslal
el Institute for Organic Chemistry, Kiel, Germany

rherges @oc.uni-kiel.de

The transition of a healthy cell to a cancer cell starts with the change of energy metabolism
long before the cells proliferate uncontrollably and lead to anatomical changes (tumors,
metastases) that can be visualized by conventional imaging. In particular, lactate/pyruvate
metabolism is considered a hall-mark for cancer (Warburg effect). To detect cancer by
metabolic imaging the sensitivity of magnetic resonance imaging (MRI) has to be
increased by at least 5 orders of magnitude. This cannot be achieved by increasing the
magnetic field strength. Hyperpolarization is currently the only method to achieve the
necessary signal-to-noise ratio. The most commonly used method at present is DNP
(dynamic nuclear polarization). For this, the sample (pyruvate) together with an organic
radical is cooled to <1K in a strong magnetic field and irradiated with microwaves for about
2h to transfer the hyperpolarization of the electrons to that of 13C. The hyperpolarization
has a half-life (T+ time) of ~2 min. The sample is then very quickly warmed to room
temperature and injected into the patient. Several clinical studies have shown that this
approach can be used to reliably detect prostate cancer and other types of cancer at a
very early stage. However, the DNP method is so laborious and expensive that it is unlikely
to find its way into clinical practice.

We take a different, much simpler approach to hyperpolarization. We use the spin
order of para-hydrogen, transfer it as hyperpolarization to the 13C in 1-position of vinyl
pyruvate, hydrolyze the ester and obtain hyperpolarized pyruvate. The process is much
faster, simpler and less complex than DNP. We achieve hyperpolarization of up to 30%,

which is sufficient for metabolic MRI.

[1] A.N. Pravdivtsev, F. Ellermann, A. Sirbu, A. Brahms, C. Assaf, R. Herges, and J.-B. Hovener,
Nature Commun, accepted for publication
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Accelerating Advances in Catalysis — Concepts, Insights,
Strategies

Franziska Schoenebeck,!
[[lRWTH Aachen University, Institute of Organic Chemistry, Landoltweg 1, 52074
Aachen, Germany
franziska.schoenebeck @rwth-aachen.de

Modern catalytic strategies frequently rely on substantial optimization and high throughput
screening for the identification of optimal conditions. To reach the next frontier in the
construction of molecules via automation and programmable synthetic approaches, novel
and fully orthogonal catalysis regimes are imperative to enable synthetic manipulations in
an orthogonal manner to established bond forming approaches and associated catalysis
regimes. This talk will give insights and developments towards this goal from our
laboratory. The focus will be on multinuclear palladiuml'l and nickel catalysis(? of oxidation
state (l), the exploration of organogermanesi® as coupling partner as well as strategies to

accelerate the identification of new catalysts!4l with data science.

[1] C. Fricke, T. Sperger, F. Schoenebeck, Angew. Chem. Int. Ed. 2021, 60, 3355.

[2] A. Kapat, S. Sperger, S. Guven, F. Schoenebeck, Science 2019, 363, 391.

[38] A. Dahiya, A. G. Gevondian, F. Schoenebeck, J. Am. Chem. Soc. 2023, 145, 7729.

[4] J. Hueffel, T. Sperger, |. Funes-Ardoiz, J. Ward, K. Rissanen, F. Schoenebeck, Science 2021,
374, 1134.
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The Factors Determining Reactivity in Nucleophilic
Substitution

Einar Uggerud
Department of Chemistry, University of Oslo

einar.uggerud @kjemi.uio.no

The SN2 reaction has been studied in solution for more than a century and constitutes a
cornerstone of structural and mechanistic chemistry. For the last five decades—in
particular with the introduction of increasingly more advanced methods for mass
spectrometric experimentation and quantum chemical calculation—it has become
possible to obtain highly accurate descriptions of the energy landscapes!'l that determine
the dynamics and kinetics of Sn2 reactions in the isolated gas phase and in cluster models,
simulating also solution behaviour. In this talk we will discuss selected prototypical gas
phase reactions, and report structure/reactivity relationships of Sn2 reactions linking

reactivity, thermochemistry and chemical bonding.

[1] For recent reviews, see: E. Uggerud, in: I. Williams, N. Williams (Eds.) Adv. Phys. Org.
Chem. 2017, 51, 1-57; T. A. Hamlin, M. Swart, and F. M. Bickelhaupt,
ChemPhysChem 2018, 19, 1315 — 1330.
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Mechanisms of Emergence
in the Approach Toward De-Novo Life

Sijbren Otto,[al
lal University of Groningen, Groningen, the Netherlands
s.otto@rug.nl

How the immense complexity of living organisms has arisen is one of the most intriguing
questions in contemporary science. We have started to explore experimentally how
organization and function can emerge from complex molecular networks in aqueous
solution. We focus on networks of molecules that can interconvert, to give mixtures that
can change their composition in response to external or internal stimuli. Molecular
recognition within or between molecules in such mixtures leads to their mutual
stabilization, which drives the synthesis of more of the privileged structures (see Figure).
As the assembly process drives the synthesis of the very molecules that assemble, the
resulting materials can be considered to be self-synthesizing. Intriguingly, in this process
the assembling molecules are replicating themselves, where replication is driven by self-
recognition of these molecules in the

,’ jr—
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representing a first step towards metabolism.8! Rudimentary Darwinian evolution of these
systems has been achieved@ and the prospect of synthesizing life de-novo is becoming
increasingly realistic./4!

[1] J.M.A. Carnall, C.A. Waudby, A.M. Belenguer, M.C.A. Stuart, J.J.-P. Peyralans, S. Otto, Science
2010, 327, 1502.

[2] K. Liu, A. Blokhuis, C. van Ewijk, A. Kiani, J. Wu, .W.H. Roos, S. Otto Nat. Chem. 2023, in press.

[3] (a) G. Monreal Santiago, K. Liu, W.R. Browne, S. Otto, Nat. Chem. 2020, 12, 603. (b) J. Ottelé,
A.S. Hussain, C. Mayer, S. Otto, Nat. Catal. 2020, 3, 547.

[4] P. Adamski, M. Eleveld, A. Sood, A. Kun, A. Szilagyi, T. Czaran, E. Szathmary, S. Otto, Nat.
Rev. Chem. 2020, 4, 386.
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Concerted and Stepwise Cycloadditions: Applications to
Medicinal Chemistry and Particle Physics

Fernando P. Cossiola*!
lal University of the Basque Country (UPV/EHU), 20018 San Sebastidn/Donostia, Spain
IbI Donostia International Physics Center (DIPC), 20018 Donostia/San Sebastian, Spain
fp.cossio@ehu.es

Different cycloadditions that yield cyclic compounds of biological or photophysical interest
will be presented in this lecture. In all these examples, a combined computational and
experimental approach has been used.

The concerted or stepwise formal (3+2) cycloaddition between azomethine ylides
(formed in situ from the corresponding imines) and n—deficient alkenes will also be
discussed. In our group, we have developed different catalysts to promote this reaction.!'l
The (3+2) cycloadducts thus prepared are unnatural prolines that can generate anticancer
compounds of type 1.1& This reaction has been extended to biopolymers such as DNA and
CTPR proteins to generate artificial Huisgenases.?!

We have also explored higher order (8+2) cycloadditions to generate fluorescent
indicators of type 2 that capture Ba2+ cations produced in the Xe-136—Ba-1362++2e-
neutrinoless double beta decay nuclear reaction. This process could eventually
demonstrate that the neutrino is its own antiparticle, thus explaining the matter-antimatter

asymmetry in the Universe.[45]

2 0
Aﬁ(RZ H\/©)‘\NHOH Q o/ \—\X
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[1] M. de G. Retamosa, A. Ruiz-Olalla, M. Agirre, A. de Cozar, T. Bello, F. P. Cossio, Chem. Eur. J.
2021, 27, 15671, and previous references therein.
[2] E. Conde, I. Rivilla, A. Larumbe, F. P. Cossio, J. Org. Chem. 2015, 80, 11755.
[3] I Rivilla, M. Odriozola-Gimeno, A. Aires, A. Gimeno, J. Jiménez-Barbero, M. Torrent-Sucarrat, A.
L. Cortajarena, F. P. Cossio, F. P. J. Am. Chem. Soc. 2020, 142, 762.
[4] Rivilla, I.; Aparicio, B.; Bueno, J. M.; Casanova, D.; Tonnelé, C.; Freixa, Z.; Herrero, P.; Rogero,
C.; Miranda, J. |.; Martinez-Ojeda, R. M.; Monrabal, F.; Olave, B.; Schéfer, T.; Artal, P.; Nygren,
D.; Cossio, F. P.; Gobmez-Cadenas, J. J. Nature, 2020, 583, 48-54.
[5] Herrero-Gémez, P.; Calupitan, J. P.; llyn, Berdonces-Layunta, M. A.; T. Wang., de Oteyza, T. G.
G.; Corso, M.; Gonzéalez-Moreno, R.; Rivilla, I., Aparicio, B., Aranburu, A. |.; Freixa, Z.; Monrabal,
F.; Cossio, F. P.; Gbmez-Cadenas, J. J.; Rogero, C. Nat. Commun. 2022, 13, 7741
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Photochemistry & Organocatalysis: New Radical

Opportunities

Paolo Melchiorrelal
lal Dept. of Industrial Chemistry ‘Toso Montanari’, University of Bologna
Via Piero Gobetti 85, 40129 Bologna — Italy

p.melchiorre @unibo.it

The chemical reactivity of electronically excited molecules differs fundamentally from that
in the ground state. This is the underlying reactivity concept of photochemistry,['l which
has traditionally allowed the development of unique chemical transformations not
achievable via conventional ground-state pathways. For example, an excited-state
molecule is both a better electron-donor (i.e. a better reductant) and electron-acceptor (i.e.
a better oxidant) than in the ground state. This explains why the light excitation of organic
molecules can unlock unconventional reactivity manifolds.

In this context, our laboratory has been exploring the potential of some organocatalytic
intermediates to directly reach an electronically excited state upon visible-light absorption
to then switch on novel catalytic functions that are unavailable to ground-state
organocatalysis.[?l Studying the mechanisml?! of these photochemical approaches allowed
us to expand the synthetic possibilities offered by the excited-state reactivity of

organocatalytic intermediates and to develop enantioselective radical processes.!“l

[1] V. Balzani, P. Ceroni, A. Juris, Eds. in Photochemistry and Photophysics, Wiley-VCH, 2014.

[2] a) E. Arceo, I. D. Jurberg, P. Melchiorre, Nat. Chem. 2013, 5, 750; b) J. J. Murphy, D. Bastida, S.
Paria, M. Fagnoni, P. Melchiorre, Nature 2016, 532, 218; c) M. Silvi, C. Verrier, Y. Rey, L. Buzzetti,
P. Melchiorre, Nat. Chem. 2017, 9, 868; d) B. Schweitzer-Chaput, M. A. Horwitz, E. de Pedro
Beato, P. Melchiorre, Nat. Chem. 2019, 11, 129.

[3] L. Buzzetti, G. E. M. Crisenza, P. Melchiorre, Angew. Chem., Int. Ed. 2019, 58, 3730.

[4] M. Silvi, P. Melchiorre, Nature 2018, 554, 41.
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Mechanistic Evaluation of Bis-aminocyclopropenylidenes as
Nucleophilic Organocatalysts

AnnMarie C. O’Donoghuell
lal Durham University, South Road, Durham DH1 3QX, UK
annmarie.odonoghue @durham.ac.uk

Bis(amino)cyclopropenylidenes 1 (BACs) have recently shown promise as nucleophilic
organocatalysts for acyl anion and extended umpolung reactions owing to their orthogonal
chemoselectivities to the well-studied N-heterocyclic carbenes (NHCs).['1 Alkyl amino
BACs efficiently promote the challenging intermolecular Stetter reaction (Fig. 1) with
minimal contribution from a competing benzoin reaction even with more ‘difficult’ Stetter
acceptors such as B-alkyl substituted-(a,B-unsaturated)-ketones. We report our synthetic,
structural and kinetic evaluation of BAC-catalysed benzoin and Stetter reactions including
the isolation of the common first intermediate on the reaction pathway of both
transformations. Comparison with our earlier studies of the analogous NHC-catalysed
processesl? enables mechanistic insight into the two classes of nucleophilic
organocatalyst. We additionally report our kinetic evaluation of the proton transfer
reactions of the bis(amino)cyclopropenium conjugate acids 2, commonly used as pre-
catalysts for 1, which may be compared with the protofugalites of a broad range of
conjugate acid pre-catalysts of NHCs.

Fig. 1: Organocatalysis of the Stetter reaction.

N ! precatalyst
A : i precatalyst Et;N NEt,
RoN NR; | BAC or NHC \%/
L ATTH S Toomoiw) A0 o
1 ! + b
! DBU. BAC
B o CH,Cl, FEt Ph
+ BF,4 1 /\)J\ ) O:N@
[ = Ph BAC, 95% yield N N c
| oo
i % Vi 6Fs
R>N NR, | Ar = 4-MeO,CCeH, NHC, 5% yield \H(
? | NHC

[1] (a) M. R. Khalkhali, M. M. D. Wilde and M. Gravel, Org. Lett. 2021, 23, 155; (b) M. M. D. Wilde
and M. Gravel, Angew. Chem. Int. Ed., 2013, 52, 12651.

[2] (a) J. Zhu, I. Moreno, P. Quinn, D. S. Yufit, Lijuan Song, C. M. Young, Z. Duan, M. Hall, M. R.
Probert, A. R. Tyler, P. Waddell, A. D. Smith and A. C. O’'Donoghue, J. Org. Chem., 2022, 87,
4241; (b) R. S. Massey, J. Murray, C. J. Collett, J. Zhu, A. D. Smith and A. C. O'Donoghue, Org.
Biomol. Chem., 2021, 19, 387; (c) Z. Duan, C. M. Young, J. Zhu, A. M. Z. Slawin, A. C.
O’Donoghue and A. D. Smith, Chem. Sci., 2023, 14, 162.
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Exploring Chemical Glycosylation Reactions: et
Can We Control Them?

Thomas Hansenll
lal Department of Chemistry and Pharmaceutical Sciences,
Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
t.hansen@vu.nl

The synthesis of complex carbohydrates is of paramount importance for medical and
biological research. The principal challenge in the chemical synthesis of carbohydrates is
the stereoselective installation of glycosidic bonds. Glycosidic bonds, uniting two building
blocks to form more complex carbohydrates, can either exist as 1,2-cis or 1,2-trans
diastereomers, and the nature of the linkage has a profound influence on the structure and
function of the carbohydrates. Insufficient knowledge of the operative mechanism of the
glycosylation reaction at the molecular level thwarts its rational development. Therefore,
we used state-of-the-art computational and experimental techniques to obtain critical
insight into the reaction mechanism. We found that glycosyl cations can act as key reactive
intermediates and mapped clear structure-reactivity-stereoselectivity relationships for
these species. The insights gained in these studies paved the way to synthesize a set of
highly complex mycobacterial glycolipids (Figure 1), delivering more and more complex

glycans to fuel glycobiological and glycomedical research.!']

Figure 1. Mapping the behavior of glycosyl cations by computational and experimental
techniques to understand these reactive intermediates in the assembly of complex
carbohydrates.

[1] T.Hansen, T. P. Ofman, J. G. C. Vlaming, et. al., Angew. Chem. Int. Ed., 2021, 60, 937.
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Catalyst Control in Complex Natural Product Synthesis

Darren J. Dixon
University of Oxford, Oxford, United Kingdom
darren.dixon@chem.ox.ac.uk

The identification, optimisation and use of new chiral catalysts and catalytic systems to
bring about new reactivity and impart high levels of stereocontrol in the key
enantiodetermining bond forming step of some complex natural product syntheses will be
presented. The scope of the arising methodologies, the route to the target molecules and
the origin of the stereoselectivity as revealed by computational calculations using DFT will

also be presented.['2]

Catalyst Control

— Total Synthesis

Computational Insight

madangamine E himalensine A

[1] S. Shiomi, B. D. Shennan, K. Yamazaki, A. L. Fuentes de Arriba, D. Vasu, T. A. Hamlin and D. J.
Dixon, J. Am. Chem. Soc., 2022, 144, 1407-1415.

[2] R. Kucéra, S. R. Ellis, K. Yamazaki, J. Hayward Cooke, N. Chekshin, K. E. Christensen, T. A.
Hamlin, D. J. Dixon, J. Am. Chem. Soc. 2023, 145, 5422-5430.
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The Pauli Repulsion Lowering Concept in Catalysis

Israel Fernandezl@l
lal Departamento de Quimica Organica, Facultad de Ciencias Quimicas, Universidad
Complutense de Madrid, 28040-Madrid, Spain
israel@quim.ucm.es

In this talk, we will summarize our recently proposed “Pauli-repulsion lowering” concept as
a novel physical mechanism governing the catalysis in fundamental processes in organic
chemistry such as the Diels-Alder cycloaddition reaction or the Michael addition
reaction.l12]

With the help of the Activation Strain Model of reactivity combined with the Energy
Decomposition Analysis method,i®! we found that the traditional LUMO-lowering catalysis
concept, based on qualitative frontier molecular orbital (FMO) theory, is rather incomplete
and cannot be used to rationalize the mode of activation of catalysts in these
transformations. Instead, the catalyst induces a significant polarization in one of the
reactants which reduces the two-orbital, four-electron Pauli-repulsion between the
involved reagents. This becomes the ultimate physical factor responsible for the

acceleration of the catalyzed reaction as compared to the uncatalyzed reaction.

[1] Representative examples: (a) T. A. Hamlin, |. Fernandez, F. M. Bickelhaupt, Angew. Chem. Int.
Ed. 2019, 58, 8922; (b) P. Vermeeren, T. Hamlin, I. Fernandez, F. M. Bickelhaupt, Angew. Chem.
Int. Ed. 2020, 59, 6201; (c) P. Vermeeren, T. Hamlin, . Fernandez, F. M. Bickelhaupt, Chem. Sci.
2020, 71, 8105; (d) H. A. Rodriguez, D. A. Cruz, J. |. Padron, I. Fernandez, J. Org. Chem. 2023,
88, 11102.

[2] T. A. Hamlin, F. M. Bickelhaupt, |I. Fernandez, Acc. Chem. Res. 2021, 54, 1972.

[3] I. Fernandez, F. M. Bickelhaupt, Chem. Soc. Rev. 2014, 43, 4953.
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Folding single polymer chains into functional materials

Anja Palmans
Supramolecular Chemistry and Catalysis
Department of Chemical Engineering and Chemistry
TU Eindhoven, 5600 MB Eindhoven, The Netherlands
a.palmans @tue.nl

Inspired by proteins, we investigate the single-chain folding of synthetic polymers into
defined 3D structures using a combination of solvophobic and hydrogen-bonding
interactions.['l Benzene-1,3,5-tricarboxamides (BTAs) are applied as the structuring motif
to induce single chain folding.[? In water, we observe that the balance between
hydrophobic, structuring and hydrophilic moieties is crucial to obtain compact, stably
folded polymer conformations of nanometre-size.l®! Preferred global conformations of the
nanoparticles can be stabilized by using additional chemical crosslinks via light-induced
reactions, affording stable and fluorescent nanoparticles.i*5! The hydrophobic interior of
the nanoparticles also allows to entrap catalysts, covalently or physically.[7] Together with
the concentrator effect, where hydrophobic substrates accumulate in hydrophobic
compartments in water,8] substrates are rapidly converted to products, even in complex,

cellular media.

[1]  S. Wijker, A.R.A. Palmans, Chempluschem, DOI:10.1002/cplu.202300260.

[2]  S. Cantekin, T.F.A. de Greef, A.R.A. Palmans, Chem. Soc. Rev., 2012, 41, 6125.

[8] G.M. ter Huurne, L.N.J. de Windt, Y. Liu, E.W. Meijer, |.K. Voets, A.R.A. Palmans,
Macromolecules, 2017, 50, 8562.

[4] S. Wijker, L. Deng, F. Eisenreich, |.K. Voets, A.R.A. Palmans, Macromolecules, 2022, 55,
6220.

[5] S. Wijker, R. Monnink, L. Rijnders, L. Deng, A.R.A. Palmans, Chem. Commun., 2023, 59,
5407.

[6] A. Sathyan, T. Loman, L. Deng, A.R.A. Palmans, Nanoscale, 2023, 31.

[7]1  A. Sathyan, S. Croke, A. M. Pérez-Lépez, B.F.M. de Waal, A. Unciti-Broceta, A.R.A. Palmans,
Mol. Syst. Des. Eng., 2022, 7, 1736.

[8] M. Artar, E.R.J. Souren, T. Terashima, E.W. Meijer, A.R.A. Palmans, ACS Macro Lett., 2015,
4, 1099.
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En route to more energy efficient silicon hydrides
using molecular catalysis

Thibault Cantat, Gabriel Durin, Clément Chauvier, Arnaud Imberdis, Pierre Thuéry,
Alexis Mifleur, Emmanuel Nicolas, Jean-Claude Berthet
NIMBE, CEA, CNRS, Université Paris-Saclay, 91191 Gif-sur-Yvette, France
thibault.cantat@cea.fr

Hydrosilanes are useful compounds for the production of a variety of organosilicon
compounds through hydrosilylation of alkenes or dehydrocoupling reactions.['.21 They also
promote, in mild conditions, the reduction of functional groups such as estersl34 or
amidesl®! with high selectivity. In comparison with apolar dihydrogen, the couple
EO(Si(OEt)4()/SiHag (-0.51V vs. NHE) and the polarized and weaker Si-H bond
(BDEsi-+ = 95 kcal.mol-! < BDEn-H= 104 kcal.mol") offer some thermodynamic and
kinetic advantages!® relevant for the reduction of oxygenated chemical feedstocks that
could replace oil in the long run (lignin, plastics and CO3).["-91Because classical routes for
the production of hydrosilanes are energy demanding,[1%11] alternative catalytic syntheses
that would transform Si—X (X = halides, alkoxides) precursors into Si—-H are appealing.
This endeavor has motivated us to explore the synthesis, use, and recycling of energy
efficient surrogates of hydrosilanes, namely silylformates, in hydrosilylation chemistry.[1%-
121 |n addition, our recent findings in hydrogenolysis routes to hydrosilanes will be

presented using transition metal based catalysts as well as metal-free catalysts.[13-15]

[1] B. Marciniec, in Hydrosilylation, Springer, 2009, pp. 159-189.

[2] L. Résch, P. John, R. Reitmeier, in Ullmann’s Encyclopedia of Industrial Chemistry, Wiley, 2000,
pp. 664—669.

[8] H.Li L. C. Misal Castro, J. Zheng, T. Roisnel, V. Dorcet, J.-B. Sortais, C. Darcel, Angew. Chem.
Int. Ed. 2013, 52, 8045.

[4] S. Hosokawa, M. Toya, A. Noda, M. Morita, T. Ogawa, Y. Motoyama, ChemistrySelect 2018, 3,
2958.

[5] S. Das, D. Addis, S. Zhou, K. Junge, M. Beller, J. Am. Chem. Soc. 2010, 132, 1770.

[6] C. Chauvier, T. Cantat, ACS Catalysis 2017, 7, 2107.

[7] L. Monsigny, E. Feghali, J.-C. Berthet, T. Cantat, Green Chem. 2018, 20, 1981.

[8] E. Feghali, T. Cantat, ChemSusChem 2015, 8, 980.

[9] M. Rauch, Z. Strater, G. Parkin, J. Am. Chem. Soc. 2019, 141, 17754.

[10]C. Chauvier, A. Imberdis, P. Thury, T. Cantat, Angew. Chem., Int. Ed. 2020, 59, 14019-14023.

[11]C. Chauvier, T. Godou, T. Cantat, Chem. Commun. 2017, 53, 11697-11700.

[12]C. Chauvier, P. Thuery, T. Cantat, Angew. Chem., Int. Ed. 2016, 55, 14096-14100.

[13]G. Durin, A. Fontaine, J. C. Berthet, E. Nicolas, P. Thuery, T. Cantat, Angew. Chem., Int. Ed.
2022, 61.

[14]G. Durin, J. C. Berthet, E. Nicolas, P. Thuery, T. Cantat, Organometallics 2022, 41, 1786-1796.

[15]G. Durin, J. C. Berthet, E. Nicolas, T. Cantat, ACS Catal. 2021, 11, 10855-10861.
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Geometrically Constrained Lewis Acids and Bases for
Frustrated Lewis Pair Chemistry

Guillaume Berionni
Laboratory of organic reactivity and catalysis, University of Namur
Chemistry Department and Institute of Structured Matter
61, rue de Bruxelles, 5000 — Namur, Belgium
E-mail: guillaume.berionni@unamur.be

Frustrated Lewis pairs and element / ligand bifunctional compounds mimicking the
reactivities of transition-metal complexes are increasingly used as catalysts for small
molecules activations and inert bonds functionalization.['1 Our group has recently devoted
significant efforts towards the development of new classes of boron Lewis superacids with
unique pyramidal geometries featuring unprecedented reactivities toward small
molecules.[? Experimental and computational mechanistic investigations of FLPs
mediated hydrogenations, C-H borylations and alkynes functionalizations proved to be a
powerful strategy to design new frustrated Lewis pairs with unusual structures and

reactivities.[3!

Planar Pyramidal . Intramolecular
Lewis acid Lewis superacid . B/N frustrated
' Lewis pairs
© ol ORI
O - RO
ElementE=N,P, S, Se !

[1] M. A. Légaré, C. Pranckevicius, H. Braunschweig, Chem. Rev. 2019, 14, 8231.

[2] (a) A. Chardon, A. Osi, D. Mahaut, N. Tumanov, J. Wouters, L. Fusaro, B. Champagne, G.
Berionni, Angew. Chem. Int. Ed. 2020, 59, 12402; (b) A. B. Saida, A. Chardon, A. Osi, N.
Tumanov, J. Wouters, B. Champagne, G. Berionni, Angew. Chem. Int. Ed. 2019, 58, 16889; (c)
A. Osi, N. Tumanov, J. Wouters, A. Chardon, G. Berionni, Synthesis, 2023, 55, 347.

[38] (a) A. Osi, D. Mahaut, N. Tumanov, L. Fusaro, J. Wouters, B. Champagne, A. Chardon, G.
Berionni, Angew. Chem. Int. Ed. 2022, 61, e202112342; (b) D. Mahaut, B. Champagne, G.
Berionni, ChemCatChem, 2022, 14, €202200294.
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Indigoid molecular switches and machines

Henry Dube @
[al Friedrich-Alexander Universitat Erlangen-Nurnber, Germany
henry.dube @fau.de

The concept of miniaturization promises almost unlimited possibilities for the development
of advanced and futuristic technology. Be it smart materials, nano- medicine or even
artificial life — for all these areas synthetic chemistry is the ultimate foundation. In this
lecture research on molecular switches and machines will be the central topic to answer
one fundamental question: how can one miniaturize deliberate motions and mechanical
processes and how can such they be controlled and applied? To this end conceptual ideas
spanning synthetic organic, physical, photo, and supramolecular chemistry will be
explored while rediscovering the colorful chemistry of the late 19th and early 20th

century.['.2]

Molecular Photogear

[1] T. Bartelmann, H. Dube, Indigoids in ,Molecular photoswitches. Chemistry, properties and
applications” (2022, 1st Edition, Wiley-VCH, Ed. Z. Pianowski), p. 283.
[2] C. Petermayer, H. Dube, Acc. Chem. Res. 2018, 51, 11583.
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Influence of Mechanical Force and External Pressure on
Chemical Reactivity

Frank De Proftlal
lal Research Group of General Chemistry (ALGC), Vrije Universiteit Brussel (VUB),

Pleinlaan 2, B-1050 Brussels, Belgium.
fdeprof@vub.be

Mechanical activation of single molecules and the application of external pressure to
activate chemical processes have attracted much attention recently. Important questions
emerging are “where” to apply a mechanical force and “what” happens to chemical
reactivity upon application of mechanical forces and pressure.

We aim at answering these questions for simple systems within the framework of
conceptual density functional theory.['l By stretching diatomic molecules, the responses of
reactivity indices were investigated.l? The effect of straining bond angles was probed for
linear and cyclic alkynes, bridging the concept of ring strain and mechanochemistry. Upon
bending, the reactivity of the triple bond increases which is reflected in faster click
reactions between cyclic alkynes and azides, as compared to the linear alkynes.l8l Next,
we explored the mechanical activation of more challenging systems by quantifying the
changes in the potential energy surfaces induced by mechanical stress. As an example,
we discuss the circumvention of the Felkin-Anh diastereoselectivity upon stretching the
ketone with a mechanical pulling force.¥! In a final part, we investigate the effect of
pressure on atomic chemical concepts, such as the electronegativity, hardness and

electrophilicity.[®!
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[1] (@) P. Geerlings, F. De Proft, W. Langenaeker, Chem. Rev. 2003, 103, 1793. (b) S. Liu,
Conceptual Density Functional Theory: Towards a New Chemical Reactivity Theory; Wiley-VCH,
Germany, 2022.

[2] T.Bettens, M. Alonso, P. Geerlings, F. De Proft, Phys. Chem. Chem. Phys. 2019, 21, 7378.

[3] T.Bettens, M. Alonso, P. Geerlings, F. De Proft, Chem. Sci. 2020, 11, 1431.

[4] T.Bettens, M. Alonso, P. Geerlings, F. De Proft, J. Org. Chem. 2023, 88, 2046.

[5] J. Eeckhoudt, T. Bettens, P. Geerlings, R. Cammi, B. Chen, M. Alonso, F. De Proft, Chem. Sci.
2022,13, 9329.
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Reactions in crystals and
limits of the concept of reaction mechanism

Hrvoj Vancik, Ivana Biljan, Igor Roncevic, Petar Bibuli¢
Faculty of Science, University of Zagreb, Zagreb, Croatia
vancik@chem.pmf.hr

Dimerization of aromatic nitroso compounds in crystalline and polycrystalline phase
represents the model for studying the nature of the thermally induced chemical
reactions in solids. Since the rates of these thermally induced reactions are measurable
in the real time, the model opens the opportunity for the evaluation of activation
parameters of solid-state reactions. However, the processes in crystals comprise not
only chemical reactions but also diverse types of phase transformations. Accordingly,
the classical concept of the reaction mechanism, which is normally applied for the
studies of reactions in solution and in the gas phase, is of very limited use in the reactions
in crystals or polycrystalline phases. In this presentation we demonstrate how basically
different kinetic mechanistic models for fitting the kinetic curves of the solid-state
polymerizations of di- and polynitroso compounds provide almost the same activation
parameters!!! In addition, some of the polymers investigated in this study are candidates
for the new type of organic semiconductors. 2!
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[1] Petar Bibuli¢, Igor Roncévié, Mario Spadina, Ivana Biljan, and Hrvoj Vancik, J. Phys.
Chem. A, 2020, 124, 10726.
[2] L. Matasovi¢, B. Pani¢, M. Bubas, H. Vancik, I. Biljan, I. Roncevi¢, Material Chem. C,

2022, 10, 5433.
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New Polar and Radical Methods for the Formation of Carbon-

Phosphorus Bonds: A Mechanistically-Driven Approach
Sami Lakhdarlal
2l CNRS, Université Paul Sabatier, Laboratoire Hétérochimie Fondamentale et Appliquée
(LHFA, UMR5069), 118 Route de Narbonne, 31062 Cedex 09 Toulouse, France.
sami.lakhdar@univ-tise3.fr

Organophosphorus compounds are important scaffolds that have gained tremendous
attention owing to their prevalence in various areas ranging from agriculture to medicine.
Although there are many effective synthetic methods for forming carbon-phosphorus
bonds, some of them are prone to the use of harsh reaction conditions.

The lecture will cover recent developments from our group that aim to provide practically
simple methods for synthesising organophosphorus scaffolds from readily available
phosphorus sources. It will also underline the importance of physical organic tools in

understanding the reaction mechanisms and the design of new transformations.!']

[1] a) V. Quint, F. Morlet-Savary, J.-F. Lohier, J. Lalevée, A.-C. Gaumont, S. Lakhdar, J. Am. Chem.
Soc. 2016, 138, 7436 ; b) V. Quint, N. Chouchéne, M. Askri, J. Lalevée, A.-C. Gaumont, S.
Lakhdar, Org. Chem. Front. 2019, 6, 41 ; c) W. Lecroq, P. Bazille, F. Morlet-Savary, M. Breugst,
J. Lalevée, A.-C. Gaumont, S. Lakhdar, Org. Lett. 2018, 20, 4164. V. Quint, T. H. V. Nguyen, G.
Mathieu, S. Chelli, M. Breugst, J.-F. Lohier, A.-C. Gaumont, S. Lakhdar, ACS Org. Inorg. Au,
2023, 3, 151. e) F. Rammal, D. Gao, S. Boujnah, A. A. Hussein, J. Lalevée, A.-C. Gaumont, F.
Morlet-Savary, S. Lakhdar, ACS Catal. 2020, 10, 13710.
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A Journey to the Land of Polycyclic Aromatic Systems

Renana Gershoni-Porannel@!

lal Technion—Israel Institute of Technology, Technion City, Haifa 32000 Israel
rporanne @technion.ac.il

Polycyclic aromatic systems (PASs) are among the most prevalent and impactful classes
of compounds in the natural and man-made world. Though aromatic systems have
captured the fascination of chemists for almost two centuries, a general conceptual
framework for understanding and predicting the structure-property relationships of
polycyclic systems remains elusive. Yet, the structure-property relationships of PBHs have
both conceptual and practical implications and understanding them can enable design of
new functional compounds. We address this gap using a combination of computational
chemistry and data science tools.

We first interrogated polybenzenoid hydrocarbons using a combination of traditional
computational techniques, including characterization of their aromatic character in the So
and T+ states (described with the NICS metric), their spin density in the T+ state, and their
So—T1 energy gaps. Regularities were revealed that allowed for simple and intuitive
design guidelines to be defined.!']

To verify these guidelines in a data-driven manner, we generated a new database — the
COMPAS Projectl? and developed two types of molecular representation to enable
machine- and deep-learning models to train on the new data: a) a text-based
representation(®! and b) a graph-based representation.!

In addition to their predictive ability, we demonstrate the interpretability of the models that
is achieved when using these representations. The extracted insight in some cases
confirms well-known “rules of thumb” and in other cases disproves common wisdom and
sheds new light on this classical family of compounds.

Finally, we implemented a generative model that design novel PASs with targeted
properties in an effective and efficient manner, demonstrating the first inverse design of
PASs.l5]

[1]1 G. Markert, E. Paenurk, R. Gershoni-Poranne, Chem. Eur. J. 2021, 27, 1.

[2] A. Wahab, L. Pfuderer, E. Paenurk, R. Gershoni-Poranne, J. Chem. Inf. Model. 2022, 62, 3704.

[3] S.Fite, A. Wahab, E. Paenurk, Z. Gross, R. Gershoni-Poranne, J. Phys. Org. Chem. 2022, e4458.

[4] T.Weiss, A. Wahab, A. M. Bronstein, R. Gershoni-Poranne, Interpretable Deep-Learning Unveils
Structure-Property Relationships in Polybenzenoid Hydrocarbons. 2022

[5] T. Weiss, L. Cosmo, E. M. Yanes, S. Chakraborty, A. M. Bronstein, R. Gershoni-Poranne,
ChemRxiv, April 5, 2023.
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n-Conjugated Oligoradicaloids and Anions:
Aromaticity, Magnetism, and Non-covalent Interactions

Marcin Stepien, @l
lal Wydziat Chemii, Uniwersytet Wroctawski, Wroctaw, POLAND
marcin.stepien@uwr.edu.pl

Charge and spin distribution in m-conjugated molecules depends in a complex fashion on
the size topology of the ring system, placement of heteroatoms and molecular curvature.
In large non-benzenoid systems, structure—property correlations become particularly
intricate, showing effects of local and global aromaticity, mixed valence character, and
non-equivalence of spin-interaction pathways. This talk will highlight a variety of m-
conjugated open-shell molecules recently developed by our group, characterized by
linear,[":2 branched,®l macrocyclic,45] or 2D-fused structures.[®! We will show how these
systems respond to changes in spin state and charge and how some of them can be used

for coordination of cations and anions.

[11 M. A. Majewski, P. J. Chmielewski, A. Chien, Y. Hong, T. Lis, M. Witwicki, D. Kim, P. M.
Zimmerman, M. Stepien, Chem. Sci. 2019, 10, 3413-3420.

[2] A. Borissov, P. J. Chmielewski, C. J. Gomez Garcia, T. Lis, M. Stepien,, Angew. Chem. Int. Ed.
2023, Early View, e202309238.

[38] B. Prajapati, M. Ambhore, D.-K. Dang, P. Chmielewski, T. Lis, C. Gébmez-Garcia, P.
Zimmerman, M. Stepien, Nat. Chem. 2023, in press.

[4] H. Gregolinska, M. Majewski, P. J. Chmielewski, J. Gregoliniski, A. Chien, J. Zhou, Y.-L. Wu, Y.
J. Bae, M. R. Wasielewski, P. M. Zimmerman, M. Stepien, J. Am. Chem. Soc. 2018, 140,
14474-14480.

[5] B. Prajapati, D.-K. Dang, P. J. Chmielewski, M. A. Majewski, T. Lis, C. J. Gomez-Garcia, P. M.
Zimmerman, M. Stepien, Angew. Chem. Int. Ed. 2021, 60, 22496-22504.

[6] L. Moshniaha, M. Zyta-Karwowska, P. J. Chmielewski, T. Lis, J. Cybiriska, E. Gorika, J.
Oschwald, T. Drewello, S. M. Rivero, J. Casado, M. Stepien, J. Am. Chem. Soc. 2020, 142,
3626-3635.

24



Q

9,
€W’
ESOR2023

Amsterdam

Surface-mediated organic reactivity:
chemistry on and with the surface

Ralf Tonner-Zech
Wilhelm-Ostwald Institut fir Physikalische und Theoretische Chemie, Leipzig University,
Leipzig, Germany, ralf.tonner@uni-leipzig.de

Molecular chemistry usually does not care about surfaces. Surface science often deals
with small inorganic molecules (e.g., CO, N2) targeting catalysis or focuses on chemically
unreactive larger adsorbates (e.g., porphyrins). We explored the surface chemistry of
organic molecules on semiconductor surfaces in the last decade and discovered many
surprising and unexpected reactivity.

Using computational approaches ranging from density functional theory (DFT) over
molecular dynamics (AIMD) approaches up to modern bonding analysis approaches using
energy decomposition analysis for extended systems (pEDA),'l we could unveil and
quantitatively support the previously proposed concept of the surface as molecular
reagent.?l Nuclear substitution, cycloadditions and dispersion-dominated reactivity have
been discovered for organic reactants on silicon surfaces.[® But the surface can also serve
as more or less innocent platform for organic reactivity. We explored this with the target of
bottom-up construction of hybrid organic-inorganic interfaces in intense collaboration with
experimental UHV-based surface science approaches.“l

In all investigations, we start from understanding experimental data and thrive to achieve
predictive computational results based on quantitative analysis leading to helpful concepts
for the challenging and often unintuitive organic chemistry on and with the surface.

2

. Bond
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Figure. Quantitative bonding analysis helps disentangle organic reactivity on surfaces.

[1] M. Raupach, R. Tonner, J. Chem. Phys. 2015, 142, 194105.

[2] M. A. Filler, S. F. Bent, Prog. Surf. Sci. 2003, 73, 1-56.

[3] L. Pecher, R. Tonner, WIREs Comput. Mol. Sci. 2019, 9, e1401.

[4] T. Glaser, J. Meinecke, L. Freund, C. Langer, J. N. Luy, R. Tonner, U. Koert, M. Dirr, Chem.
Eur. J. 2021, 27, 8082-8087.
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Controlling Chemical Reactivity in Time and Space

Leonard Prins
Department of Chemical Sciences, University of Padova, Italy
leonard.prins @unipd.it

Nature has an extraordinary capacity to process information through the activation of
sophisticated signal transduction pathways. Likewise, the transition of chemistry into an
information science able to translate information from the environment into functional
output requires chemical systems with a differentiated response to different environmental
cues. Here, we show how chemical fuels can be used for the transient upregulation of
chemical reactions in a complex chemical system and show that different fuels can evoke
different responses from the same system. Furthermore, we show that spatial control can

be achieved by delivering chemical fuels locally to an hydrogel matrix.

product A

product B

concentration

time

[1] K. Das, L. Gabrielli, L.J. Prins, Angew. Chem. Int. Ed.2021, 60, 20120-20143

[2] S. Maiti, I. Fortunati, C. Ferrante, P. Scrimin, L. J. Prins, Nat. Chem. 2016, 8, 725-731.

[8] M. A. Cardona, L. J. Prins, Chem. Sci. 2020, 11, 1518-1522.

[4] S. Chandrabhas, S. Maiti, I. Fortunati, C. Ferrante, L. Gabrielli, L. J. Prins, Angew. Chem. Int.
Ed. 2020, 59, 22223-22229.

[5] R. Chen, K. Das, M.A. Cardona, L. Gabrielli, L.J. Prins J. Am.Chem.Soc. 2022, 144, 2010-2018
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A Mechanistic Approach to Nonenzymatic Reduction
Reactions: When Metals Take the Role of Enzymes

Robert J. Mayer.lal Joseph Moranlal
el Institut de Science et d’Ingénierie Supramoléculaires (ISIS), Strasbourg, France
rimayer@unistra.fr

Recent work has shown that simple metals or metal ions can promote multiple reactions
of biochemical metabolism that are typically catalyzed by enzymes.['l Reduction reactions
are essential within biochemical metabolism, but it remains unclear how they emerged
before the availability of enzymes at the origins of life.[?l To address this question, we have
performed a physical-organic investigation on the reduction reactions of carbonyl groups
by the biochemical cofactor NADH (see Figure). By combining high-throughput screening
and statistical reaction optimization, we have identified conditions under which catalytic
amounts of metal ions drastically enhance the reactivity of keto acids enabling their
nonenzymatic reduction by NADH. Kinetic studies, isotope-labeling experiments, and
tracing of side pathways allowed us to establish the mechanism of the reaction. Notably,
the chirality of the hydride donor NADH is partially translated to the products. Extensive
DFT computations allowed us to identify intramolecular hydride transfer within a highly
organized supramolecular structure to be responsible for the observed chirality transfer.
The identified reaction conditions constitute the missing link in enabling nonenzymatic
reductions in early metabolism and are the first example of a reaction where a metal ion
mimicking enzyme function enables chirality transfer of a biochemical reaction.
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surface optimization analysis of side pathways chirality transfer

[1] a) K. B. Muchowska, S. J. Varma, J. Moran, Nature, 2019, 569, 104. b) R. J. Mayer, H. Kaur, S.
A. Rauscher, J. Moran, J. Am. Chem. Soc., 2021, 143, 19099. c) Q. Dherbassy, R. J. Mayer, J.
Moran, J. Am. Chem. Soc., 2023, 145, 13357.

[2] a) J. C. Fontecilla-Camps, Angew. Chem. Int. Ed., 2019, 58, 42. b) J. C. Xavier, S. Kauffman,
Phil. Trans. R. Soc. A., 2022, 380, 20210244
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Ab initio and machine learning chemistry of radical ions

Ganna Gryn'ova,[a b Stiv Llengala. bl
lal Heidelberg Institute for Theoretical Studies (HITS gGmbH), Heidelberg, Germany
8! Interdisciplinary Center for Scientific Computing (IWR), Heidelberg University,
Heidelberg, Germany
ganna.grynova@h-its.org

Organic radical ions are ubiquitous across chemistry and biology, functioning as
intermediates in organic synthesis, charge shuffles in electronic devices, and active forms
in biochemical transformations. Yet, while various approaches exist to quantify and
compare stabilities of neutral radicals, no general scale exists for radical ions. Here, we
will present a scheme for assessing relative stabilities of charged open-shell systems
based on simple thermodynamic quantities and demonstrate its utility for various types of
radical ions. Another limitation in predicting the properties of radical ions arises when
employing popular machine learning techniques: most molecular representations are
unable to distinguish between molecules with identical or similar geometries but different
charges and spins. To address this challenge, we have developed a quantum-inspired
molecular and atomic representation called matrix of orthogonalized atomic orbital
coefficients (MAOC).l MAOC is based on a cost-effective localization scheme that
represents localized orbitals via a predefined set of atomic orbitals. MAOC can uniquely
describe compounds with identical compositions and geometries but distinct charges and
spin multiplicities. We demonstrate the performance of MAOC in conjunction with kernel
ridge regression for two new datasets containing radical ions — N-HPC-1 consisting of N-
heteropolycycles and REDOX consisting of redox-active molecules (e.g., nitroxides,

quinones, cyanides, etc.).

[1] S.Llenga, G. Gryn’ova, J. Chem. Phys., 2023, accepted, DOI: 10.1063/5.0151122.
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Thiemo Arndt,[@ Abhinav Raina,®! Martin Breugstel
lal Chemnitz University of Technology, Chemnitz, Germany
I University of Cologne, Cologne, Germany
martin.breugst@chemie.tu-chemnitz.de

Molecular iodine is known for over a century to be an effective and mild catalyst, yet the
underlying activation mode remained unknown.l'2l Recently, experimental and
computational investigations showed that a halogen-bond activation is the most likely
pathway in Michael additions, Nazarov cyclizations, and Diels-Alder reactions.l?l In
contrast, an iodonium pathway was considered to operate in the iodine-catalyzed
carbonyl-olefin metathesis.

As iodine-catalyzed reactions typically occur under mild conditions, we wanted to probe
the applicability and limitations of iodine catalysis in other synthetically important
transformations. We will discuss the influence of molecular iodine on Claisen
rearrangementst®! and carbonyl-alkyne metatheses. Our experimental and computational
investigations provide new and simple synthetic protocols as well as detailed mechanistic

insights of these reactions.

R#H OH
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Figure 1: Application of iodine catalysis in the [3,3]-sigmatropic rearrangements (top) and
of halogen-bond donors in the carbonyl-alkyne metathesis (bottom).

[1] (a) H. Hibbert, J. Am. Chem. Soc. 1915, 37, 1748—1763. (b) H. Togo, S. lida, Synlett 2006, 2159—
2175.

[2] M. Breugst, D. von der Heiden, Chem. Eur. J., 2018, 24, 9187-9199.

[3] (a) J. J. Kbnig, T. Arndt, N. Gildemeister, J.-M. Neudérfl, M. Breugst, J. Org. Chem, 2019, 84,
7587-7605. (b) D. von der Heiden, S. Bozkus, M. Klussmann, M. Breugst J. Org. Chem. 2017,
82, 4037-4043. (c) T. Arndt, P. K. Wagner, J. J. Koenig, M. Breugst, ChemCatChem, 2021, 13,
2922-2930.

[4] U.P.N. Tran, G. Oss, M. Breugst, E. Detmar, D. P. Pace, K. Liyanto, T. V. Nguyen ACS Catal.,
2019, 9, 912-919.

[5] T.Arndt, A. Raina, M. Breugst, Chem. Asian J. 2023, 18, €202201279.
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Efficient measurements of nucleophilicities

Jason B. Harper,lal Benjamin Smit- Colbranlal
[al School of Chemistry, University of New South Wales, UNSW Sydney 2052, Australia
J.-harper@unsw.edu.au

N-Heterocyclic Carbenes (NHCs) are widely used as nucleophilic organocatalysts, though
structure activity relationships for these compounds are limited:l'l there are only direct
nucleophilicity measurements for seven NHCs.[231 Our group has looked at alternative
ways to indirectly assess nucleophilicity, including pKa values*l and electron donation
measures, bl as direct measurement of nucleophilicity a non-trivial equipment set-up.

We present a new methodology to determine the relative nucleophilicity of NHCs via
competition reactions.ll Based on the simple requirements that no reaction go to
completion and that the extent of reaction is measurable, the reaction of multiple
competing nucleophiles with a single electrophile generates relative rates (and hence
relative nucleophilicities) in a single reaction vessel. This methodology does not need
specialist set-up and is able to measure nucleophilicity parameters rapidly and with
uncertainties generally less than + 0.3. This development allows for the close comparison
of structurally similar NHCs as well as the rapid determination of nucleophilicity for highly

varied nucleophiles.
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[1] M. Pareek, Y. Reddi, R. B. Sunoj, Chem. Sci. 2021, 12, 7973.

[2] B. Maji, M. Breugst, H. Mayr, Angew. Chem. Int. Ed. 2011, 50, 6915.

[38] A.Levens, A.; F. An, M. Breugst, H. Mayr, D. W. Lupton, Org. Lett. 2016, 18, 3566.

[4] J. B. Harper et al., J. Org. Chem. 2017, 82, 7324; Org. Biomol. Chem. 2020, 18, 66 & 1910.

[5] J.B. Harper et al., Chemistry — Methods, 2021, 1, 374; Eur. J. Inorg. Chem. 2021, 47, 4954,
ChemistrySelect 2021, 7, e202104348.

[6] H. M.Y au, A. K. Croft, J. B. Harper, Commun. 2012, 48, 8937.
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In the CORE of Olefination: an Umpolung / Eigenbase Update

Kirill Nikitin,2 Karen Fox,b Anna C. Vetter,2 Declan G. Gilheany2
lal School of Chemistry, University College Dublin, Dublin, IE
bl KelAda Pharmachem Ltd, Dublin, IE
Kirill.nikitin@ucd.ie

The Wittig olefination reaction has just got a very significant makeover. First, the annoying
phosphine oxide by-product can now be used as the starting material. It can be converted
directly to quaternary phosphonium salt, QPS, via new fast and high-yielding “Umpolung
quaternization”.[1] We have eliminated the waste problem and olefinations can be run

using phosphine oxide and avoiding phosphines at the interim stages.
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Second, we have developed novel ion-pair carboxylate reagents containing its own (hence

Eigenbase) endogenous anionic base. The Eigenbase reagents work in the absence of
added bases[2] and this process is hinged on the interplay of structure and function of
phosphonium carboxylate ion pairs in different solvents.[3] The olefinations furnish a range
of alkenes in high yields, no protecting

"
groups are needed. OH

Third, most Eigenbase reagents can be 1

3
D Ry o

Ph,P—" AcO

catalytic Eigen%ase reagent  catalytic

prepared directly from alcohols as shown
in route 1. This variant termed acidic

stoichiometric olefination reaction (SORE)

avoids use of halogen derivatives, bases
and metal salts altogether.[4]

Fourth, we went a step further and have achieved shortcut catalytic cycle 2 and develop

cycle 3. These circular olefination reactions (CORE) are single-step catalytic protocols.
The venerable Wittig-type olefination is done without phosphorus waste, protecting
groups, organic halides, metal salts and bases. Ironically, it is now acid-catalysed.

[1] A.C. Vetter, K. Nikitin, D.G. Gilheany Chem. Comm. 2018, 54, 5843.

[2] A.C. Vetter, K. Nikitin, D.G. Gilheany Org. Lett. 2021, 23, 1457.

[3] A.C. Vetter, J. Muldoon, H. Miller-Bunz, K. Nikitin Synthesis 2022, 1745.
[4] KFox, K. Nikitin, MS in preparation, 2023.
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Activation of E-H bonds (E=0, S, N) at Bicyclic Silanides

Pamela Adienes Benzan Lantigua,@ Serhii Tretiakov,[@l Marc-Etienne Moretlal

lal Organic Chemistry and Catatysis, Institute for Sustainable and Circular Chemistry,
Utrecht University. Universiteitsweg 99, 3584 CG, Utrecht, The Netherlands.
Email: m.moret@uu.nl

To minimize the environmental impact of synthetic chemistry, new catalytic methods
based on non-traditional elements are desirable. High abundancy, low cost, and low
toxicity would make silicon particularly attractive for sustainable catalysis. Promisingly,
reduced Si'' compounds such as silylenes (R2Si:) have been found to activate challenging
chemical bonds, but catalytic cycles relying on the Si(ll/IV) redox couple are exceedingly
rare.[

In contrast to their neutral congeners, the reactivity of silanides (RsSi-) is mostly
nucleophilic, and they are useful synthetic intermediates towards silane derivatives. In this
contribution, we show that incorporation of at the negatively charged Si atom at the
bridgehead position of a bicyclic structurel23] opens new reactive pathways. Namely, E-H
(E=0, S, N) can undergo a formal oxidative addition reaction to form pentacoordinate
hydrosilicates. The mechanism of these reactions is investigated by a combination of
experimental and theoretical methods, and consequences for the future design of Si-

based catalysts are discussed.

@
0 0 s
T3 0%

E/
THForMeCN @ ,f
+ (S

E=0,S,NH

[1] C. Shan, S. Yao, M. Driess, Chem. Soc. Rev. 2020, 49, 6733.
[2] L. Witteman, T. Evers, M. Lutz, M. E. Moret, Chem. Eur. J. 2018, 24, 12236.
[3] S. Tretiakov, L. Witteman, M. Lutz, M. E. Moret, Angew. Chem. Int. Ed. 2021, 60, 9618.
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A fundamental and ubiquitous phenomenon in chemistry is the contraction of the C-H
bond going from, for example, ethane to ethylene to acetylene. As introduced by Linus
Pauling more than 90 years ago,['! and described in most chemistry textbooks,@ this
structural trend originates from the increasing percentage of s-orbital character of the
hybrid orbital, as the carbon atom involved changes in s—p hybridization from sp3 to sp? to
sp. This results in an optimal bond overlap at shorter C—H bond distances. During this talk,
it will become evident that this rationale behind this structural phenomenon is incorrect.
By quantum-chemical bonding analyses based on Kohn-Sham molecular-orbital theory, 8]
I will show that this C—H bond contraction is, in fact, caused by a diminishing steric (Pauli)
repulsion between the substituents around the pertinent carbon atom as the coordination
number of the carbon atom of interest decreases from 4 to 3 to 2 along ethane, ethylene,

and acetylene.

(S a
MM \
=000
ethane ethylene acetylene
long medium short

Figure 1. The contraction of the C—H bond going from ethane to ethylene to acetylene as a
consequence of the diminished steric (Pauli) repulsion between the substituents around the pertinent
carbon atom.

[1] a) Pauling, J. Am. Chem. Soc. 1931, 53, 1367; b) L. Pauling, General Chemistry. W.H. Freeman
& Co., San Francisco, 1970.

[2] a) M. B. Smith, March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure.
Wiley, New York, 2013; b) J. Clayden, N. Greeves, S. Warren, Organic Chemistry, 2nd ed., Oxford
University Press, Oxford, 2012.

[38] a) P. Vermeeren, S. C. C. van der Lubbe, C. Fonseca Guerra, F. M. Bickelhaupt, T. A. Hamlin,
Nat. Protoc. 2020, 15, 649

[4] a) P. Vermeeren, W.-J. van Zeist, T. A. Hamlin, C. Fonseca Guerra, F. M. Bickelhaupt Chem.
Eur. J. 2021, 27, 7074; b) P. Vermeeren, F. M. Bickelhaupt Nat. Sci. 2022, 3, €20220039.
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A Tour to the Upper Limit of Nucleophilicity Scales:
Mesoionic N-Heterocyclic Olefins

A. R. Ofial,[al A. Eitzinger,l J. Reitz,® P. W. Antoni,! H. Mayr,[al M. M. Hansmann(t!
lal Dept. Chemie, Ludwig-Maximilians-Universitat Miinchen, Germany

(bl Fakultat far Chemie und Chemische Biologie, TU Dortmund, Germany
ofial@Imu.de

Electron-donating or -withdrawing substituents strongly influence the reactivity of olefinic
mesystems. The electron-donating effect of the two amino groups in 1,1-diamino-olefins
can be enhanced by embedding them in conformationally rigid N-heterocyclic olefins
(NHOs).l2 In 2020, Hansmann et al. showed qualitatively that the donor properties of
exocyclic =CHz groups in classical NHOs further increase in mesoionic NHOs (mNHOs).El
To determine the nucleophilicity of mNHOs, we investigated the kinetics of mNHO
reactions with reference electrophiles of known electrophilicity E and evaluated the
experimental rate constants k2 by the Mayr-Patz equation (MPE).[45]
Ig k2(20°C) = sn(N + E) (MPE)

This classification shows that mNHOs represent the currently most reactive nucleophiles
on the nucleophilicity (N) scale.l®! The nucleophilicity of mMNHOs correlates well with DFT-
calculated methyl cation affinities which facilitates the design of novel mMNHO structures
with predictable, tailor-made reactivity and affinity towards electrophiles. We will show that

N (and sn) of mMNHOs are a reliable basis for studies of the synthetic potential of mMNHOs.

1,1-Diamino-olefins NHOs mesoionic NHOs (mNHOs)
Dipp Pipp '
@N.N H H i
> [ )—c > \8—0 - =C > .. / CcO!
i Dipp’® Dipp” @ H Dipp’ @ H

Nucleophlllcny’?

[1]1 N. Kuhn, H. Bohnen, J. Kreutzberg, D. Blaser, R. Boese, JCS Chem. Commun. 1993, 1136.
[2] Z.Li, P. Ji, J.-P. Cheng, J. Org. Chem. 2021, 86, 2974.

[8] M. M. Hansmann, P. W. Antoni, H. Pesch, Angew. Chem. Int. Ed. 2020, 59, 5782.

[4] H. Mayr, M. Patz, Angew. Chem. Int. Ed. 1994, 33, 938.

[5] H. Mayr, A. R. Ofial, SAR QSAR Environm. Res. 2015, 26, 619.

[6] For a database of reactivity parameters, see: www.cup.Imu.de/oc/mayr/reaktionsdatenbank?2/.

35



Q

9,
€W’
ESOR2023

Amsterdam

Through-space stabilization of an imidazolium cation by
aromatic rings

Jordi Poater.l2. bl F. Matthias Bickelhaupt,lc. 9 Jie Jian,[el Jasmin Mecinovicle!
lal Universitat de Barcelona, Barcelona, Spain
bIICREA, Barcelona, Spain
[ Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

[4 Radboud University, Nijmegen, The Netherlands
[l University of Southern Denmark, Odense, Denmark
jordi.poater@ub.edu

Noncovalent interactions involving aromatic rings are of great importance in both
molecular and biological recognition. In particular, quantifying the energetics of
intermolecular interactions between aromatic rings and polar functional groups, including
the positively charged functionalities (i.e., cation-m interactions), in biology remains a
challenge. For such aim, 2,6-diaryl aromatic compounds have been used as particularly
suitable model systems for studies of intramolecular polar-m interactions with several
functional groups, such as carboxyl, hydroxyl, thiol, silyl, boronic acid, tetrazole,
sulfonamide, and various anions and cations. The electronic properties of two flanking
rings can be fine-tuned by substituents at the para position.l'l In our most recent work,?
we analyze the noncovalent interactions between the imidazole ring and other functional
groups. We report physical-organic chemistry studies on 2-(2,6-diarylphenyl)-1H-
imidazoles and their protonated forms to investigate the noncovalent interactions between
the central imidazole ring and two flanking aromatic rings possessing substituents at the
para/meta position. Hammett analysis revealed that pKa values and proton affinities
correlate well with Hammett o values of para-substituents at the flanking rings. Additional
quantitative Kohn—Sham molecular orbital and energy decomposition analyses reveal that
through-space 1Tt interactions and NH-t interactions contribute to the intramolecular
stabilization of the imidazolium cation.

609  poMe
L]
5.5 3
p-Me
H
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[1] J. dian, R. Hammink, P. Tinnemans, F. M. Bickelhaupt, J. Poater, J. Mecinovic, Chem. Asian J.
2023, 18, €202300192; J. Jian, R. Hammink, P. Tinnemans, F. M. Bickelhaupt, C. J. McKenzie,
J. Poater, J. Mecinovic, J. Org. Chem. 2022, 87, 6087; J. Jian, R. Hammink, C. J. McKenzie, F.
M. Bickelhaupt, C. J. McKenzie, J. Poater, J. Mecinovic, Chem. Eur. J. 2022, 28, €202104044;
J. Jian, R. Hammink, C. J. McKenzie, F. M. Bickelhaupt, C. J. McKenzie, J. Poater, J. Mecinovic,
Chem. Eur. J. 2021, 27, 5721.

[2] J.Jian, D. Barkhatova, R. Hammink, P. Tinnemans, F. M. Bickelhaupt, J. Poater, J. Mecinovic, J.
Org. Chem. 2023, 87, 7875.
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Oxoammonium salts as mediators in water oxidation
ltzhak Bilkis
Faculty of Agricultural, Food and Environmental Sciences, Hebrew University, Rehovot
76100

itzhak.bilkis @mail. huji.ac.il

Photochemical and electrochemical oxidation of stable nitroxide radicals (I) both result in
formation of oxoammonium cations (Il). At alkaline pH values, above pH 9, the (ll) is
reduced quantitatively to the original (1), with concomitant formation of molecular oxygen.
Volumetric and EPR measurements reveal that about ca. 1 mole of Oz is produced per 4
moles of reduced (Il). This cycle could be repeated many times. The mechanism for
production of oxygen from water in the reaction conditions has not been described before.
In this reverse reaction compound (Il), with a reduction potential (0.8-1.0 V vs NHE),
formally oxidizes the OH-anion, with a very high oxidation potential (2-2.6 V vs NHE); thus,
the direct oxidation reaction seems to be thermodynamically impossible. A plausible
reaction scheme that can resolve this paradox involves reversible addition of OH- to the
(), and deprotonation of the obtained adduct (lll) to (V) with subsequent oxidation to a
free radical intermediate (V). Dimerization of this intermediate (V) produces a peroxide
which spontaneously decomposes to molecular oxygen and two molecules of the original

compound (l).

R R R
N2 -e \* HO \+ OH  HO 0
/N—O E— ) =0 /Ni \[t]/
R (0} 2N
[ Ry R R v©
R 3 _
20+ 20V) —— 20y + 2 ‘Kj/o o) e OTOR
R o R0 g R
v Vi

V) —> 201 + O
EPR experiments, performed in H2'7O, electrochemical measurements, analysis of the

pH-dependence of the reaction, and quantum chemical calculations (B3LYP/6-311+G**

using Spartan 20 package) all support the suggested scheme.
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Understanding the unexpected selectivity in the Rh(ll)

Catalyzed C(sp?®)-H amination of propylbenzene
E. Daiann Sosa Carrizo,l?l Erwan Brunard,a Tanguy Saget,a Marie Sircoglou,b and

Philippe Dauban !
[a] Université Paris-Saclay, CNRS, Institut de Chimie Moléculaire et des Matériaux d'Orsay, Orsay, France
bl Université Paris-Saclay, CNRS, Institut de Chimie des Substances Naturelles, Gif-sur-Yvette, France
daiann.sosa-carrizo @universite-paris-saclay.fr

Activated Nitrene Intermediate
F

Bz . ° DFT EDA-NOCV Steric map
H F oLl _Ar .\ i More bulky
Ho | o7 N PR~ NHR
w7« 2°
2° o:Rh—
Yield = 51-85%

Rhy(S-tftpttl), + Ar-SOz-NH, Szeii/e;‘zw:y

PhI(OPiv), from 0.8:1 to 5.8:1 Selective catalytic pocket ?

The design of site-selective C—H functionalization reactions is a great challenge with
important applications in organic synthesis. Dirhodium(ll) complexes are among the best
catalysts to perform selective insertion of nitrenes into C(sp?)-H bonds.["! In this respect,
recent experimental results showed a remarkable selectivity for the amination of
propylbenzene with the Rhz(S-fptt)4 complex as catalysts.?l To understand this
selectivity, we perform DFT calculation to reveal the factors guiding the catalytic system.
Our strategy involves evaluating the mechanism to disclose the electronic or steric factors
controlling the selectivity between the secondary (2°) vs benzylic (Bz) C-H bond. In this
study, we computed the general mechanism for the functionalization of the C-H bond,
which involves either i) a concerted C—H insertion or ii) a stepwise process of hydrogen
atom abstraction, followed by radical recombination. The mechanism found
computationally indicates that the concerted singlet mechanism was favoured,
preferentially occurring at the non-activated 2° position as observed experimentally. We
also applied the steric map plot tool to understand the interaction between the catalyst and
substrate controlling the selectivity. Our results evidenced the role of the catalysts’ pocket
in stabilizing key intermediates, and the influence the activations barriers for the C—H
amination.

[1] E. Brunard, V. Boquet, E. Van Elslande, T. Saget, P. Dauban, J. Am. Chem. Soc. 2021, 143,
6407.
[2] E. Brunard, V. Boquet, E. D. Sosa Carrizo, T. Saget, M. Sircoglou, P. Dauban P. Submitted.
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Intermolecular Covalent Interactions

Lucas de Azevedo Santos.[@ Trevor A. Hamlin,[@ F. Matthias Bickelhaupt.!al

[l Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
l.deazevedosantos @vu.nl

Pnictogen (PnB), chalcogen (ChB), halogen (XB), and hydrogen (HB) bonds are
intermolecular interactions of the type DmZ+++A, where Z = Pn, Ch, X, H.['2] Typically, the
s-hole model is invoked to rationalize the unexpected attraction between two partially
negatively charged atoms and the geometry of these intermolecular interactions.[3 This
model posits that the DmZ:+*A complexes are bound and linear due to a Coulombic
attraction between a positive electrostatic potential on the molecular surface of the bond
donor (DmZ) and the negative, point charge-like bond acceptor (A). We show how this
treatment of atoms and molecules is oversimplified and unphysical.¥l Not the Coulombic
interactions, but the steric Pauli repulsion is the driving force preventing the bending of the
bond acceptor away from D—Z+++A linearity. In fact, the Coulombic interactions favor (not
oppose) bending. The cohesion in these interactions furthermore receives a major
contribution from HOMO-LUMO orbital interactions. Therefore, we suggest abandoning

the term non-covalent interactions for such bonds and instead using the designation

Ot
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0@ — 0@
0 0

LPz
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intermolecular covalent interactions (ICl).
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[1] L.de Azevedo Santos, T. A. Hamlin, T. C. Ramalho, F. M. Bickelhaupt, Phys. Chem. Chem. Phys.
2021, 23,13842.

[2] L. de Azevedo Santos, S. C. C. van der Lubbe, T. A. Hamlin, T. C. Ramalho, F.M. Bickelhaupt,
ChemistryOpen 2021, 10, 391.

[38] J.S. Murray, P. Politzer, ChemPhysChem 2021, 22, 1201.

[4] L. de Azevedo Santos, T. C. Ramalho, T. A. Hamlin, F. M. Bickelhaupt, Chem. Eur. J. 2023,
€202203791.
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Probing the mechanism of trialkylborane-oxygen radical
initiators by trapping radical intermediates

Victor Chechik,[@ Ivan Ocafia,l@l Andrew R. Rickard,@ Neil Griffin,l®! George Hodgesl°!
lal Department of Chemistry, University of York, York, UK
b] Syngenta, Jealott’s Hill International Research Centre, Bracknell, UK
E-mail address: victor.chechik@york.ac.uk

We recently reported a new method for radical trapping based on an Su2’ radical
substitution of allyl-TEMPO derivatives.l'l Here, this method is applied to explore the
mechanistic details of trialkylborane autoxidation which is a popular method for initiating
radical reactions. The autoxidation produces alkyl radicals Alk',[2 however the side
products are boron-containing peroxides with poorly-understood chemistry.F!

Sy2'-based radical trapping

: EMPO
R+ j/\T — Rt{ + TEMPO
07 "NHX
© N

NHX
short-lived  Sp2-based trapped TEMPO = —$-0
radical radical trap radical X =c-CgHyq3

Trialkylboron-air radical initiator

ky = 0.0007 M"' 57!

AlksB* Oy Alk,BOO™ + Ak — initiation

ky =2x10° M s

AlK + O, AIkOO

further reactions?
ks =2x108 M 57"
e VRS,

AIkOO  + AlksB AIkOOBAIk, + Al — initiation

We monitored trialkylborane reaction with oxygen in the presence of the Snu2’ radical trap
using 'H, "B NMR spectroscopy and mass spectrometry. This made it possible to
simultaneously and quantitatively detect starting materials, products and radical
intermediates. In addition, we isolated borane peroxides and demonstrated that some of
their further reactions proceed via a radical mechanism which makes a very significant
contribution to the overall radical initiation under commonly-used conditions. We have
demonstrated that understanding these reactions makes it possible to initiate radical chain
reactions that could not be initiated using standard trialkylborane initiation protocols.

[1] P.J. H. Williams, G. A. Boustead, D. E. Heard, P. W. Seakins, A. R. Rickard, V. Chechik, J. Am.
Chem. Soc. 2022, 144, 15969.

[2] A.G. Davies, J. Chem. Res. 2008, 2008, 361.

[3] D.P. Curran, T. R. McFadden, J. Am. Chem. Soc. 2016, 138, 7741.
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Kinetics and Mechanism of Azole n-n* Catalysed Acylation

Harvey J. A. Dale,* @ George R. Hodges, [Pl and Guy C. Lloyd-Jones #I¢l
[l MRC Laboratory of Molecular Biology, Francis Crick Ave., Cambridge, CB2 3AP, U.K.
bl Jealott’s Hill International Research Centre, Syngenta, Bracknell, RG42 6EY, U.K.
[¢l EaStChem, University of Edinburgh, Joseph Black Building, David Brewster Road,
Edinburgh, EH9 3FJ, U.K.
* hdale @mrc-Imb.cam.ac.uk
# guy.lloyd-jones @ed.ac.uk

Azole anions are highly competent in the activation of weak acyl donors,l'-2 but, unlike
neutral aprotic Lewis bases, they have not yet gained significant traction as acylation
catalysts. Curious as to why this should be so, we have investigated the azole-catalyzed
aminolysis of p-fluorophenyl acetate using in situ and stopped-flow 'H/'°F NMR
spectroscopy, multifaceted kinetic analysis, isotopic labelling, 'TH DOSY and electronic
structure calculations, and used this archetypal system to assemble a holistic mechanistic
framework for acylative n-r* catalysis in the anionic mode.[8l Even subtle changes to the
solvent, auxiliary base, or azole can elicit profound changes in the temporal evolution,
thermal sensitivity and progressive inhibition of azole-catalysed aminolysis, yet we show
that these findings can be readily reconciled with a single overarching mechanism — and
the general intermediacy of N-acyl azoles. The systematic analysis of 18 azole catalysts,
spanning nearly ten orders of magnitude in acidity, highlights the pitfall of pursuing ever-

more nucleophilic catalysts without regard for catalyst speciation.
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[1] X.Yang and V. Birman, Org. Lett., 2009, 11, 1499-1502
[2] N. De Rycke, F. Couty and O. R. P. David, Chem. Eur. J., 2011, 17, 12852-12871
[3] H. J. A. Dale, G. R. Hodges and G. C. Lloyd-Jones, J. Am. Chem. Soc., 2023, Just Accepted
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Mansour Nawasreh

Scientific Basic Sciences Department, Faculty of Engineering Technology, Al-Balga
Applied University, Marka 11134, Amman-Jordan, nawasreh@bau.edu.jo

The discovery of cephalostatins (e.g. cephalostatin 1, Fig. 1),['l a marine natural
products which have shown remarkable activity against human cancer cells, attracted us
as some groups abroadl34 to target the synthesis of such impressive and complicated
molecules. We report here the effect of introduction of a-methoxy group to carbonyl
group on the biological activities in addition to a mild, efficient and green
demethoxylation method after applying regioselective chemical transformations.[l This
work is a part of the progress in desymmetrization of symmetrical bis-steroidal pyrazines
(BSPs) (e.g. diketone 2, Fig. 2). Synthesizing a gram-scaled prodrug with potential
activity using green methods is our primary target. Scaling up of these methods based
on the symmetrical coupling (SC) of two identical steroidal units. The discovery of new
green pathways that help in structural reconstruction programming toward the total
synthesis of at least one potentially active family member is our secondary target. Our
strategy is based on functional group interconversions with high flexibility and brevity
using green selective methods. The culmination of our efforts was the effective
preparation of anti-cancer prodrug which overcomes cancer-drug resistance

(chemoresistance) and has almost no toxicity to the normal cells.

o " ar south part

Fig. 1. Structure of cephalostatin 1 Fig. 2. Structure of diketone 2

[1] G.R. Pettit, M. Inoue, Y. Kamano, D.L. Herald, C. Arm, C. Dufresne, N.D. Christie, J.M.
Schmidt, D.L. Doubek, T.S. Krupa, J. Am. Chem. Soc., 1988, 170, 2006.

[2] M. Nawasreh, E. Winterfeldt, Curr. Org. Chem., 2003, 7, 649.

[3] C.H.Heathcock, S.C. Smith, J. Org. Chem., 1994, 59, 6828.

[4] M. Nawasreh, L. Tahtamouni, Curr. Med. Chem., 2023, Gallyproof.
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Regioselectivity in the Hofmann—-Lo6ffler-Freytag Reaction: A
Computational Analysis of Rearrangement Reactions

Davor Sakié.[2l Gabrijel Zubg&ié, 2l Jiangyang You, !
Erim BeSic,lal Valerije Vrcek,[a Hendrik Zipse [
lal Faculty of Pharmacy and Biochemistry University of Zagreb, Zagreb, Croatia

bl Institute Ruder Boskovi¢, Zagreb, Croatia
[l Ludwig-Maximilians-Universitat Minchen, Minchen, Germany
davor.sakic@pharma.unizg.hr

The Hofmann-Loffler-Freytag (HLF) reaction has emerged as a method for the late-stage
functionalization of remote C-H bonds,[1] facilitating the synthesis of five-membered
pyrrolidine rings through N-centered radicals using a 1,5-hydrogen atom transfer (HAT)
process.[2] Notably, the formation of six-membered piperidine heterocycles via 1,6-HAT
is prominently observed only within highly rigid or substituted systems.[3]

Our computational studies (RO-B2PLYP/G3MP2large) revealed negligible differences in
both thermodynamic and kinetic parameters for the two pathways within unsubstituted
alkyl chains. This finding contrasts the experimental dominance of the pyrrolidine ring
formation. We delved into the impact of different nitrogen-functionalizing groups, namely
tosyl, acetyl, and benzoyl, and probed into both intermolecular and intramolecular
mechanisms. Further insights led us to identify other possible rearrangement reactions
which likely influence regioselectivity. By harnessing these findings, we can adeptly modify
HLF reaction conditions to either favor piperidine outcomes or augment overall yields. Our

conclusions were corroborated by EPR and NMR studies on selected systems.

N - — _N
l)_\ -acetyl, EJ/

-benzoyl

[1]1 S Roy, S Panja, S R Sahoo, S Chatterjee, D Maiti Chem. Soc. Rev., 2023, 52, 2391
[2] C Martinez, K Muhiz, Angew. Chem., 2015, 54/28, 8287
[38] H Zhang, K Muhiz, ACS Catal., 2017, 7/6, 4122
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The environmental impact of chemical 0o
manufacturing is under growing scrutiny, with R NaCIO, ©)LR
organocatalyst)
stringent regulations on permissible levels of MeCN/H,0 ::ag'
2

via

contaminants in industrial effluents.[l  This

necessitates innovation in development of new | ., N
processes which limit environmental disruption.2! J\j\ /\ '\
Oxidation chemistry is one area where the @ = \‘.‘
development of procedures for scale-up | © st T ¢ e,
synthesis is challenging. Traditional techniques involve using transition metals, frequently
in stoichiometric quantities.®] This creates issues surrounding waste treatment and
removal of metals from final products. Therefore, sustainable alternatives are desirable.
Chlorine dioxide has unique properties as a stable radical. It has found extensive use as
a bleaching agent in the paper industry and water purification.[45] There are isolated
examples of chlorine dioxide use in chemical synthesis,[®@ however, widespread
application is limited by challenges surrounding generation of high-purity chlorine dioxide
solutions at synthetically useful concentrations. Oxidation of benzylic methylene positions
is possible using sodium chlorite and an organocatalyst.’l. Mechanistic studies have
confirmed chlorine dioxide is present under these conditions. Further investigations
towards the application of chlorine dioxide in oxidations have been carried out with a view
to develop safe, scalable processes with limited environmental impact. This talk will
include discussion of mechanistic studies using a combination of in situ reaction

monitoring, offline measurements and DFT.

[1] T.Brinkmann, G. G. Santonia, H. Yiikseler, S. Roudier and L. D. Sancho, Best Available Techniques (BAT) Reference Document
for Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical Sector, 2016, doi:10.2791/37535.

[2] P.T. Anastas and M. M. Kirchhoff, Acc. Chem. Res., 2002, 35, 686.

[38] J. Muzart, Chem. Rev., 1992, 92, 113.

[4] J.He, B.Liu, S. Yao, C. Chen, C. Liang, S. Wang, C. Qin, Y. Hao, T. Liao, C. Xu, G. Huang and P. He, Sustainability, 2023, 15,
3586.

[5] Y.Wu, X. Luo, G. Liand S. Zhou, Proc. Saf. and Environ. Prot., 2022, 164, 30.

[6] H. Asahara, N. Takao, M. Moriguchi, T. Inoueab and K. Ohkubo, Chem. Commun., 2022, 58, 6176.

[7]1 S. M. Silvestre and J. A. R. Salvador, Tetrahedron, 2007, 63, 2439.
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Substituted phenylhydroxycarbenes in the carbonyl-ene
reaction in solution

Nikolaos Vagkidislal and Peter R. Schreinerlal
lalinstitute of Organic Chemistry, Justus Liebig University, Heinrich-Buff-Ring 17,
Giessen, 35392, Germany
Nikolaos.Vagkidis @org.chemie.uni-giessen.de

The reactivity of hydroxycarbene (H-C-OH) and other related carbenes has been
investigated in-detail under cryogenic matrix-isolation conditions.['.2l Recently, our group
has reported the first evidence for the generation of the phenylhydroxycarbene 1 (R' = H)
in solution.[®! Apart from the previously reported quantum mechanical [1,2]-H-tunnelling to
afford benzaldehyde 2 (R' = H),[*l 1 has the propensity to undergo a facile carbonyl-ene
reaction with benzaldehyde 2 to afford a-hydroxy ketone 3 (R' = H). In this work, we
expand these findings and demonstrate that 1 can participate in carbonyl-ene reactions
with other substituted benzaldehydes. Furthermore, we demonstrate that alkenes are also
capable of undergoing the same reaction with the transient carbene, thus proving that the
novel carbonyl-ene reaction is not unique to aldehydes (product formation was in all cases
confirmed by NMR and MS). Next, we explored how altering the electronic properties of
the reactive carbene can affect the competition between the two pathways. Thus, electron
withdrawing and electron donating groups were introduced in the phenyl ring of the
intermediate carbene, and their reactivity in the carbonyl-ene reaction was investigated.

o 5.0 eq. imidazole
_NH, 10.0 eq. R,CHO
S N _—
| | 55°C, 24 h
R// Ts toluene
]
Ry= -H

-NMe,
-OMe 3
-NO,

Scheme 1. Generation of substituted phenylhydroxycarbenes in solution, and proposed reaction pathways.

[1] P. R. Schreiner, H. P. Reisenauer, D. Ley, D. Gerbig, C.-H. Wu, W. D. Allen, Science,
2011, 332, 1300.

[2] D. Gerbig, H. P. Reisenauer, C.-H. Wu, D. Ley, W. D. Allen, Schreiner, P. R., J. Am.
Chem. Soc., 2010, 132, 7273.

[3] F. Keul, A. Mardyukov, P. R. Schreiner, J. Phys. Org. Chem., 2022, 35, e4315.

[4] Y. lwai, T. Ozaki, R. Takita, M. Uchiyama, J. Shimokawa, T. Fukuyama, Chem. Sci.,
2013, 4, 1111.
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Insights on the structure and photochemistry of synthetic
compounds bearing the endoperoxide pharmacophore.

Patricia S. M. Amado,@ Inés C. C. Costa @l Susy Lopes, !l Elisa M. Bras,lPl M. Takano,[c]
Manabu Abe, ¢l Rui Fausto,®! Maria L. S. Cristianol@
lal Center of Marine Sciences, CCMar, and Department of Chemistry and Pharmacy, FCT,
Gambelas Campus, University of Algarve, 8005-139 Faro, Portugal
b CQC-IMS, Department of Chemistry, University of Coimbra, P-3004-535 Coimbra, Portugal.
il Department of Chemistry, Graduate School of Advanced Science and Engineering, Hiroshima
University, Higashi-Hiroshima, Hiroshima, 739-8526, Japan.
mcristi@ualg.pt
The pharmaceutical interest in cyclic organic peroxides arises from the 1,2,4-trioxane

pharmacophoric moiety of artemisinin, a natural product that integrates the arsenal of
frontline antimalarial drugs together with some of its semi-synthetic derivatives (ARTS).
Synthetic 1,2,4-trioxolanes and 1,2,4,5-tetraoxanes proved promising alternatives, some
exhibiting anti-malarial activity similar or higher than ARTs, even against multi-resistant
malaria (e.g. the candidates OZ439 and E209), showing potential for the treatment of other
parasitic infections and cancer.['l Synthetic routes for those classes have been developed
and perfectioned.[? Endoperoxide-based drugs are thought to require bioactivation via
iron(ll)-induced cleavage of the peroxide bond, forming oxygen-centred radicals that
rearrange to carbon-centred radicals, these acting through alkylation of parasites'
biological targets. To gather further information on the structure, vibrational properties and
photoreactivity of trioxolanes and tetraoxanes we investigated two model compounds
using the approach depicted in Figure 1.34 Results obtained deepen the knowledge on

reactivity and bioactivation mechanisms of those endoperoxide chemotypes.

Methods
O Photochemistry analysis

9-0 - DFT calculations

<©< ><:>=0 |:> - Matrix Isolation |:> C)Vibrational properties
0-0
n

- IR and EPR spectroscopies O Synthesis and Structure

,2,4-Trioxolane 1

n=0,1
n=1,1,24,5-Tetraoxane TX

Figure 1. Approach to the study of model. trioxolane and tetraoxane compounds with antiparasitic activity.
We gratefully acknowledge FCT-Portugal for projects UIDB/00313/2020, UIDP/00313/2020, LA/P/0056/2020 (CQC-IMS); UIDB/04326/2020,
UIDP/04326/2020, LA/P/0101/2020 (CCMar-CIMARY); and grants SFRH/BD/130407/2017, SFRH/BD/136246/2018, and SFRH/BD/08242/2020.
References:

[11 C. M. Woodley, P.S.M. Amado, M.L.S. Cristiano, P.M. O’Neill, Med. Res. Rev. 2021, 41 (6), 3062.

[2] P.S.M. Amado, L.M.T. Frija, J.A.S. Coelho, P.M. O’Neill, M.L.S. Cristiano, J. Org. Chem., 2021, 86 (15), 10608.

[3] E.M. Bras, L.I.L. Cabral, P.S.M. Amado, M. Abe, R. Fausto, M.L.S. Cristiano, J. Phys. Chem. A, 2020, 124 (21), 4202.

[4] P.S.M. Amado, S. Lopes, E.M. Bras, J.A. Paixdo, M. Takano, M. Abe, R. Fausto, M.L.S. Cristiano, Chem. Eur. J., 2023, 29,
€2023013.
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Rationalization of Chemical Selectivity in Catalytic Reactions

Ken Yamazaki,@ Tomoya Miuralal

lal Division of Applied Chemistry, Okayama University, Tsushimanaka, Okayama
700-8530, Japan
k-yamazaki@okayama-u.ac.jp

Over the past decades, a large part of organic and organometallic chemistry has
involved development and application of new chemical transformations. Understanding
reaction mechanisms and chemical reactivity allows us to rationally design and predict
novel transformations. A ruthenium-catalyzed Alder-ene reaction of alkenes with alkynes
has proved a highly selective and atom economical method for C-C bond formation. The
commonly employed mechanism involves the formation of five-membered
ruthenacyclopentene intermediates via the oxidative cyclization process.!'}2] However,
selectivities with a certain type of reactants could not be explained with this mechanism,
and instead we found that the reaction proceeds through an alternative pathway via the
formation of three-membered ruthenacyclopropene intermediates.?! Our newly proposed
mechanism, illustrated with computational and kinetic studies, is able to predict the
reactivity and to rationalize the origin of selectivities with a wide variety of reactants. In
addition, this simple model was demonstrated to be applicable to an intramolecular

cyclization and reactions with more complex reactants.

R Q R1 E/Z selectivity
+
R3 wRU
| | + /\/ L ¢ L > | 5
L’ R2 R
2
R regioselectivity
® Ru-catalyzed C—C bond formation
Y.
|+ R Q ® Unexpected favored pathway
r1_Ru + RS g
\S\_7/\R3 }VRU \) via ruthenacyclopropene
H R2 e ® General selectivity prediction
R? © Application towards new selectivity

ruthenacyclopentene J ruthenacyclopropene

[1] (a) Trost, B. M.; Indolese, A., J. Am. Chem. Soc., 1993, 115, 4361. (b) Trost, B. M.; Indolese, A.
F.; Muller, T. J. J.; Treptow, B., J. Am Chem. Soc., 1995, 117, 615. (c) Trost, B. M.; Toste, F. D.,
Tetrahedron Lett., 1999, 40, 7739. (d) Chen, H.; Li, S., Organometallics, 2005, 24, 872.

[2] (a) Trost, B. M.; Toste, F. D.; Pinkerton, A. B., Chem. Rev., 2001, 101, 2067. (b) Trost, B. M.;
Frederiksen, M. U.; Rudd, M. T., Angew. Chem. Int. Ed., 2005, 44, 6630.

[38] (a) Hansen, E.; Lee, D., J. Am. Chem. Soc., 2005, 127, 3252. (b) Trost, B. M.; Toste, D., J. Am.
Chem. Soc., 1999, 121, 9728.
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A multi-site adsorption model for heterogeneous
photocatalysis

Moisés Canle, J. Arturo Santaballa
Universidade da Coruia, React!, Facultade de Ciencias & CICA, A Coruia, Spain
moises.canle @udc.es

Heterogeneous photocatalysis is a surface adsorption phenomenon. Reagents and
photocatalyst are left in contact in the dark for a period, during which adsorption equilibrium
is assumed to be reached. But the time to achieve equilibrium may vary. Little is known
about how adsorption equilibria are altered by irradiation.

Common interpretation of heterogeneous photocatalysis usually accounts for the first layer
of adsorbate, but not beyond. It is reasonable to assume charge carriers migrate beyond
the first layer, which needs appropriate modelling. Different adsorption sites may not
behave the same, leading to different kinetic behaviour.

A common overlooked problem in heterogeneous photocatalysis is the occurrence of bi-
exponential kinetics. Typically, mixing effects or alterations due to irradiation effects are
claimed, and the first few points defining the fast initial decay are neglected.

Usually, it is assumed that the surface is homogeneous, with only one type of active
adsorption site. A typical organic molecule may offer different possible interactions with
the surface. We applied this idea to obtain the kinetic equations.

The Scheme shows this for ketoprofen, a widely used anti-inflammatory. Two different
adsorption sites are assumed: interactions through the aromatic ring bearing the benzoyl
group and through the carboxylate. There are also three adsorption-desorption equilibria
that can be expressed by the ratio of the corresponding adsorption (ki1, k12, ki3) and
desorption rate constants (k-11, k-12, k-13), and need to be considered. Each adsorbate may
react with reactive species (h+, HO®, or e°), through irreversible steps (ko1, koo, ko3).
Application of our model explains the occurrence of biexponential decays.
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Nitrosamine Formation in Pharmaceuticals: Developing
Biased Kinetic Models to Assess Nitrosation Risk in Solid
Drug Products

lan W Ashworth
lal Chemical Development, Pharmaceutical Technology& Development, Operations,
AstraZeneca, Macclesfield, United Kingdom
lan.ashworth@astrazeneca.com

The unexpected finding of nitroso dimethylamine NDMA in valsartan drug substance in
2018 and the subsequent findings of nitrosamines in additional drug products led
regulatory agencies to call for pharmaceutical companies to review their products to
determine the risk of nitrosamine contamination.!'l After an initial focus on drug substance
synthesis, where obvious risks exist, it was found that traces of nitrite present in excipients
could react with secondary amines present in solid drug products to form nitrosamines.[23]
Given that many drug substances are secondary amines or contain secondary amines as
specified or trace impurities many drug products could potentially contain nitrosamines.
A biased, predictive model, designed to overestimate the extent of nitrosation based on
the published solution phase kinetics of amine nitrosation has been developed.i*5 The
use of some conservative assumptions to enable the extension of this model to consider
the nitrosation of an amine occurring within a solid drug product over the product shelf life
will be described.
Amine

Drug ‘
Substance

o H § N0
rR-NR + NO, —reen ’

‘ — ﬁ R-~r W
( \ Product

Excipients |

Tra;eli\l(;;'

[1]1 J Moser, J Schlingemann, C Saal, J. Pharm. Sci., 2023, 112, 1161.

[2] J Schlingemann et al., Int. J. Pharm., 2022, 620, 121740.

[38] J Moser, | W Ashworth, L Harris, M C Hillier, K K Nanda, G Scrivens, J. Pharm. Sci., 2023, 112,
1255.

[4] 1 W Ashworth, O Dirat, A Teasdale, M Whiting, Org. Process Res. Dev., 2020, 24, 1629.

[5] | W Ashworth, D Dey, O Dirat, P McDaid, D Lee, J Moser, K K Nanda, Org. Process, Res. Dev.,
2023, doi: 10.1021/acs.oprd.2c00366.
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How the Chalcogen Atom Size Dictates the Hydrogen-
Bonding Capability of Amides

Celine Nieuwland, @ Siebe Lekanne Deprez,@ Claris de Vries,[a Célia Fonseca Guerra’lal

lal Department of Chemistry and Pharmaceutical Sciences, Amsterdam Institute of
Molecular and Life Sciences (AIMMS), Vrije Universiteit Amsterdam, The Netherlands

Thio- (X = S) and selenoamides (X = Se) can form stronger hydrogen bonds (H-bonds)
than carboxamides (X = O), despite the lower electronegativity of S and Se compared to
O. This phenomenon has been experimentally explored, particularly in organocatalysis!']
and supramolecular chemistry,[? but a sound electronic explanation is lacking. In this talk,
I will demonstrate that the NH2 groups in thio- and selenoamides are more positively
charged than in carboxamides, and thus better H-bond donors.81 Our quantum chemical
analyses reveal that this originates from the larger electronic density flow from the nitrogen
lone pair of the NH2 group towards the lower-lying n*c=s and n*c=se orbitals than to the
high-lying n*c-o orbital. The relative energies of the n*c-x levels follow from the mutual -
overlap between the chalcogen np and carbon 2p atomic orbitals, which is set by the
carbon—chalcogen equilibrium distance, a consequence of the steric Pauli repulsion
between the two bonded atoms. Thus, not the electronegativity nor the often-suggested
polarizability but the steric size of the chalcogen atom determines the amide’s hydrogen-
bond donor strength. Finally, | will demonstrate the overlooked role of the chalcogen atom

size on the suitability of the molecular geometry for intermolecular H-bonding.[4

Steric repulsion I ts ISe Supramolecular chemistry H-bond donor catalysis
HAN'H HAN'H HAN'H
4 i .4 H
R ’,H—N
Weak , Strong R>=O\‘H—N
= S Se H
[1] A. M. Faisca Phillips, M. H. G. Prechtl, A. J. L. Pombeiro, Catalysts 2021, 11,
569.
[2] J. A. Berrocal, M. F. J. Mabesoone, M. Garcia-lglesias, A. Huizinga, E. W. Meijer,
A. R. A. Palmans, Chem. Commun. 2019, 55, 14906.
[3] C. Nieuwland, C. Fonseca Guerra, Chem. Eur. J. 2022, 28, €202200755.
[4] C. Nieuwland, S. J. Lekanne Deprez, C. de Vries, C. Fonseca Guerra, Chem.

Eur. J. 2023, 29, e202300850.
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Fundamentalist vs. Canonical Descriptions of Isotope Effects

in Enzymic Reactivity
lan H. Williams
University of Bath, Bath, United Kingdom
i.h.williams @bath.ac.uk

Kinetic isotope effects (KIEs) provide a powerful experimental probe for enzyme
mechanisms provided that observed ratios of rate constants (upon kcat/Km for competitive
reactions where the reactant state is the free substrate in solution) may be interpreted
reliably. The traditional (“canonical”) approach to analysis of mechanisms with multiple
reaction steps in series involves consideration of “commitments to catalysis” for each step
and which often leads to extremely complicated expressions for observed isotope effects
in terms of individual steps;!'] practical solutions usually require the making of assumptions
and simplifications that may not always be valid. Computational simulation is now capable
of yielding valuable insight, complementary to experiment, including isotopic partition-
function ratios (IPFRs)®? for minima and saddle points on a potential-energy surface,
corresponding to intermediates and transition states[® on a Gibbs-energy surface for the
enzymic reaction. Following Schowen’s “fundamentalist” approach to enzymic catalysis,!
we present a treatment of KIEs for multistep enzymic reactions that avoids the use of
commitment factors or consideration of intermediates but focuses solely on the relative
contributions of transition states in series. Accordingly, computed IPFRs should be
combined to yield an overall KIE directly for comparison with an observed KIE rather than

with derived “intrinsic” KIEs.

Tk w w £W/—\ weighting
_cat| _ T Wa , W | Wc | factors
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" IPFRs
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[1] e.g., B. E. Lewis, V. L. Schramm, in Isotope Effects in Chemistry and Biology, eds. A. Kohen, H.-
H. Limbach, CRC Press, 2006, 1019.

[2] 1. H. Williams, P. B. Wilson, in Simulating Enzyme Reactivity, eds. |. Tuf6n, V. Moliner, Royal
Society of Chemistry, 2016, 150.

[3] 1. Tufén, I. H. Williams, Adv. Phys. Org. Chem., 2019, 53, 29.

[4] R. L. Schowen, in: Transition States of Biochemical Processes, eds. R. D. Gandour, R. L.
Schowen, Plenum Press, 1978, 77.
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Uncertainty quantification of organic reactivity

Jonny Proppetf
12l TU Braunschweig, Germany

j.proppe @tu-bs.de

Polar organic synthesis can be rationalized by Mayr’'s empirical relationship linking
bimolecular rate constants to only three reactivity parameters. Here, we propose an
extension to his reactivity approach that is rooted in uncertainty quantification.['l Most
importantly, it yields uncertainty estimates for bimolecular rate constants. Synthetic
chemists can exploit these virtual error bars to make synthesis planning more reliable.
Computational chemists, in turn, can take advantage of the new approach by creating low-
cost pseudo-benchmarks to diversify test sets for model evaluation. Currently, we study
how organic reactivity can be determined more efficiently by a combination of quantum
chemistry and machine learning.[?l We are particularly interested in real-time reactivity

prediction.!

[1] J. Proppe, J. Kircher, ChemPhysChem, 2022, 23, e202200061.

[2] M. Vahl, J. Proppe, Phys. Chem. Chem. Phys., 2023, 25, 2717.

[3] M. Vahl, J. V. Diedrich, M. Miicke, J. Proppe, ChemRxiv, 2023,
https://doi.org/10.26434/chemrxiv-2023-dx1qv.
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Enhancing Organic Chemistry With Calculations:
From Density Functional Theory to Machine Learning

B. Maryasin,[a ¢ T. Krivobokova,! L. Gonzalez,l and N. Maulidela!
[al Institute of Organic Chemistry, University of Vienna, Vienna, Austria
bl Institute of Statistics and Operations Research, University of Vienna, Vienna, Austria
el Institute of Theoretical Chemistry, University of Vienna, Vienna, Austria
boris.maryasin@univie.ac.at

Recent developments in quantum chemistry and computational methods empower us to
comprehensively grasp and predict the outcomes of organic reactions. We showcase the
effectiveness of synergizing experimental findings with theoretical understanding,
exemplified through recent cases.

For various organic transformations, e.g., modern catalytic Claisen-type
rearrangements,['lwe not only elucidate experimental observations but also predict more
efficient reaction pathways. Successfully applying density functional theory (DFT) for a
major part of our studies, yet we were able to identify significant limitations in comparison
to wave function-based methods for certain systems. We propose alternative strategies to
tackle these chemical challenges. Additionally, we present an innovative approach to
interpreting yields on an example of the Buchwald-Hartwig amination via statistical
analysis as a step towards precise reactivity predictions aligned with the principles of
modern data-driven chemistry.[?

Overall, we introduce iterative cyclic strategy calculations/experiments/calculations
for engineering organic reactions. Our computational investigations offer explanations for
experimentally observed phenomena while providing new insights for subsequent
experiments and computations.

Problem
Solved

Chemical
Problem

[1] a) B. Maryasin, D. Kaldre, R. Galaverna, |. Klose, S. Ruider, M. Drescher, H. Kahlig, L. Gonzalez,
M. Eberlin, I. D. Jurberg, N. Maulide, Chem. Sci. 2018, 9, 4124; b) Feng, M.; Mosiagin, |.; Kaiser,
D.; Maryasin, B.; Maulide, N. J. Am. Chem. Soc. 2022, 144, 13044.

[2] T. Krivobokova, G. Finocchio, B. Maryasin, ChemRxiv. 2023.
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Computational framework for automated discovery of
degradation reaction mechanisms of organic redox flow
battery materials

Piotr de Silva

Department of Energy Conversion and Storage, Technical University of Denmark
Anker Engelunds Vej 301, 2800 Kongens Lyngby, Denmark
pdes@dltu.dk

Organic redox flow batteries (ORFBs) show great potential for large-scale energy storage.
The key performance indicators are the redox potentials of the redox couples, solubility in
the solvent of choice, and their (electro)chemical stability. The latter requirement is
currently the main factor preventing the deployment of ORFBs.

The undesired parasitic reactions are known for some types of electrolytes, while for newly
developed materials, they often are not. There are few mitigation strategies to improve the
stability of ORFB electrolytes without sacrificing other properties. Being able to predict
possible degradation reactions and estimate their rates under operating conditions would
open a possibility for the systematic and rational design of new stable electrolytes.

In this contribution, we

. Molecule 1 Molecule 2 o Library (OH-, H;0%,
will resent a H,0, tautomer,
p Structure Structure przotonated state...)
computational framework
whose ObjeCtive is to map Local reactivity Local reactivity

out the degradation

o Molecule replacement
. Reactant generator o Geometry optimization
network and estimate the 9 o Energy filter
o Removal of dissociated molecules
thermodynamic and Process search
kinetic stability of the
. ) o Intermediate | Product [ Reaction] [ Energy ]
material with minimal a mechanism refinement

priori knowledge. The framework is based on a potential energy surface exploration
algorithm that combines electronic structure and atomistic simulation methods like DFTB,
DFT, implicit solvent models, and single-ended transition-state optimization algorithms.
We will demonstrate the assumptions and working principles and illustrate the

performance with a few experimentally validated degradation mechanisms.
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Detection of Palladium(ll) lons and Its Application in Live Cell"
Imaging

Tugce Akbas,?! Ecem Saygili,! Erman Kibris,?l and Muhammed Uglincii®!
el Department of Chemistry, Faculty of Science, izmir Institute of Technology, izmir,
Turkey
1 Department of Analytical Chemistry, Faculty of Pharmacy, Izmir Katip Celebi
University, lzmir, Turkey
tugcekanbur@iyte.edu.tr,

The use of dyes bearing fluorescent properties is gradually becoming more common in
various fields of science, especially in chemistry, biology, and medicine. In recent years,
chemosensors have become important alternatives to classical analytical methods due to their high
analyte selectivity and sensitivity, ease of applicability, and reproducibility.

Palladium (Pd) is an important transition metal that belongs to the platinum group. Its
complexes are widely used in modern synthetic chemistry, materials science, and pharmaceutical
chemistry. However, the massive global usage of palladium has led to several pollution and health-
related problems. [ For example, it can bind to various biomolecules including proteins, and DNA or
RNA, and interfere with various biological processes. Thus, it is crucial to develop new analytical tools
to monitor the presence of palladium ions in aqueous solutions and biological systems. 2

Herein, we developed a new turn-on probe based on the BODIPY scaffold, BDP-Pd, for
selective and sensitive detection of Pd2+ ions. The coordination of Pd2+ ions to the receptor unit
enhances the fluorescence emission of the probe via the inhibition of the PET mechanism. Moreover,

the designed probe allowed us to monitor trace palladium in cellular media.

[1] X. F. Chen et al., A Boron Dipyrromethene-Based Fluorescence ‘OFF-ON’ Probe for
Sensitive and Selective Detection of Palladium(ll) lons and Its Application in Live Cell Imaging,” 2020.,
vol. 15, 4104.

[2] M. Pouyan, G. Bagherian, and N. Goudarzi, Determination of ultra-trace palladium (ll) in
water, soil, and food samples by dispersive liquid-liquid microextraction-atomic absorption
spectrometry using 2-mercaptobenzimidazole as a complexing agent, 2016, vol. 127, 46.
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Electric field-induced reactivity and selectivity: Insights from
chemical bonding analysis

Poster 2

Pau Besalu-Sala,° Trevor A. Hamlin,[al Matthias Bickelhaupt,[@ Josep M. Luis, Pl Miquel
Solat!
lal Department of Chemistry and Pharmaceutical Sciences, Asmterdam Institute for

Molecular and Life Sciences, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
bl Institut de Quimica Computacional i Catalisi i Departament de Quimica, Universitat de
Girona, Girona, Catalonia, Spain
paubesalu@gmail.com

Electric fields (EF) can induce substantial changes in reaction rates, the selectivity towards
a particular product, or in general to reaction mechanisms, even for the simplest
transformations. This bears tremendous potential impact on various areas of catalysis,
ranging from heterogeneous to enzymatic catalysis. The analysis and understanding of
such effects at the molecular level is crucial for the design of novel processes and
optimization of the existing ones.!"-21 To this end, the activation strain model and the energy
decomposition analysis (EDA) are suitable computational techniques, however they are
computationally demanding.l23l Herein, we present a fast and efficient methodology to
decompose energy differences (kinetics and thermodynamics) into physically meaningful
energy terms in the presence of an EF in any direction of the space: the Field-Dependent
Barrier Activation Strain Model (FDB-ASM) and Field-Dependent Barrier Energy
Decomposition Analysis (FDB-EDA).[3! Analysis and visual representations of the electric-

field effects on reactivity and selectivity will be presented.
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Figure 1. FDB-ASM analysis of the endo vs exo selectivity of a simple Diels-Alder reaction.
[1] S. Shaik, R. Ramanan, D. Danovich, D. Mandal, Chem. Soc. Rev., 2018, 47, 5125.

[2] S. Yu, P. Vermeeren, T. A. Hamlin, F. M. Bickelhaupt, Chem. Eur. J., 2021, 27, 5683.
[3] P.Besalu-Sala, M. Sola, J. M. Luis, M. Torrent-Sucarrat, ACS Catal., 2021, 11, 14467.
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[l Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
bl Universita degli Studi di Padova, Padova, Italy

steveneelco.beutick@phd.unipd.it

The 1,3-dipolar cycloaddition (1,3-DCA) reaction, conceptualized by Rolf Huisgen in 1960, has proven
immensely useful in organic, material, and biological chemistry. Additionally, the 1,3-DCA has played
a key role in the emergence of bioorthogonal chemistry.l'l These reactions can be promoted, either
by predistortion or electronic tuning, so that they go with much higher reactivity, selectivity, and yields,
often at ambient temperatures. In silico-derived design principles have proven invaluable for the
design of new dipolarophiles with tailored reactivity. We will discuss everything from the conception
of the 1,3-DCA all the way to the state-of-the-art methods and models used for the quantum chemical

design of novel reagents.(

e R
19

= catalysis = predistortion = TS stabilization

[1] E. M. Sletten, C. R. Bertozzi, Angew. Chem. Int. Ed. 2009, 48, 6974— 6998.
[2] S. E. Beutick, P. Vermeeren, T. A. Hamlin, Chem. Asian J. 2022, 17, e202200553.
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Enhanced Metabolic Spectroscopy and Imaging
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Germany
bl Section Biomedical Imaging, Molecular Imaging North Competence Center (MOINCC),
Department of Radiology and Neuroradiology, University Medical Center Schleswig-Holstein and
Kiel University, Am Botanischen Garten 14, 24118 Kiel, Germany.
abrahms @oc.uni-kiel.de, andrey.pravdivtsev@rad.uni-kiel.de, rherges @oc.uni-kiel.de

Hyperpolarization is an effective approach to boost the MRI signal by a factor of 104 to
108. The improvement in sensitivity enables detection of non-hydrogen nuclei in real time
at low magnetic field strengths. Small molecules such as pyruvate are ideal candidates for
a novel class of hyperpolarized MRI contrast agents that can visualize the metabolism of
the body and thus contribute to the early detection of cancerogenic metabolic changes,
long before pathologies manifest and treatment becomes challenging. "2

Dissolution dynamic nuclear polarization (dDNP) is arguably the most widely applied
method for hyperpolarization, however, it is complex, slow, and expensive, while the
availability of precursors often limit the more cost efficient and faster parahydrogen-based
alternatives.lBl Here, we report the synthesis for novel 3C, deuterated ketocarboxylic
acids, and a much-improved synthesis of 1-13C-vinyl pyruvate-d6, arguably the most
promising tracer for hyperpolarizing pyruvate using parahydrogen induced
hyperpolarization by side arm hydrogenation (PHIP-SAH).['I“1 The method is very
versatile, the sidearm can be easily deuterated and the yield is at least 8 times higher than
competing approaches. [4

para-hydrogen
o H i H )
spin-order 50 000 fold increased
‘H-Ht cleavage !
@.\ -, @Yy”* _transfer @)\/H 9 @ MRI Signal
> \ cat. adminis-
) b tration Metabolic Imaging

metabolic ~ auxillary group

tracer

Figure 1: PHIP SAH process to get a hyperpolarized MRI signal of a small molecule.

[1] A.Brahms, A.N. Pravdivtsev, T. Stamp, F. Ellermann, F.D. Sénnichsen, J.B. Hévener, R. Herges, Chemistry A
European J. 2022, 28, €202201210.

[2] H. Gutte, A.E. Hansen, H.H. Johannesen, A.E. Clemmensen, J.H. Ardenjaer.Larsen, C.H. Nielsen, A. Kjaer,
Am. J. Nucl. Med. Mol. Imaging 2015, 5, 548-560.

[3] A.B. Schmidt, A. Brahms, F. Ellermann, S. Knecht, S. Berner, J. Hennig, D. von Elverfeldt, R. Herges, J.b:
Hévener, A.N. Pravdivtsev, Phys. Chem. Chem. Phys 2021, 23, 26645-26652.

[4] N. V. Chukanov, O.G. Salnikov, R.V. Shchepin, K.V. Kovtunov, L.V. Koptyung, E.Y.Chekmenev, ACS Omega
2018, 3, 6673-6682.
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The rising misuse of homemade explosives, like peroxides, nitrates, and chlorates, by
terrorists, criminals, and amateur chemists is a concerning trend. These substances are
easily obtained, with instructions available on the internet.l':2 Detecting them swiftly and
at low concentrations is crucial for safety. Current methods often involve sophisticated,
electrically operated, analytical equipment and multiple steps.[®! Our solution employs a
one-step porphyrin-based approach, akin to a pH test strip, for user-friendly handling.
Notably, our method detects the peroxide-based explosive TATP, frequently employed by
terrorists, at a sensitivity of 40 ng. This enables non-contact gas-phase detection,
indicated by a color change from red to green (formation of a r-radical cation). Additionally,
nitrates and chlorates like ammonium nitrate, urea nitrate, and potassium chlorate are
directly detected upon contact, with sensitivity ranging from 85 to 350 ng. This is evidenced
by a color change from red to dark brown (formation of a dication). The test thus detects
all home-made explosives and distinguishes between the extremely impact, shock and

friction sensitive peroxides and the less sensitive nitrates and chlorates by color change

-
R

dication

of a simple test strip.

-
o
£
5
o
B —

Figure 1: Overview for the detection of peroxide (color change from red to green) and nitrate-based
(color change from red to brown) explosives.

[1] Ritschie, H.; Hasell, J.; Mathieu, E.; Appel, C.; Roser, M. Terrorism.
'https://ourworldindata.org/terrorism (accessed 2022-10-24).

[2] Global Terrorism Database. 'https://www.start.umd.edu/research-projects/global-terrorism-
database-gtd (accessed 2022-10-24).

[3] Kolla, P., Anal. Chem. 1995, 67 (5), 184A.
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Since 2009 at the latest, bridged azobenzenes, so-called diazocines, have been very well
studied as photoswitches and their photophysical properties are several times superior to
those of their non-bridged analogues.['l The application of diazocines in photoresponsive
hybrid smart materials is therefore a logical next step, which is, however, often limited by
the lack of easy accessibility of sufficiently appropriate derivatives.[23.451 For this purpose,
we report the synthesis of two different novel classes of diazocines (bistriphenylene
diazocines as well as imide diazocines) with multiple substituted extended aromatic =
systems. Depending on the required field of application, these diazocines can be late stage
derivatized for photochromic liquid crystalline and mechanophoric behavior as well as for
incorporation as cross linkers in aerogel actuators and gradient copolymers accessible
through initiated chemical vapour deposition (iCVD). These compounds convince by their
mechanomolecular properties (e.g. greater amplitude of motion during isomerization of the
azo group, multiple symmetric binding sites, better force transmission to the molecular
periphery), which makes them suitable universal compounds for use in novel

photoresponsive hybrid smart materials such as in soft robotics.

[1] R. Siewertsen, H. Neumann, B. Buchheim-Stehn, R. Herges, C. Néather, F. Renth, F. Temps, J.
Am. Chem. Soc., 2009, 131, 15594.

[2] W. Moormann, D. Langbehn, R. Herges, Synthesis, 2017, 49, 3471.

[8] W. Moormann, D. Langbehn, R. Herges, Beilstein J. Org. Chem., 2019, 15, 727.

[4] M. S. Maier, K. Hull, M. Reynders, B. S. Matsuura, P. Leippe, T. Ko, L. Schéffer, D. Trauner, J.
Am. Chem. Soc., 2019, 141, 17295.

[5] M. Walther, W. Kipke, R. Renken, A. Staubitz, RSC Adv., 2023, 13, 15805.
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hydroxyl radicals
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Understanding chemical reactivity of surface-attached functional groups with gaseous
reactive species is critical for many applications including atmospheric chemistry,
paints/coatings and sensors.l2l As contributors to the RADICAL consortium working on
atmospheric radical sensors,!'l we have studied reactions of ozone and non-thermal
He/H20/02 plasma (as a source of hydroxyl radicals) with functionalized self-assembled
monolayers on non-porous silica nanoparticles and planar silica substrates. In order to
characterize the reaction products on silica nanoparticles, we have developed
methodology for removing the monolayer from the surface to yield soluble products that

can be analysed by conventional analytical techniques.

ca  Z"sioEy), C8 =~ (CH,);Si(OMe),
csl WSi(OEt):, C12 22 (CHy)10Si(OMe)s
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o

We are particularly interested in the effect of monolayer environment (e.g., the presence
of adjacent molecules, monolayer thickness, position of the functional group in the
monolayer) on the kinetics and chemical reactivity of the monolayers. Initial results
suggest that the reactivity follows a similar trend to the bulk condensed phases with higher

ozone reactivity for shorter monolayers.

[1] M. Singh, N. Kaur, E. Comini, J. Mater. Chem. C, 2020, 8, 3938.
[2] https://radical-air.eu
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Kinetics and Mechanism of Azole n-n* Catalysed Acylation
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[l MRC Laboratory of Molecular Biology, Francis Crick Ave., Cambridge, CB2 3AP, U.K.
bl Jealott’s Hill International Research Centre, Syngenta, Bracknell, RG42 6EY, U.K.
[¢l EaStChem, University of Edinburgh, Joseph Black Building, David Brewster Road,
Edinburgh, EH9 3FJ, U.K.
* hdale @mrc-Imb.cam.ac.uk
# guy.lloyd-jones @ed.ac.uk

Azole anions are highly competent in the activation of weak acyl donors,!'-2 but, unlike
neutral aprotic Lewis bases, they have not yet gained significant traction as acylation
catalysts. Curious as to why this should be so, we have investigated the azole-catalyzed
aminolysis of p-fluorophenyl acetate using in situ and stopped-flow 'H/'°F NMR
spectroscopy, multifaceted kinetic analysis, isotopic labelling, 'TH DOSY and electronic
structure calculations, and used this archetypal system to assemble a holistic mechanistic
framework for acylative n-r* catalysis in the anionic mode.8l Even subtle changes to the
solvent, auxiliary base, or azole can elicit profound changes in the temporal evolution,
thermal sensitivity and progressive inhibition of azole-catalysed aminolysis, yet we show
that these findings can be readily reconciled with a single overarching mechanism — and
the general intermediacy of N-acyl azoles. The systematic analysis of 18 azole catalysts,
spanning nearly ten orders of magnitude in acidity, highlights the pitfall of pursuing ever-

more nucleophilic catalysts without regard for catalyst speciation.
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[1] X.Yang and V. Birman, Org. Lett., 2009, 11, 1499-1502
[2] N. De Rycke, F. Couty and O. R. P. David, Chem. Eur. J., 2011, 17, 12852-12871
[3] H. J. A. Dale, G. R. Hodges and G. C. Lloyd-Jones, J. Am. Chem. Soc., 2023, Just Accepted
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We demonstrate the gas-phase synthesis of prop-1-ene-1,1-diol 2, the hitherto unreported
higher energy tautomer of propionic acid, via flash vacuum pyrolysis of methylmalonic acid
1. The pyrolysis products were trapped in an argon matrix at 3.5 K and were characterized
by IR and UV-Vis spectroscopy in combination with density functional theory computations
at the B3LYP/def2-TZVP level of theory. Upon photolysis at A = 254 nm, enol 2 rearranges
to propionic acid 3. This is significant in low-temperature environments, such as
extraterrestrial space, where temperatures are generally too low to overcome the
necessary activation barriers. Enol chemistry including 2 has been suggested to have
played an important role in the chemical evolution that led to the origin of life on Earth.[]
One possibility is that enols have reached Earth through meteorites and have given rise
to higher molecular weight follow-up compounds that played a role on prebiotic Earth.['-4
Enediol 2 is expected to form via a similar mechanism as demonstrated for the preparation
of the enediol of acetic acid, which had been prepared only in 2020.1]

H
I

O
(0] O. 254 nm
H —/— > \)J\O/H

’ | [1,3]H-shift
RLLEN H
OH"(P 500 °C 2 3
Ho)w/go Ar, 35K 0
-CO, I
1 € 4+ Ko
2
)J\H
4

Scheme 2: 1-Propane-1,1-diol (2) generated from methylmalonic acid (1) through
pyrolysis and trapping in an argon matrix. Subsequent photorearrangement to propionic
acid (3) or methylketene (4).

[1] B. Ménez, C. Pisapia, M. Andreani, F. Jamme, Q. P. Vanbellingen, A. Brunelle, L. Richard,
P. Dumas, M. Réfrégiers, Nature 2018, 564, 59.

[2] C. F. Chyba, P. J. Thomas, L. Brookshaw, C. Sagan, Science (New York, N.Y.) 1990, 249,
366

[3] P. Ehrenfreund, S. B. Charnley, Annu. Rev. Astron. Astrophys. 2000, 38, 427

[4] V. K. Pearson, M. A. Sephton, A. T. Kearsley, P. A. Bland, I. A. Franchi, |. Gilmour, Meteorit.
Planet. Sci. 2002, 37.

[5] A. Mardyukov, A. K. Eckhardt, P. R. Schreiner, Angew. Chem., Int. Ed. 2020, 59, 5577.
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The threefold Huisgen reactionl'l of cyanuric chloride and alkoxyphenyl tetrazoles gives
tristriazolotriazines 1a-h, fluorescent m-conjugated molecules. The phenyl rings are
tangentially attached tristriazolotriazine, the torsion angles between triazole and phenyl
are 12 — 82°,[2lgiving a paddle-wheel structure to these discotic molecules. Triphenyl-TTT
melts above 300 °C, but 2 or 3 medium length alkoxy chains result in broad mesophases,
typically with a hexagonal columnar structurel® 4 and often a complex superstructure.[s!
Contrary to earlier reports,[®l these DLCs are not thermostable. A rearrangement of the
TTT occurs in three successive steps, bringing phenyl substituents from tangential
positions in 1 to radial positions as in 2. The new r-TTT is nearly planar, dihedral angles
are 6° or less. The extension of the molecular diameter and the planarization have a huge
impact on the thermotropic properties: higher melting points are typical, complete
destruction of mesomorphism, but also the transformation of non-mesomorphous +TTTs

to discotic liquid crystals have been observed.

R1 R3 R! R2
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=N R2 \N R3
N 1 NN
NN R =
20 Vo
NN 3 Octadecan/N, N ~N
l\\l 1/ R \ l(l R2
~N
3 2 R?
R R 1a-h 2a-h
R1 R3

Fig. 1: Thermal tangential-radial isomerisation of tristriazolotriazines

[1] R. Huisgen, H.J. Sturm, M. Seidel, Chem. Ber., 1961, 94, 1555.

[2] K. Herget, D. Schollmeyer, H. Detert, Acta Cryst. 2013, E69 0365.

[3] R. Cristiano, H. Gallardo, A. J. Bortoluzzi, I. H. Bechtold, C. E. M. Campos, R. L. Longo,
Chem. Commun. 5134-5136, (2008).

[4] S. Glang, V. Schmitt, H.Detert, Proc. 36" German Topical Meeting Lig. Cryst 2008, 125.

[5] T. Rieth, T. Marszalek, W. Pisula, H. Detert, Chemistry, 2014, 20, 5000.
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Electrophilic Reactivity of Cyclopropanes
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Cyclopropanes react as electrophiles in polar reactions when substituted with electron-
accepting groups.['l A donor substituent at C2 induces strong polarization of the C1-C2
bond, enhancing reactivity toward nucleophiles and steering regioselectivity.l Herein,
kinetic studies are discussed which provide insights into the factors that control polar

cyclopropane reactivity.
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A: acceptor group (ester, nitrile, sulfonyl, ...)

R = H, aryl, alkyl
Whereas reactivities of sp2-hybridized centers (Michael acceptors, carbocations) are fairly
well understood,?®! this is not the case for Sn2-type reactions involving sp3-hybridized
carbon centers. Intrinsic properties of the electrophile play an important role and a
systematic description of reactivities is difficult due to the concurrent cleavage and
formation of a o-bond. By monitoring non-catalytic ring-opening reactions with strong
nucleophiles, inherent reactivities of cyclopropanes can be assessed.!“5 Cyclopropanes
with substituents at C2 react faster than unsubstituted analogues. Variation of substituents
at the aryl groups at C2 gives rise to parabolic Hammett relationships. If conformational
flexibility of A at C1 is not locked (e.g. by incorporation into a spirocycle) dramatically
reduced reaction rates are observed. Rate constants k2 for ring-opening reactions are
compared to related Michael additions and classical Sn2 reactions. Furthermore,

quantum-chemical calculations are used to rationalize observed trends.

[1] S. Danishefsky, Acc. Chem. Res., 1979, 12, 66.

[2] (a) V. Pirenne, B. Muriel, J. Waser, Chem. Rev., 2021, 121, 227; (b) A. U. Augustin, D. B. Werz,
Acc. Chem. Res., 2021, 54, 1528; (c) K. Ghosh, S. Das, Org. Biomol. Chem., 2021, 19, 965.

[3] D.S. Allgauer, H. Jangra, H. Asahara, Z. Li, Q. Chen, H. Zipse, A. R. Ofial, H. Mayr, J. Am. Chem.
Soc., 2017, 139, 13318.

[4] P. M. Justel, A. Stan, C. D. Pignot, A. R. Ofial, Chem. Eur. J., 2021, 27, 15928-15935.

[5] A. Eitzinger, A. R. Ofial, Pure. Appl. Chem., 2023, 95, 389.
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dioxide capture and activation
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Universidad Auténoma de Madrid, 28049 Madrid, Spain
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Since their discovery in 2006 by Stefan et al. ['l, Frustrated Lewis Pairs (FLP)
gained a lot of interest in the scientific community due to their large range of applications.
The main property that gives a bright future to those systems is their metal-free character
that integrates them in the “green chemistry” tendency. Due to the constant growing of
CO:2 concentration in the atmosphere one possible application of the FLP is the capture
and activation of CO2 molecules. FLP can be used as a possible storage supply, as well
as a catalyst that enables to capture CO2 and to activate it, making its transformation
easier 21, In the literature, there is a plethora of FLP. From the original P(Bu)s/B(CsFs)3 [],
to the 5,10-Disubstituted dibenzophosphaborines [3l, passing by the RsP-CH2CH2-BR:2
linked FLP 14, the boron Lewis acid seems to be a very interesting candidate. During the
study of several FLP reacting with CO213-9], it was shown that the capture of carbon dioxide
molecules by FLP can be controlled by playing with the acidity and basicity of the Lewis
acid and base or by imposing an internal or external electric field. One can pass from a
non-favorable, to a thermodynamically favorable reaction.
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M. Ferrer et al., Sci. Rep., 2023, 13, 2407
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Figure 1: Factors influencing the stability of the adduct formed by an FLP.

[1]1 G. C. Welch et al., Science, 2006, 314, 1124.

[2] Y. Zhang, T. Zhang, S. Das, Green Chem., 2020, 22, 1800.
[3] M. Ferrer et al., ChemPhysChem, 2022, e2022002.

[4] D. Stephan, Acc. Chem. Res., 2015, 48, 306.

[5] M. Ferrer et al., Sci. Rep., 2023, 13, 2407.
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A DFT Study of Isothiourea-Catalysed Diastereoselective

Michael Addition of B-Ketoesters to a,f-Unsaturated Esters
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ag266 @st-andrews.ac.uk

Asymmetric Michael additions are a useful synthetic tool for stereoselective C—C bond
formation and have been used previously for the enantioselective addition of malonates
to a,B-unsaturated esters.!'l Isothiourea organocatalysts have been used to promote facial
selectivity of such conjugate addition reactions by hinderance of one face by the phenyl
directing group, locking the unsaturated ester orientation by means of a 1,5-S--O
chalcogen interaction.2]

In this work, we use DFT (M06-2Xswp/def2-TZVP//M06-2Xsmp/def2-SVP) to rationalise the
diastereoselectivity achieved in the reaction using the Lewis basic isothiourea, HyperBTM,
as a catalyst. Due to the strongly zwitterionic character of the stereodefining transition
state, careful selection of the solvent model was important to identify the correct major
diastereomer. Explicit solvent molecules were found to improve the description of the
interaction between the solute and solvent, with electrostatics playing a key role in

controlling the diastereoselectivity.
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[1] J. Wu, C. M. Young, A. A. Watts, A. M. Z. Slawin, G. R. Boyce, M. Bihl and A. D. Smith, Org.
Lett., 2022, 24, 4040.

[2] C. M. Young, A. Elmi, D. J. Pascoe, R. K. Morris, C. McLaughlin, A. M. Woods, A. B. Frost, A. de
la Houpliere, K. B. Ling, T. K. Smith, A. M. Z. Slawin, P. H. Willoughby, S. L. Cockroft, A. D. Smith,
Angew. Chem., Int. Ed., 2020, 59, 3705.

68



Q

Poster 14 0.
T 1
ESOR2023

Amsterdam
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Ortho-quinone methides (0QMs) are highly versatile reagents which are frequently used
in organic synthesis. For example in various (4+n) cyclization reactions they generate
useful heterocycles like the chromane or chromene motifs.[1-4

We now synthesized a series of stable oQMs and characterized their electrophilic
reactivities by photometrically following the kinetics of their reactions with carbanions in
DMSO at 20°C. The experimental second-order rate constants k2 were evaluated by the
linear free energy relationship Ig k2 = sn(N + E)I5l and used to determine the electrophilicity
descriptor E of the oQMs. The thus determined E parameters were then successfully
utilized to predict novel oQM reactions with further types of nucleophiles.

The electrophilicities E of 0QMs correlate linearly with quantum chemically calculated
methyl anion affinities (MAASs), frontier orbital properties, Hammett substituent constants
and experimentally determined reduction potentials Epred. These correlations will be useful
to tailor novel oQMs with predictable properties and to compare them to previously
characterized pQMs.[6]
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[1] R. W. van de Water, T. R. Pettus, Tetrahedron 2002, 58, 5367.

[2] V. A. Osyanin, A. V. Lukashenko, D. V. Osipov, Russ. Chem. Rev. 2021, 90, 324.
[3] N. J. Willis, C. D. Bray, Chem. Eur. J. 2012, 18, 9160.

[4] S. B. Ferreira, F. d. C. da Silva, A. C. Pinto, D. T. G. Gonzaga, V. F. Ferreira, J.
Heterocycl. Chem. 2009, 46, 1080

[5] H. Mayr, M. Patz, Angew. Chem. Int. Ed. Engl.1994, 33, 938-957

[6] R. Lucius, R. Loos, H. Mayr, Angew. Chem. Int. Ed. 2002, 41, 91.
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Azo Based Ni(ll)-Porphyrin Derivatives
as Switchable MRI Contrast Agent

Marvin Gruenhagen, Rainer Herges
Otto Diels Institute of Organic Chemistry, Kiel, Germany
mgruenhagen@oc.uni-kiel.de

Traditional methods for functional contrast agents often focus on regulating water
exchange in paramagnetic gadolinium complexes. In contrast, our approach centers on
manipulating the spin state of a transition metal ion. While Gd3+ complex relaxivity is never
fully silenced even in tight ligand cages due to outer sphere and spatial effects,
transitioning a transition metal complex to the singlet spin state renders it completely silent
under MRI. This makes our approach more efficient in switching.

However, the drawback is that gadolinium(lll) boasts the highest relaxivity among all
elements on the periodic table. Opting for a different metal sacrifices sensitivity. Yet,
toggling contrast multiple times might offset this with enhanced signal-to-noise ratios
compensating for lower relaxivity.

Our method employs a porphyrin-based structure that complexes a nickel(ll) ion within. A
covalently linked azo-pyridine can reversibly isomerize upon light irradiation, coordinating
with the nickel center, shifting the nickel ion to a square pyramidal coordination, inducing
a paramagnetic high-spin state.

DFT calculations demonstrated that a chlorine framework in the cis-isomer provides nearly
optimal binding conditions. Introducing the azo function through cycloaddition also

converts the porphyrin framework into a chlorin structure.
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Pharmacophore-based virtual screening for
new modulators of RORy

Kerrin JanBen.@ Johannes Kirchmairlt!

lal Proppe Group, Institute of Physical and Theoretical Chemistry, TU Braunschweig,
GauBstraBe 17, 38106 Braunschweig, Germany
bl Department of Pharmaceutical Sciences, Division of Pharmaceutical Chemistry,
University of Vienna, Josef-Holaubek-Platz 2, 1090 Vienna, Austria
Kerrin.janssen@tu-braunschweig.de

Between 17 and 32 % of adults in Europel'l suffer from diseases related to the metabolic
syndrome. These diseases include diabetesl? but also cardiovascular diseasesl?l.
Because of their high prevalence, the development of new drugs for treating such
conditions is particularly relevant. One target associated with metabolic syndrome-related
diseases is the RAR-related orphan receptor gamma (RORYy)&L. In order to identify new
bioactive substances that intervene with RORYy, pharmacophore models were developed
for virtual screening. The best-performing pharmacophore model obtained good early
enrichment (EF1%) on a test set of 1149 known RORy modulators and 306 confirmed
inactive compounds. From the Enamine HTS collection database, eight compounds were
selected and purchased for experimental testing. One of these compounds was confirmed
to inhibit RORY with an IC50 of 2.3 pM. With a maximum similarity of 0.34 to known actives

and a maximum similarity of 0.30 to known inactives of RORY, the hit can be considered

X Y =
NH--->F O N—
GLU379— " =
},, ()
=0
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Figure 1: Hit structure for RORy with the corresponding pharmacophore model in the 3D

to be innovative.

representation (left) and the 2D representation (right).

[1] J. M. Dekker, C. Girman, T. Rhodes, G. Nijpels, C. D. Stehouwer, L. M. Bouter, R. J. Heine, Circ.,
2005, 112, 666.

[2] V. Hiebl, A. Ladurner, S. Latkolik, V. M. Dirsch, Biotechnol. Adv., 2018, 36, 1657.

[38] A.Ladurner, P. F. Schwarz, V. M. Dirsch, Nat. Prod. Rep., 2021, 38, 757.

71



Poster 17 °
Q

Q

ESOR2023

Amsterdam

Rhodanine-based Chromophores — Photoswitching and Light-
triggered Apoptosis

Laura Kéttner,[@ Friederike Wolff,[al Peter Mayerl®l, Esther Zaninlal, Henry Dubel?l
[al Friedrich-Alexander-Universitat, Erlangen-Nurnberg, Germany
b Ludwig-Maximilians-Universitat, Miinchen, Germany
Laura.Koettner @fau.de
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Molecular photoswitches are compounds that can adopt two or more reversible states

under external, waste-free stimuli. A structural change is often accompanied by a
modification of the physical or biological properties, making molecular photoswitches
attractive for a wide range of applications. Nevertheless, obtaining simple and efficient
access to these molecular tools is usually not granted, requiring intricate syntheses and
substitution schemes to achieve effective photoswitching properties. Rhodanine-based
photoswitches are easily accessible in one simple synthetic step without requiring
elaborate purification. These photoswitches show great performance as their
photoswitching is induced by UV/ vis light in both switching directions. Their high thermal
stabilities, high quantum yields together with their ability to form hydrogen bonds allow
applications in supramolecular or medicinal chemistry. The known rhodanine-based
inhibitor SMI-16a shows light triggered apoptosis as its activity can be switched ON or
OFF by reversible photoisomerization between the inactive E and the active Z isomer.
Therefore, rhodanine-based photoswitches represent an easy to access and highly
valuable molecular toolbox for implementing light responsiveness to functional molecular

systems.[]

[1] L. Kéttner, F. Wolff, P. Mayer, E. Zanin, H. Dube, ChemRxiv. Preprint., 2023.
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Molecular Flip Flops:

Spin Switching by Intramolecular Feedback

Jenny Méller,la Manuel Gruber,[?! Rainer Hergestal
lal University of Kiel, Kiel, Germany
] University Duisburg-Essen, Duisburg, Germany
jmoeller@oc.uni-kel.de

In this work, a novel spin switch based on a nickel(ll) porphyrin is further developed and
synthesized to be used as a basic building block for molecular spintronics.

The hairclip porphyrin was developed in our group and is characterized by the fact that it
does not contain a photochromic unit, as many other molecular switches do, but the spin
state is influenced by an intramolecular cooperative effect. The spin state was combined
with the porphyrin conformation and coordination of axial ligands in such a way that the
molecules can assume only two states (low-spin/ruffled/decoordinated or high-
spin/planar/coordinated). Low-temperature scanning tunneling microscopy was used to
demonstrate the selective and reversible switching of individual spin switches using a
tunneling current from the STM tip on a silver(111) surface. Both states are stable for at
least several days at 4 K.Il

The new hairclip porphyrin is thus an excellent building block for molecular spintronics,
since only one molecule is needed to achieve bistability. Logical units can be generated

by covalently linking the individual spin switches.

STM tip

[ metal surface

® bromine
___ covalent
bonding

Figure 1: In situ synthesis of logic units by Ullmann coupling on a metal surface. The coupling of
bromine-substituted hairclip porphyrins can be selectively achieved by excitation with a tunneling
current pulse.

[1] A. Kdbke, F. Gutzeit, F. Réhricht et al., Nat. Nanotechnol., 2020, 15, 18.
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Salts, Hydrates and Homoconjugates in the Direct Formation
of Amides

Roisin O’Deal@ Guy C. Lloyd-Jonesla, George Hodgesl®!

lal University of Edinburgh, Edinburgh, UK.
] Syngenta, UK.
R.O’Dea-1@sms.ed.ac.uk

Amide synthesis is the most frequently used chemical transformation in medicinal
chemistry. It is commonly thought that you cannot prepare an amide directly from a
carboxylic acid and amine due to formation of an unreactive salt pair. Alternative methods
include pre-activation of the carboxylic acid, or addition of catalysts, but this can be
expensive and produces a large amount of undesirable waste. Despite the misconception,
previous reports have shown that certain combinations of carboxylic acids and amines can
react in the absence of additives. ['l The direct coupling route poses a much simpler,
atomically efficient route, with water being the only by-product. Mechanistic studies into
this direct reaction in the absence of a catalyst remain extremely scarce and inconclusive.
In this work, we developed a system which facilitates in-situ 1*F-NMR reaction monitoring
of the non-catalysed direct amide formation without water removal. [21 Analysis of kinetic
data in varying reaction conditions, with the support of NMR titrations, revealed the
important role of excess carboxylic acid and water in the overall reaction rate. A
mechanistic hypothesis was proposed which includes complex equilibria between multiple
species to dictate the overall reaction outcome.
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Figure 1. Monitoring reaction kinetics of the direct amide formation using in situ 1°F-NMR.

[1] A) H. Charville, D. A. Jackson, G. Hodges, A. Whiting, M. R. Wilson, Eur. J. Org. Chem. 2011,
5981. B) C. L. Allen, A. R. Chhatwal, J. M. J. Williams, Chem. Comm., 2012, 48, 666.
[2] G. C. Lloyd-Jones, and co-workers, Prog Nucl Magn Reson Spectrosc, 2022, 129, 28.
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KINETICS AND MECHANISM OF TITANOCENE MEDIATED
POLYSULFANATIONS

Pedro H. Helou de Qliveira.l?l Dr Andrés Garcia-Dominguez,[@l and
Prof Guy C. Lloyd-Jones FRS.[a]
lal EaStChem, University of Edinburgh, School of Chemistry, Joseph Black Building,
Edinburgh, EH9 3FJ, UK
5§2016373@ed.ac.uk

Polysulfanes (R1SxRz) have differing properties based on their number of sulfur atoms.
Their biological role in the release of hydrogen sulfide, synthetic and pharmaceutical
applications has generated interest in their study and in the development of methods for
synthesizing them selectively.l Sulfur-transfer reagents are useful in delivering
polysulfanes with good selectivity, but the mechanism of such reactions has not been
studied in detail. Herein we present our results from studies on the reactions of titanocene
pentasulfide (Cpz2TiSs) with chlorosulfanes (RSCI) as electrophiles. Additionally, a
derivative of titanocene pentasulfide with an organosulfur ligand, titanocene tetrasulfide
isopropylidine (Cp2TiS4C(Me)z2),? 3 was synthesized and its kinetic properties in reactions
with chlorosulfanes were studied and compared to those of titanocene pentasulfide. Using
variable temperature Stopped-Flow UV (SF-UV) and variable temperature Stopped-Flow
NMR (SF-NMR) techniques we have determined the factors that govern the activation
barriers of the sulfur transfer processes. Computational investigations on the reaction
mechanism (KS-DFT) are in agreement with experimental results from the reactions of
various titanocenes and electrophiles.
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[1] R. Steudel, Chem. Unserer Zeit, 1996, 30, 226-234.
[2] D. M. Giolando, T. B. Rauchfuss, Organometallics, 1984, 3, 487—-489.
[3] A. Shaver, Chem. Inorganic Syntheses, 2007, 65—68.
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Design and Synthesis of New Hair Clip Porphyrines for
Optimization of Bistability in Solution

Niklas Piper, Rainer Herges
Otto Diels Institute of Organic Chemistry, Kiel, Germany
npiper@oc.uni-kiel.de, rherges @oc.uni-kiel.de

Today's challenges for electronic components have changed visibly. Due to rapid
progress, these are increasingly reaching their theoretical physical limits. This limit refers
to both the performance and the size or miniaturization of the special components.l-21 For
several decades now, there has been a growing interest in the development of even
smaller devices at the molecular level has been growing. Systems that use electron spin
as the source of information storage or transmission are classified with the term
"spintronics".[34] Based on the interconnected properties (spin-state, axial coordination
and conformation) of nickel(ll)porphyrins these molecules suite as building blocks for
molecular spintronic devices.

In our working group this lead to the development of the hairclip porphyrin (hcp). With the
incorporation of a rigid bridge with a pyridine ligand the coordination can be controlled and
only two states of the porphyrin are possible (low spin, ruffled, decoordinated (] high spin,
flat, coordinated). Scanning tunneling microscopy (STM) has proven the selective and

reversible switching of individual hcp molecules on a silver(111) surface.l®!

-

stimulus
e.g. light, pH, temperature or voltage
Fig. 1: Schematic illustration of the switching between uncoordinated and coordinated using different stimuli.

[1] M. Jurow, A. E. Schuckman, J. D. Batteas, C. M. Drain, Coord. Chem. Rev., 2010,
19-20, 2297.

[2] G. Ke, C. Duan, F. Huang, X. Guo, InfoMat., 2019, 1, 92.

[3] A. Aviram, M. A. Ratner, Chem. Phys. Lett., 1974, 2, 277.

[4]J. L. Zhang, J. Q. Zhong, J. D. Lin, W. P. Hu, K. Wu, G. Q. Xu, A. T. S. Wee, W.
Chen, Chem. Soc. Rev., 2015, 10, 2998.

[5] A. Kbbke, F. Gutzeit, F. Réhricht, et. al., Nat. Nanotechnol., 2020, 1, 18.
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Utilising Model Phosphine-Ligated Nickel Complexes to
Understand sp?-sp? Cross-Coupling

T. Kieran Redpathl@l, Tom J. A. Corrielf], Alan R. Kennedy!el, Catherine Weetmanlel
& David J. Nelsonlal*
lal Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow,

United Kingdom
b Syngenta, Jealott’s Hill International Research Centre, Bracknell, United Kingdom
*david.nelson @strath.ac.uk

Catalysis has underpinned modern synthetic chemistry since the 1970s, driving down
energetic requirements of reactions, decreasing cost and environmental impact, and
opening up new synthetic targets. Its importance cannot be overstated, culminating in the
2010 Nobel Prize for Chemistry being awarded for the development of palladium-catalysed
cross-coupling methods in organic synthesis. These methods often utilise platinum-group
metals, with palladium-catalysed methods being the most common. These metals have a
considerable environmental impact due to their low crustal abundance and the emissions
resulting from their mining and processing.['l An alternative metal for these catalytic
reactions is nickel; it shares enough similarities in its properties to allow it to undertake
these reactions.

Nickel has been the subject of much research into catalytic reactions, particularly in C-C
and C-X bond forming reactions.l2 - 4 Our area of interest is the C-C cross-coupling of
sterically hindered aryl moieties: current homogeneous nickel-catalysed methods achieve
only moderate yields under forcing conditions. Our aim is to investigate the steps in the
catalytic cycle, utilising model phosphine-ligated complexes to determine preferable ligand
properties for some C-C cross-coupling types and understand any pitfalls within these
cycles. Determination of preferred properties will enable for informed ligand use/design in

future cross-couplings.

R

[1] Nuss, P., Eckelman, M.J., PLoS ONE, 2014, 9, e101298

[2] Ananikov, V.P., ACS Catal., 2015, 5, 1964

[3] Tasker, S.Z., Standley, E.A., Jamison, T.F., Nature, 2014, 509, 299
[4] Chernyshev, V.M., Ananikov, V.P., ACS Catal., 2022, 12, 1180
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Revisiting Rotational Isomerism of Organic Compounds

Daniela Rodrigues Silva.l?! Lucas de Azevedo Santos,[@ Trevor A. Hamlin,@ Célia

Fonseca Guerra,[@ F. Matthias Bickelhauptlal
lal Department of Chemistry and Pharmaceutical Sciences, Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands
d.rodriguessilva@vu.nl

A firm grasp of the driving forces behind conformational isomerism is crucial for the rational
design of molecules with tailor-made properties. With this in mind, we reinvestigate the
rotational isomerism around the C—C bond in archetypal organic compounds within the
framework of Kohn-Sham molecular orbital (KS-MO) theory. Our bonding analyses reveal
that overall rotational energy profiles are always set by steric repulsion between occupied—
occupied orbitals. However, the conformational preferences can be shifted if one of the
two requirements are met: i) if the relative steric repulsion is too weak and thus easily
counteracted by subtle attractive interactions (e.g., hyperconjugationl'; 1 — 2, Fig. 1); or
ii) if stronger intramolecular interactions take place (e.g., hydrogen bondingl?; 1— 3, Fig.
1). Our analyses lead to a novel, fundamentally revisited picture of the physical

mechanisms behind well-known conformational effects in organic chemistry.
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Figure 1. Conformational preferences of 1,2-disubstituted ethanes.

[1]  D. Rodrigues Silva, L. de Azevedo Santos, T. A. Hamlin, C. Fonseca Guerra, M. P. Freitas, F.
M. Bickelhaupt, ChemPhysChem, 2021, 22, 641.

[2] F.A.Martins, L. de Azevedo Santos, D. Rodrigues Silva, C. Fonseca Guerra, F. M. Bickelhaupt,
M. P. Freitas, J. Org. Chem., 2022, 87, 11625.
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PREDICT: The Reaction Dynamics of the Nitrite Anion

David Ryan,lal Peter Byrne*,[a. bl Gerard McGlacken,al Martin Breugst,©! Turlough
Downesld!
lal Analytical and Biological Chemistry Research Facility, University College Cork, Cork, Ireland
b1 School of Chemistry, University College Dublin, Dublin, Ireland
[l Department of Chemistry, Technische Universitdt Chemnitz, Chemnitz, Germany
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Predicting Reaction Rates — Energy Diagrams for Chemical Transformations

The primary aim of this project is to develop a novel method for predicting Gibbs energies
of activation (the heights of activation barriers, AG¥) and hence the rates of chemical
reactions. The Sn2 alkylations of the nitrite anion were selected as one test case for the
development of this model. A Gibbs energy profile diagram was constructed for one
reference reaction by combining experimentally determined values of AG#, values of A:G°
calculated at a high level of theory,['l along with Intrinsic Reaction Coordinate (IRC)
data.34! For a given Series of alkylating agents (MeX, EtX) it is assumed that the Gibbs
energy well of the product remains unchanged. Consequently, the values of AG*for these
related reactions can be predicted. Upon comparison with experimentally derived values,
it is observed that the predictions closely reproduce activation barrier values. This work
will ultimately form part of a model which aims for general predictive capability of the rates
of chemical reactions. The potential impacts of such a model are far reaching and could
allow for efficient synthetic planning, maximisation of yields and minimisation of
contamination with impurities generated, in addition to reduction of waste generated and
power consumption.

[1] Sheehy, K.J., Bateman, L.M., Flosbach, N.T., Breugst, M., Byrne, P.A., Chem Sci., 2020,
11, 9630

[2] Fukui, F., J. Phys. Chem., 1970, 74, 4161

[3] Maeda, S., Harabuchi, Y., Ono, Y., Taketsugu, T., Morokuma, K.., Int. J. Quantum Chem.,

2015, 115, 258
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Diaryl-hemiindigos as visible light, pH, and heat responsive
four-state switches and application in photochromic
transparent polymersi

Maximilian Sacherer.lal Frank Hampell@ & Henry Dubelal

[al Friedrich-Alexander-Universitat, Erlangen-Nurnberg, Germany

Maximilian.Sacherer@fau.de

“Photoswitches are indispensable tools for responsive chemical nanosystems and are
used today in almost all areas of the natural sciences. Hemiindigo (HI) derivatives have
recently been introduced as potent photoswitches, but their full applicability has been
hampered by the limited possibilities of their functionalization and structural modification.
Here we report on a short and easy to diversify synthesis yielding diaryl-Hls bearing one
additional aromatic residue at the central double bond. The resulting chromophores offer
an advantageous property profile combining red-light responsiveness, high thermal
bistability, strong isomer accumulations in both switching directions, strong
photochromism, tunable acid responsiveness, and acid gating. With this progress, a
broader structural realm becomes accessible for HI photoswitches, which can now be
synthetically tailored for advanced future applications, e.g., in research on molecular
machines and switches, in studies of photoisomerization mechanisms, or in the generation
of smart and addressable materials. To showcase the potential of these distinct light-
responsive molecular tools, we demonstrate four-state switching, chemical fueling, and
reversible inscription into transparent polymers using green and red light as well as

acid/base stimuli, in addition to a comprehensive photochemical study of all compounds.™]

[1] M., Sacherer, F., Hampel, H. Dube, Nat Commun, 2023, 14, 4382.
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The organophosphorus compounds, namely, ftrialkyl phosphates, phosphonate,
phosphinate and phosphine oxides (Figure 1), have been extensively used for complexing
actinides. The extraction ability of a particular ligand is experimentally measured in the
form of distribution ratio (D value), which is defined as the ratio of the concentration of the
metal ion in the organic to that in the aqueous phase. An increasing trend in Dy values
is observed as we move from phosphate to phosphine oxides (0.25 < 10.8 < 120 < 38)
and upon elongation of the alkyl chain length in ligands (n-CsHs: 26, n-CsH11: 32, n-CsHa:
38).1 Hitherto the assumption was that the enhanced basicity (electron density) of
phosphoryl oxygen in trialkyl phosphine oxide over phosphinate, phosphonate and trialkyl
phosphates, as a result of the inductive effect of attached alkyl chains, was primarily
responsible for its better complexing behaviour with actinides. However, for the first time,
we have demonstrated through quantum chemical calculations that it is the “dispersion
and orbital interactions” and not the “phosphoryl oxygen basicity” that is primarily
responsible for the better complexing ability of phosphine oxides over other molecules.
The computed electronic charges (Table 1), energy decomposition and molecular orbital
analysis support our argument and provide valuable insights into the selectivity of ligands
for uranyl species. All calculations are carried out using ORCA version 4.2.1[21 and ADF
20163 program packages.

b © @

Figure 1. Lowest energy geometries of phosphate (a), phosphonate (b), phosphinate (c), and phosphine oxide
(d), with butyl group as alkyl unit at RI-BP86-D3BJ/def2-TZVP level. Color code: Red is oxygen, orange is
phosbhorous. arev is carbon and white colour reoresents hvdroaen.

Table 1. The calculated electronic charges for P and O in the ligands at RI-BP86-D3BJ/def2-TZVP level.

Ligands Charges on O and P (parenthesis) atoms r(.P=°O) _v(P:(_))
inA in cm-!
Mulliken NBO AIM
Phosphate —0.50 (+0.82) —1.07 (+2.43) —1.46 (+3.64) 1.48 1226
Phosphonate —-0.51 (+0.73)  —1.05 (+2.26) —1.46 (+3.38) 1.49 1216
Phosphinate ~ —0.51 (+0.64) —1.04 (+2.07)  —1.45 (+3.12) 1.49 1212
Phosphine oxide —0.52 (+0.58)  —1.03 (+1.84) —1.45 (+2.86) 1.50 1166

[1] Schulz, W. W.; Navratil, J. D., Science and technology of tributyl phosphate vol I: Synthesis,
Properties, Reactions and Analysis. CRC Press: United States, 1984.

[2] Neese, F., The ORCA program system. Wiley Interdiscip. Rev.-Comput. Mol. Sci. 2012, 2 (1), 73.

[3] SCM. ADF 2016; Theoretical Chemistry, V. U. A., The Netherlands, 2016; http://www.scm.com/.
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Regioselectivity in the Hofmann—Lo6ffler-Freytag Reaction: A
Computational Analysis of Rearrangement Reactions
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[l Ludwig-Maximilians-Universitat Minchen, Minchen, Germany
davor.sakic@pharma.unizg.hr

The Hofmann-Loffler-Freytag (HLF) reaction has emerged as a method for the late-stage
functionalization of remote C-H bonds,[1] facilitating the synthesis of five-membered
pyrrolidine rings through N-centered radicals using a 1,5-hydrogen atom transfer (HAT)
process.[2] Notably, the formation of six-membered piperidine heterocycles via 1,6-HAT
is prominently observed only within highly rigid or substituted systems.[3]

Our computational studies (RO-B2PLYP/G3MP2large) revealed negligible differences in
both thermodynamic and kinetic parameters for the two pathways within unsubstituted
alkyl chains. This finding contrasts the experimental dominance of the pyrrolidine ring
formation. We delved into the impact of different nitrogen-functionalizing groups, namely
tosyl, acetyl, and benzoyl, and probed into both intermolecular and intramolecular
mechanisms. Further insights led us to identify other possible rearrangement reactions
which likely influence regioselectivity. By harnessing these findings, we can adeptly modify
HLF reaction conditions to either favor piperidine outcomes or augment overall yields. Our

conclusions were corroborated by EPR and NMR studies on selected systems.
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[1] S Roy, S Panja, S R Sahoo, S Chatterjee, D Maiti Chem. Soc. Rev., 2023, 52, 2391
[2] C Martinez, K Mufiz, Angew. Chem., 2015, 54/28, 8287
[3] H Zhang, K Mufiz, ACS Catal., 2017, 7/6, 4122
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Effect of axial solvent coordination to Rhz-nitrene species
relevant to catalytic C-H amination
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Dirhodium tetracarboxylate complexes play a prominent role in catalysis and have been
intensively studied for their ability to promote the functionalization of C-C and C—H bonds.
While the reactivity and selectivity of these complexes can be altered by the solvent
chosen to run the reaction, the impact of its potential axial coordination has yet been
unexplored. In a recent publication, the influence of axial solvent coordination to dirhodium
carbenes was assessed computationally, regarding the formation of the carbene
intermediate.['l The authors indicate that the effects are small but can still influence
reactivity and selectivity outcomes. In our group, the use of dirhodium chiral catalysts has
made it possible to promote a variety of nitrene transfer reactions with good yields and
selectivity.l?l In some cases, the choice of the solvent was found crucial.l®! In this study,
we employed DFT method to assess physical, geometric and electronic changes induced
in Rh-nitrene species upon solvent coordination. We also evaluated their relative reactivity

towards C-H amination. Our results provide valuable insights for catalytic applications.

[1] C. J. Laconsay, A. Pla-Quintana, D. J. Tantillo, Organometallics 2021, 40, 4120-4132.

[2] V. Boquet, A. Nasrallah, A. L. Dana, E. Brunard, P. H. Di Chenna, F. J. Duran, P. Retailleau, B.
Darses, M. Sircoglou, P. Dauban, J.Am. Chem. Soc. 2022, 144, 17156-17164.

[3] a) A. Nasrallah, V. Boquet, A. Hecker, P. Retailleau, B. Darses, P. Dauban, ACIE 2019, 58, 8192-
8196; b) E. Brunard, V. Boquet, E. Van Elslande, T. Saget, P. Dauban, Journal of the American
Chemical Society 2021, 143, 6407-6412.
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We recently reported the unusual rearrangement of a C(3)-anilino-1,2,4-triazolium ion,

commonly known as Nitron 1, into bench stable Blatter-type organic radicals 2 and 3.1"]

These benzotriazinyl radicals have seen successful application as switchable signal

enhancement agents for NMR spectroscopy.? Only the synthesis of the parent Nitron 1

was reported prior to this work, 3! which we used to access radical derivatives with simple

alkyl substituents.l'l We now report an improved synthetic route to 1, allowing access to a

broader range of C(3)-anilino-1,2,4-triazolium ions encompassing electron donating and

withdrawing substituents. The range of 1,2,4-triazolium ions was evaluated in the

rearrangement to Blatter radicals, with radical formation proved to be dependent on the

equilibrium position (Kt) between the zwitterionic (ZT) and N-heterocyclic carbene (NHC)

(CT) tautomeric forms of the ions. Determination of NH and C(5)-H pKas enabled access

to Kt values for zwitterion-NHC tautomerization.

Nitron to Blatter radical
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Increased scope:
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rearrangement

R = COH - 8 examples
R =H - 6 examples

[1] J. A. Grant, Z. Lu, D. E. Tucker, B. M. Hockin, D. S. Yufit, M. A. Fox, R. Kataky, V. Chechik and A. C.

O’Donoghue, Nat. Commun., 2017, 8, 6

[2] F.Saenz, M. Tamski, J. Milani, C. Roussel, H. Frauenrath and J.-P. Ansermet, Chem. Commun., 2022, 58, 689
[8] A.P.Kriven’ko and N. A. Morozova, Russ. J. Appl. Chem., 2006, 79, 506
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Antiaromaticity vs Asynchronicity
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Tropone is an unreactive diene in Diels-Alder reactions, but it can be activated via carbonyl
umpolung by using hydrazone ion analogs. Recently, the higher reactivity of hydrazone
ion analogs was ascribed to a raised HOMO energy induced by antiaromaticity.l'! This
dearomatizing HOMO-raising rationale is frequently used to explain observations in the
laboratory. We, however, show that the correlation between a raised HOMO energy and
a higher reactivity is not causal.l? Instead, the real physical mechanism behind the
lowering of the activation barrier is the amplified asynchronicity of the reaction mode,
resulting in (i) less deformation of the reactants, and (ii) a relief in destabilizing Pauli

repulsion between the deformed reactants.

Reactivity

N/
N

Synchronous Asynchronous

Aromatic Antiaromatic

[1] L. J. Karas, A. T. Campbell, I. V. Alabugin, J. I. Wu, Org. Lett., 2020, 22, 7083.
[2] E. H. Tiekink, P. Vermeeren, T. A. Hamlin, Chem. Commun., 2023, 59, 3703.
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Selective and feasible reactions are top targets in synthesis planning, both of which
depend on the reactivity of the molecules involved. Mayr’s approach to quantifying
reactivityl'l has greatly facilitated the planning process, but reactivity parameters for new
compounds require time-consuming experiments. In the past decade, data-driven
modeling has been gaining momentum in the field as it shows promise in terms of efficient
reactivity prediction.[2l However, state-of-the-art models use quantum chemical data as
input, which prevents access to real-time planning in organic synthesis.

We present a novel data-driven workflow for predicting reactivity parameters of molecules
that takes only structural information as input, enabling de facto real-time reactivity
predictions.lBl We use the well-understood chemical space of benzhydrylium ions as an
example to demonstrate the functionality of the approach and the performance of the
resulting quantitative structure—reactivity relationships (QSRRs). The results suggest that
it is straightforward to build low-cost QSRRs that are accurate, interpretable, and

transferable to yet unexplored systems within a given scope of application.
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[1] H. Mayr, M. Patz, Angew. Chem. Int. Ed. Engl. 1994, 33, 938.
[2] M. Vahl, J. Proppe, Phys. Chem. Chem. Phys. 2023, 25, 2717.
[3] M. Vahl, J. V. Diedrich, M. Micke, J. Proppe, 10.26434/chemrxiv-2023-dx1qv, 2023.
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Our recent research focused on a detailed analysis of the substituent effect (SE) in
disubstituted polyenes, polyynes and acenes (spacers) with n=1 —5 and 10 repeatable
units (Figure 1, left).l"l In order to quantitatively describe the SE, homodesmotic reactions
and the cSAR (charge of the substituent active region) parameter were used. Study also
included analyses of geometry and electron delocalization with a recent EDDB (electron
density of delocalized bonds) method. The obtained results allowed to evaluate how the
SE weakens with n (Figure 1, left), depending on the Y group and the spacer type. The

weakening is best approximated by exponential functions and differs for Y = NO2 and O-.

Substituent effects (SEs):
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Figure 1. (leff) Studied systems and aspects of the SEs; SE strength in % relative to the p-benzene
derivatives as a function of spacer length, n.l'l (right) Electron-donating (ED) and withdrawing (EW)
properties of spacers in % relative to benzene, as a function of n.[2]

For the first time, we also show how electron-donating and withdrawing properties of
spacers change with n (Figure 1, right), and visualize the changes in electron
delocalization within spacers and substituents using the EDDB method. The latter provides

great insight into the nature of SEs and the interaction between substituents and spacers.

[1] Shahamirian, M.; Wieczorkiewicz, P.; Krygowski, T.M.; Szatylowicz, H. J. Org. Chem, 2023,
ASAP Articles. DOI: 10.1021/acs.joc.2c02936

[2] Wieczorkiewicz P.; Shahamirian, M.; Makieieva, N.; Kupka, T.; Krygowski, T.M.; Szatylowicz, H.
2023, Submitted.
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EPR and NMR Investigation of Hofmann-Léffler—Freytag
Reaction: Detection of N-centered Radical
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The Hofmann-Loffler-Freytag (HLF) reaction is a tool for functionalizing remote C-H
bonds,["! leading to the formation of pyrrolidine rings or Cs-substituted products. The
mechanism of this reaction involves a rearrangement via 1,5-hydrogen atom transfer
(HAT) from an N-centered radical. Studies by the Roizenl?l and Mufizl®l groups have
reported the formation of piperidine and Cs-halogenated products via 1,6-HAT.

We present the progress of an EPR and NMR study on N- and C-centered radical
intermediates of the HLF reaction derived from N-halogen-N-alkyl-tosylamides. These
radicals, produced by in situ UV light irradiation, are captured using a phenylbutylnitrone
(PBN) spin trap, with the resultant adducts monitored via EPR. Our EPR measurements
identified a CI-PBN adduct produced by light in toluene experiments, substantiating that
light effectively homolytically cleaves the N-CI bond, leading to a chlorine radical that
rapidly combines with PBN. Furthermore, we discerned EPR signals from spin adducts of
light-induced N-centered radicals and rearrangement products, examining variations in N-
halogen bonds (CI/Br) and solvent environments (toluene/n-heptane). Conclusively, NMR

data showcased the formation of several chlorinated products.
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