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Welcome to CBOND2024

On behalf of the Organizing Committee, it is a pleasure to welcome you to the
4th European Symposium on Chemical Bonding (CBOND2024), which takes
place on 23-27 September 2024 at the O|2 Building on the campus of the Vrije
Universiteit Amsterdam.

The European Symposium on Chemical Bonding an international conference
series that started in 2016 with meetings being held across Europe.

2016 Rouen, France
2018 Oviedo, Spain
2022 Amsterdam, The Netherlands (online)

The series is one of the key activities of the European Committee for Chemical
Bonding to promote science and research in the realm of chemical bonding
theory.

We wish you a wonderful stay in the beautiful city of Amsterdam and a pleasant
and inspiring conference, with many interesting discussions, at Vrije Universiteit
Amsterdam.

F. Matthias Bickelhaupt, Célia Fonseca Guerra, Trevor A. Hamlin, and Pascal
Vermeeren
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Aromaticity of Adsorbed n-Electron Systems
Jakob Schramm, @ Ralf Tonner-Zechal
lal Wilhelm-Ostwald-Institut fir Physikalische und Theoretische Chemie, Universitat Leipzig,
LinnéstraBe 2, 04103 Leipzig, Germany
jakob.schramm @uni-leipzig.de

The interactions between polycyclic hydrocarbons (PCHs) and metal surfaces are a crucial
factor in the performance of organic electronic devices. Therefore, a deeper understanding of
such metal-organic interfaces is necessary. An important chemical concept for the description
of PCHs is aromaticity. Over the past years, numerous aromaticity indices have been proposed,
which can be broadly divided into four categories: energetic, geometric, electronic, or magnetic.
Upon interaction of the r-electron system of a PCH with a metal substrate, the aromaticity of
the PCH can, however, be significantly altered. To evaluate this effect, we investigated a set of
11 non-alternant and 11 alternant PCHs adsorbed on a Cu(111) surface. We previously showed
that these systems exhibit different strengths of interactions ranging from physisorption to weak
and strong chemisorption.!']

Using density functional theory with periodic boundary conditions, we were able to use
geometric and electronic aromaticity indices to investigate the aromaticity of the adsorbed
molecules. Comparison with their gas phase aromaticity showed significant changes upon
adsorption. Those changes in aromaticity seem to be a promising extension to the usual
interfacial properties, addressing effects not covered by them and contributing to a better

understanding of metal-organic interfaces.

[1] J. Schramm, R. Tonner-Zech, in preparation.
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Aromaticity Descriptors under Isotropic Pressure

Jochen Eeckhoudt,[@ Alexander Dellwischt], Tim Neudecker®!, Mercedes Alonsol@, Frank De
Proftlal
[l Vrije Universiteit Brussel, Brussels, Belgium

bl University of Bremen, Bremen, Germany
Jochen.pedro.eeckhoudt@vub.be

In the past decades, the interest in high pressure chemistry has taken up again, bringing with
it developments in quantum mechanical models for describing pressure at the single molecular
level. While some of these, such as X-HCFFU'], start from mechanochemical principles, others,
such as GOSTSHYPI3, apply the pressure directly through the Hamiltonian operator. These
models have allowed for the evaluation and analysis of many atomic and molecular propertiesi®!
and are now used to study the elusive aromaticity concept, which has only been sparsely
investigated under pressurel*5l. In our work, we consider some of the most widely used
descriptors and indices for quantifying aromaticity and examine their behaviour under pressure
for benzene, the archetypal aromatic system. We consider the effects of different pressure
models and determine what causes changes in aromaticity, how they are meaningful and where

they (dis)agree.

[1]  T., Stauch, J. Chem. Phys., 2020, 153, 134503.

[2] M., Scheurer, A., Dreuw, E., Epifanovsky, M., Head-Gordon, T., Stauch, Chem. Theory Comput.,
2021, 17, 583.

[8] J., Eeckhoudt, T., Bettens, P., Geerlings, R., Cammi, B., Chen, M., Alonso, F., De Proft, Chem. Sci.,
2022, 13, 9329.

[4] S., Fanetti, M., Citroni, R., Bini, J. Phys. Chem. C, 2014, 118, 13764.

[5] N., Casati, A., Kleppe, A.P., Jephcoat, P., Macchi, Nat. Commun., 2016, 7, 10901.
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Radical Scavenging and Anti-Ferroptotic Molecular Mechanism

of Olanzapine: Insight from a Computational Analysis
Davide Zeppilli,[@l Giacomo Grolla,@ Valerio Di Marco, [a Giovanni Ribaudo,®! and Laura
Orianal
lal Dipartimento di Scienze Chimiche, Universita degli Studi di Padova, Via Marzolo 1, 35131
Padova, ltaly.
I Dipartimento di Medicina Molecolare e Traslazionale, Universita degli Studi di Brescia,
Viale Europa 11, 25123 Brescia, ltaly.
davide.zeppilli@phd.unipd.it

Olanzapine is an antipsychotic drug which has been reported to suppress ferroptosis,['l a
recently discovered form of regulated cell death.l2l The ROS scavenging activity of olanzapine
is investigated in silico using state-of-the-art DFT calculations (level of theory: (SMD)-M06-
2X/6-311+G(d,p)//M06-2X/6-31G(d)). Indeed, this reactivity is linked to the therapeutic activity
of many antipsychotic drugs and ferroptosis inhibitors.[®l In detail, the distinction between
Hydrogen Atom Transfer (HAT) and concerted Proton Coupled Electron Transfer (cPCET) is
elucidated for the most reactive sites of the studied molecule. An anti-ferroptotic cyclic
mechanism is proposed for ferrostatin-1, a well-known ferroptosis inhibitor,[*l as well as for
olanzapine, involving the oxidation of Fe'' to Fe'!, the quenching of hydroperoxyl radicals and
the subsequent regeneration of the reactant (level of theory: MO06/6-
311+G(d,p),def2TZVP//M06/6-31G(d),LANL2DZ), paving the route to a molecular explanation
of this complex biological process.
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[1] X. Jiang, X. Teng, H. Shi, L. Cao, L. He, Q. Gu, Bioorg. Chem. 2023, 133, 106393.
[2] S. J. Dixon, K. M. Lemberg, M. R. Lamprecht, R. Skouta, E. M. Zaitsev, C. E. Gleason, D. N.
Patel, A. J. Bauer, A. M. Cantley, W. S. Yang, B. Morrison, B. R. Stockwell, Cell 2012, 149, 1060-1072.
[3] G. Ribaudo, M. Bortoli, C. Pavan, G. Zagotto, L. Orian, Antioxidants 2020, 9, 714.
[4] G. Miotto, M. Rossetto, M. L. Di Paolo, L. Orian, R. Venerando, A. Roveri, A.-M. Vuckovié, V.

Bosello Travain, M. Zaccarin, L. Zennaro, M. Maiorino, S. Toppo, F. Ursini, G. Cozza, Redox Biol. 2020,
28, 101328.
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Retro-Cope elimination of cyclic alkynes: reactivity trends and

rational design of next-generation bioorthogonal reagents
Steven Beutick,[2b! Song Yu,@ Laura Orian,[b! F. Matthias Bickelhaupt,l2¢d Trevor A. Hamlinlal
[l Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
bl Universita degli Studi di Padova, Padova, Italy
lelRadboud University, Nijmegen, The Netherlands
[l University of Johannesburg, Johannesburg, South Africa
S.e.beutick@vu.nl

The retro-Cope elimination reaction between dimethylhydroxylamine (DMHA) and various
cyclic alkynes has been quantum chemically explored using DFT at ZORA-BP86/TZ2P. The
purpose of this study is to understand the role of the following three unique activation modes
on the overall reactivity, that is (i) additional cycloalkyne predistortion via fused cycles, (ii)
exocyclic heteroatom substitution on the cycloalkyne, and (iii) endocyclic heteroatom
substitution on the cycloalkyne. Trends in reactivity are analyzed and explained by using the
activation strain model (ASM) of chemical reactivity. Based on our newly formulated design
principles, we constructed a priori a suite of novel bioorthogonal reagents that are highly
reactive towards the retro-Cope elimination reaction with DMHA.[@ Our findings offer valuable

insights into the design principles for highly reactive bioorthogonal reagents in chemical
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[1] a) D. Kang, J. Kim, J. Am. Chem. Soc. 2021, 143, 5616-5621; b) D. Kang, S. T. Cheung, J. Kim,
Angew. Chem. 2021, 133, 17084—17089; c) D. Kang, S. T. Cheung, A. Wong-Rolle, J. Kim, ACS
Cent. Sci. 2021, 7, 631-640; d) D. Kang, S. Lee, J. Kim, Chem. 2022, 8, 2260-2277.

[2] S. E. Beutick, S. Yu, L. Orian, F. M. Bickalhaupt, T. A. Hamlin, Chem. Sci., 2024, DOI:
10.1039/d4sc04211e
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Trends in the Reactivity of Pentacyclic Ether Derivatives on
Silicon and Germanium Surfaces Revealed by Energy

Decomposition Analysis for Extended Systems
Franz Thiemann,[® Hendrik Weiske,[@ Ralf Tonner-Zechlel
lal Wilhelm-Ostwald-Institut fir Physikalische und Theoretische Chemie, Universitat Leipzig,

LinnéstraBe 2, 04103 Leipzig, Germany
franz.thiemann @uni-leipzig.de

Organic functionalization has emerged as a promising way of tailoring surface properties of
semiconductors to fit a wide range of applications. Especially silicon and germanium are of
great interest due to their industrial relevance. Therefore, we analyzed the adsorption and ring-
opening reaction of pentacyclic chalcogen alkyls with chalcogen atoms ranging from oxygen to
tellurium using simulations. This extends our previous investigation of THF on siliconl'! to the
germanium surface and the heavier chalcogen homologues. Following the dative bound state,
subsequent ring-opening reactions were found to proceed via a nucleophilic back-side attack,
similar to a molecular Sn2 reaction. We present data from periodic energy decomposition
analysis!2l (pEDA) for precursor and transition state structures that reveal distinctive differences
between silicon and germanium. Reaction energies and barrier heights exhibit a maximum at

the sulfur derivative, with the lower barrier of THF being caused by the ring strain.

Si Ge

X=0 S Se Te
e O O @

[1] L. Pecher, S. Laref, M. Raupach, R. Tonner, Angew. Chem. Int. Ed, 2017, 56, 15150.
[2] M. Raupach, R. Tonner, J. Chem. Phys, 2015, 142, 1941195.
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Effect of Chalcogen Atom Size on Hydrogen Bond Strength in

Amide-based Linear Polymers
Siebe Lekanne Deprezl@l, Lucas de Azevedo Santosl@, Celine Nieuwland!@l, David
Almacellasl, Jordi Poaterle<l, Pascal Vermeerenla, Célia Fonseca Guerralal
lal Department of Chemistry and Pharmaceutical Sciences, Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands
Ib] Departament de Quimica Inorganica i Organica & Institut de Quimica Teodrica |

Computacional, Universitat de Barcelona, Barcelona, Spain
[l ICREA, Barcelona, Spain
S.j.lekanne.deprez@vu.nl

Supramolecular linear chains of urea, deltamide, and squaramide have the potential to form complex
supramolecular structures due to their capability of forming hydrogen bonds!], but what are the implications
considering their sulfur and selenium analogues? Previous work with urea showed that substituting sulfur
and selenium for oxygen leads to an unexpected increase in hydrogen-bond donor strengthf2. Our current
work extends these insights to the supramolecular realm, utilizing dispersion-corrected density functional
theory (ZORA-BLYP-D3(BJ)/TZ2P) to explore how these chalcogen substitutions influence hydrogen
bonding in linear chains composed of urea, deltamide, and squaramide building blockst?. We reveal that
as the chalcogen size increases, the larger chalcogen withdraws more charge from adjacent amino groups,
amplifying the positive character of hydrogen donors and strengthening their interaction with negatively
charged acceptors. This nuanced interplay of forces expands the toolkit for designing supramolecular
assemblies with tailored properties.

Hydrogen-Bond Donor Capability

[11 L. de Azevedo Santos, D. Cesario, P. Vermeeren; S.C.C. van der Lubbe, F. Nunzi, C. Fonseca
Guerra, ChemPlusChem, 2022, 87, e202100436.

[2] C. Nieuwland, C. Fonseca Guerra, Chem. Eur. J., 2022, 28, €202200755.

[8] S. Lekanne Deprez, L. de Azevedo Santos, C. Nieuwland, D. Almacellas, J. Poater, P. Vermeeren,
C. Fonseca Guerra, Ready for Submission
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Unravelling the changes in the geometries of sandwich

compounds induced by cation-m interactions — a DFT study
Katarina A. Cerani¢,[d Snezana D. Zari¢, P! Dugan P. Malenovlt!

[l Innovative Centre of the Faculty of Chemistry, Studentski trg 12-16, Belgrade, Serbia
bl University of Belgrade — Faculty of Chemistry, Studentski trg 12-16, Belgrade, Serbia.
katarina ceranic@chem.bg.ac.rs

lon-tt interactions are important in numerous molecular systems. These interactions can be
enhanced by the transition metal coordination of aromatic rings, which was previously show on
anion-ttinteractions of benzene half-sandwich compounds,['l as well as cation-mtinteractions of
ferrocene.l? In this work, we have studied structural changes in the geometries of three
benzene sandwich compounds (Cr(benzene)2, Mo(benzene). and W(benzene)z2) upon the
formation of cation-ttinteractions. Cation-t complexes of three benzene sandwich compounds
with alkali and alkaline earth metal cations, as well as ammonium, were examined by the means
of DFT calculations, employing the B3LYP density functional with def2-TZVP basis set. The
studied sandwich compounds form stronger cation-tt interactions than (uncoordinated)
benzene, and these interactions are particularly strong for alkaline earth cations
(W(benzene)2/Mg2+ interaction has the energy of -196.77 kcal/mol). The formation of these
cation-tt interactions induces several interesting changes in the geometries of sandwich
compounds. Namely, the distance between aromatic rings in the sandwich (dnn, Fig. 1) is
relatively constant whether or not cation-minteraction is formed. However, cation-mtinteractions
induce the shortening of the dmniop distance (Fig. 1) and the lengthening of the dwm-rpottom
distance (Fig. 1), and this effect gets more pronounced by the strengthening of cation-mt

interactions.

Fig. 1. Cation-tt complex of a sandwich compound. Cat is for cation; Cen is for centroid; and

M is for a transition metal: Cr, Mo or W.

[1]  D. P. Malenov, S. D. Zari¢, Chem. Eur. J., 2021, 27, 17862.
[2] A. H. likhechi, J. M. Mercero, I. Silanes, M. Bolte, M. Scheibitz, H. W. Lerner, J. M. Ugalde, M.
Wagner, J. Am. Chem. Soc., 2005, 127, 10656.
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[1,n]-Metal Migrations for Directional Translational

Motion at the Molecular Level
Emma L. Hollis, [l Michael N. Chronias, & Carlijn L. F. van Beek, [@ Paul J. Gates [@ and
Beatrice S. L. Collinstal"
lal University of Bristol, Bristol, United Kingdom

emma.hollis @bristol.ac.uk

bs.lefanucollins @bristol.ac.uk

We present carbon-to-carbon rhodium migrations as a new approach to mimicking the dynamic
association that underpins directional translational molecular level motion displayed by
biological systems such as DNA polymerase and myosins.['l To date, artificial rotaxane or
molecular walker systems which display controlled translational molecular level motion either
utilise mechanical bonds and ratcheting mechanisms to achieve directional movement.[@ Or,
for the walker systems that do not utilise a mechanical bond, the stepwise intervention of an
experimentalist is required to achieve directionality.[®l The system detailed herein represents
the first example of autonomous directional translational motion at the molecular level in a fully

synthetic system that does not rely on mechanical bonds.

Rh! Y~Rh‘

I
~ alkyl -to-aryl ~. Rh! aryl to-aryl b X
O mlgratory [ 1,4]-rhodium 1, 4] -rhodium —»
Inseruon mlgrallon mlgratlon

Figure 1: Three-step system using norbornene as a hydrocarbon chemical fuel (X=Y) and rhodium

migrations for the directional translation of a rhodium centre along archetypal track 1,4-polypheneylene.

Upon a polyaromatic track, rhodium may be translated unidirectionally via repeating cycles of
the following three-step process: incorporation of the strained hydrocarbon fuel norbornene
(X=Y), followed by an alkyl-to-aryl rhodium migration, then an aryl-to-aryl rhodium migration.
The incorporation of large norbornene groups onto various polyaromatic tracks has been shown
to ratchet the system and achieve the directional translation of a rhodium centre over extended

distances, without the requirement of a mechanical bond.

[1]  Breyer, W. A. and Matthews, B.W. Prot. Sci. 2001, 10, 1699.
[2] S. Borsley, D. A. Leigh and B. M. W. Roberts, J Am Chem Soc, 2021, 143, 4414.
[8] M. Von Delius, E. M. Geertsema and D. A. Leigh, Nature Chemistry, 2009, 2, 96.

16


mailto:emma.hollis@bristol.ac.uk
mailto:bs.lefanucollins@bristol.ac.uk

CBOND2024

Amsterdam

Going where Experimentalists Fear to Tread: Computational

Chemistry to the Rescue in Understanding XeOs Chemistry
Soumya Ranjan Dash,[2 %1 Kumar Vanka*. bl
lal Physical and Materials Chemistry Division, CSIR-National Chemical Laboratory, Dr. Homi
Bhabha Road, Pashan, Pune-411008, India
bl Academy of Scientific and Innovative Research (AcSIR), Ghaziabad-201002, India
srdchem@gmail.com
k.vanka@ncl.res.in

The hazardous nature of XeOs makes computational studies an ideal means of exploring its
new chemistry.['2 To enhance the stability of this highly explosive and shock-sensitive
compound, DFT calculations were conducted to investigate its potential complexation with
crown ethers and their thio (-S) and aza (-NR) analogues.[*4 Interestingly, aza-crowns
exhibited superior binding to XeOs compared to their oxygen and thio counterparts. However,
while the binding affinity was observed to increase with the size of the crown ethers in the latter
cases, aza-crowns showed a variable size preference, peaking with aza-15-crown-5 and
decreasing thereafter. Significant contributions from secondary C-H...O interactions were
found to strengthen the o-hole-mediated aerogen bonding in these complexes. Additionally, a
rare Xe...Xe interaction was observed to influence the coordination number of xenon in a 1:2
complex of 18-crown-6 with two XeOs molecules, resulting in a first-of-its-kind inverse sandwich

complex for a noble gas compound.!5!

9-Crown-3 12-Crown-4 15-Crown-5 18-Crown-6

¢ Do Bt 2eT Inverse Sandwich Complex
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[11  A.Bauza, A. Frontera, Angew. Chem. Int. Ed., 2015, 54, 7340.

[2] S.R. Dash, K.Vanka, ChemPhysChem, 2024, 25, e202300908.

[8] S.R. Dash, H. Sharma, M.K. Tiwari, L. Greb, K. Vanka, Inorg. Chem., 2024, 63 (9), 4099.
[4] S.R. Dash, K.Vanka, ChemPhysChem, 2024, €202400302.

[5] S.R. Dash, K. Vanka, Inorg. Chem., 2024 (Just Accepted: 10.1021/acs.inorgchem.4c01744)
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The description of Atom and Bond Reactivity in the Language of

Conceptual Density (Matrix) Functional Theory
Bin Wang,[@ Paul Geerlings,?l Farnaz Heidar-Zadeh,®! Paul W. Ayers,[d Frank De Proft [l
[l Vrije Universiteit Brussel, Brussels, Belgium
bIQueen’s University, Kingston, Canada
lel McMaster University, Hamilton, Canada
Bin.Wang @vub.be

In the context of the growing impact of conceptual density functional theory (CDFT) as one of
the most successful chemical reactivity theories, response functions up to second order have
now been widely applied; in recent years, among others, particular attention has been focused
on the analytic evaluation of these response functions and extensions to higher order have
been put forward.['l The traditional CDFT gives sharp definitions for a set of well-known but
vaguely defined concepts such as chemical potential (electronegativity) and hardness/softness.
In addition, it gives access to regioselectivity, electro-/nucleophilicity through local reactivity
descriptors such as the Fukui function and (hyper)polarizability via a nonlocal (non)linear
response function.[23! In our study, their performances are compared between the analytical
approach with the wildly used finite difference approximation. In the same spirit of traditional
CDFT, we further extended its matrix formalism called conceptual density matrix functional
theory (CDMFT) for the description of the reactivity or property of chemical bonds in molecular
systems. With the quantity defined in CDMFT, i.e., Fukui matrix, we illustrate that the derivative
of bond order with respect to the number of electrons is closely related to the difference of force

constant and bond distance between natural and ionized systems.[4

[1] P. Geerlings, F. De Proft, W. Langenaeker, Chem. Rev., 2003, 103, 1793.

[2] B. Wang, P. Geerlings, C. Van Alsenoy, F. Heider-Zadeh, P. W. Ayers, F. De Proft, J. Chem. Theory
Comput., 2023, 19, 3223.

[3] B. Wang, P. Geerlings, S. Liu, F. De Proft, J. Chem. Theory Comput., 2024, 20, 1169.

[4] B. Wang, P. Geerlings, F. Heider-Zadeh, P. W. Ayers, F. De Proft, to be submitted shortly.
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lal University of Vienna, Vienna, Austria
bIMAG-LAB GmbH, Vienna, Austria
[el Medical University Graz, Graz, Austria
[l Boehringer Ingelheim RCV GmbH & Co. KG, Vienna, Austria
aleksandra.ptaszek @univie.ac.at

High-resolution 3D structural data is crucial for analysing guest-host systems in the context of
drug discovery. While X-ray crystallography is a standard technique, it has limitations in
capturing protein flexibility in solution.l'l NMR spectroscopy offers an alternative, providing
insights not only into molecular dynamics but also into non-covalent interactions at atomic
resolution. Of special interest is information encoded in the 'H chemical shift (CS) which is
sensitive to the presence of non-covalent interactions such as hydrogen bonds and CH:---1t
contacts.l23! This research emphasises the use of ligand 'H CSs as reporters for the binding
site of small molecules with their target proteins. By comparing the experimental ligand 'H CS
values with those calculated from the X-ray structure using quantum mechanics methodology,
we identify significant disagreements for parts of the ligand between the two experimental
techniques. We show that quantum mechanics/molecular mechanics (QM/MM) molecular
dynamics (MD) ensembles can be used to refine initial crystal structures resulting in a better
agreement with experimental 'H ligand CS values. Overall, our work highlights the value of
ligand 'H CS information for understanding and validating the interactions of ligands with their

target proteins in solution, which can significantly benefit early-stage drug discovery.
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[1] B.T.Burnley, P. V. Afonine, P. D. Adams, P. Gros, elife, 2012, 1, e00311.

[2] G. A. Kumar, M. A. McAllister, J. Org. Chem., 1998, 63, 6968.

[8] G. Platzer, M. Mayer, A. Beier, S. Brischweiler, J. E. Fuchs, H. Engelhardt, L. Geist, G. Bader, J.
Schérghuber, R. Lichtenecker, Angew. Chem., 2020, 132, 14971.
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H-Bonds between 1,3-Cyclopentadiene Derivatives and Water

Clusters: Impact on Photochemical lonization Pathways
Murillo H. Queiroz, 12l Suelen A. Santos [, Bruno S. Sampaio [@ Tiago V. Alves, [8l Roberto
Rivelinoft!
lal Instituto de Quimica, Universidade Federal da Bahia, Salvador, Bahia, Brazil
bl Instituto de Fisica, Universidade Federal da Bahia, Salvador, Bahia, Brazil
Murillo.halo @utba.br

In this investigation we explore intermolecular interactions between 1,3-cyclopentadiene and
its cyano derivatives and water clusters considering astrochemical conditions. The recent
discovery of Aromatic Hydrocarbons (AHs) like 1,3-cyclopentadiene (CPD) and its cyano
derivatives [1] in Taurus molecular cloud has spurred theoretical investigations into molecular
clusters formation in space [2]. By using density-functional theory (DFT) and time-dependent
DFT (TD-DFT), we examine the stability, H-bonding patterns, and ionization potentials of AH-
water complexes. Key findings reveal that H-bonding (O-H--mt and O-H---N) significantly

influences the stability and ionization energies of these clusters.
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Figure.1. Molecular orbitals involved in the main CT transitions.

Our results show distinct electronic transitions and absorption properties of AH-water
complexes under vacuum ultraviolet (VUV) radiation, crucial for understanding photochemical
processes and molecular rearrangements in space. The research provides insights into the
initial steps of AH formation and the dynamics of ionization processes influenced by H-bonding

configurations.

[11  J. Cernicharo, M. Agundez, C. Cabezas, B. Tercero, N. Marcelino, J.R. Pardo, P. de Vicente, Astron.
Astrophys., 2021, 649, L15.

[2]  M.H. Queiroz, S.A. Santos, B.S. Sampaio, T.V. Alves, R. Rivelino, Spectrochim. Acta A Mol. Biomol.
Spectrosc., 2024, 320, 124637.
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Nature of hydrogen bonds of coordinated glycine complexes

with water
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Coordinated glycine can form three types of hydrogen bonds with a water molecule: NH/O
involving complex’s a-amino group as a hydrogen bond donor, O1/HO involving a-hydroxyl O1
oxygen of the complex as a hydrogen bond acceptor, and O2/HO involving complex’s a-
carbonyl O2 oxygen as a hydrogen bond acceptor. Cambridge Structural Database (CSD)
search and quantum chemical calculations were done for various glycine complexes to
evaluate the strength of their interactions with a water molecule.l':21 Energy decomposition
analysis was used to elucidate the nature of hydrogen bonds of different metal ion glycine
complexes with a water molecule. Both perturbational (Symmetry Adapted Perturbation
Theory, SAPT)Bl and variational (Localized Molecular Orbitals Energy Decomposition Analysis,
LMO-EDA)“ were deployed. The values of total interaction energies showed good agreement
with CCSD(T)/CBS values. Energy decomposition analysis revealed that the electrostatic
interaction is the leading attractive energy term, while orbital relaxation values are also
significant. Effects of complex charge, metal oxidation number, complex coordination number,

and metal atomic number on all decomposition terms were also evaluated.

Energy decomposition
analysis

- ]

~ @ © '~ Nature of hydrogen bonds

[11  S. zrili6, J. Zivkovié, S. Zarié, J. Inorg. Biochem., 2023, 242, 112151.
[2] S. zrili6, J. Zivkovié, S. Zarié, J. Inorg. Biochem., 2024, 251, 112442.
[8] B. Jeziorski, R. Moszynski, K. Szalewicz, Chem. Rev., 1994, 94, 1887.
[4] P.Su, H.Li, J. Chem. Phys., 2009, 131, 1.
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Radical Addition Reactions:

Hierarchical Ab initio Benchmark and DFT Performance Study
Yuman Hordijk,[@ Marco Dalla Tiezza,@ Daniela Rodrigues Silva,lal Trevor A. Hamlin*[al
lal Department of Chemistry and Pharmaceutical Sciences, Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands
y.hordijk@vu.nl

Benchmarking is an important topic in all of computational chemistry. It is the one way to figure
out if your methodology is accurate and reliable for a given chemical system. In this talk | will
talk about the do’s and don’ts of our benchmark on radical addition reactions.l'l We used a
hierarchicall?! series of ab initio methods (HF, MP2, CCSD, CCSD(T)) paired with a hierarchal
series of Dunning basis sets with and without diffuse functions ((aug)-cc—pVDZ, (aug)—cc—
pVTZ, (aug)-cc—-pVQZ). Since we work with radical systems we transformed the HF ground-
state wavefunctions into quasi-restricted orbital (QRO) reference wavefunctions to address
spin contamination. Following extrapolation to the CBS limit, we determined that the energies
from our highest- QRO-CCSD(T)/CBS+ level were converged with respect to the ab initio
method and basis set, respectively. Our QRO-CCSD(T)/CBS+ reference data was used to
evaluate the performance of 98 density functional theory (DFT) approximations for both
energetics and key geometrical parameters of the stationary points.
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[11 Y. Hordijk, M. D. Tiezza, D. R. Silva, T. A. Hamlin, ChemPhysChem 2024, e202400728.
[2] L. De Azevedo Santos, T. C. Ramalho, T. A. Hamlin, F. M. Bickelhaupt, J. Comput. Chem. 2021, 42,
688—-698.
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The experimental determination of
electronic behaviours has been an
important counterpart to theoretical
computations in chemistry. For example,
X-ray diffraction measurements of
crystals can be used to obtain the charge
density and related chemical bonding
information [1]. Beyond charge densities,
the one-electron reduced density matrix
(1-RDM), a

description of electrons, can also in

one-particle  complete

principle  be  reconstructed  from

experiments. Starting with the work of Clinton [2], the 1-RDM reconstruction problem has been
at the centre of the interplay between crystallography and quantum chemistry, namely the field
of quantum crystallography [3,4]. We will briefly introduce the history of experimental
reconstruction of 1-RDMs and its relation to charge density refinements and report our latest
results of 1-RDM reconstruction from joint use of position and momentum space measurements
[5-7]. In our approach, the restricted active space 1-RDM is fitted to the experimental data while
necessary constraints such as symmetry and N-representability conditions are guaranteed
using convex programming. A numerical validation is carried out on the (non-centrosymmetric)

urea crystal using corrupted artificial data to assess the robustness and quality of this method.

Coherent X-ray diffraction Incoherent X-ray scattering

|
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T(r,r) = Y, P (0p)

i

Figure 1: A schematic illustration of
experimental 1-RDM reconstruction. The
figure on the lower right shows the
reconstructed and reference 1-RDM on the
O-C-N-H path of urea molecule in our
numerical test.

Finally, our latest results using actual experimental data will be briefly discussed.

[1] Gatti, C., and Macchi, P., Modern Charge-Density Analysis, 2011, Springer

[2] Clinton, W. et al., Phys. Rev., 1969, 177, 1, 1

[38] Massa, L. and Matta, C. F., J. Comput. Chem., 2018, 39.17, 1021
[4] Genoni, A. and Macchi, P., Crystals, 2020, 10.6, 47,

[5] De Bruyne, B. and Gillet, J.-M., Acta Cryst. A, 2020, 76.1. 1

[6] Launay, Y., and Gillet, J.-M., Acta Cryst. B, 2021, 77.5, 683

[7] Yu, S. and Gillet, J.-M., Acta Cryst. A, 2024, 80.3, 249
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Oxidation of Diorganochalcogenides by H202 in Aqueous

Solution
Alessandro Rubbi,[?l Ant6nio Luiz Braga,®! Laura Orianlal
[l Dip. di Scienze Chimiche, Universita di Padova, via Marzolo 1, 35131 Padova, Italia.
I Dep. de Quimica, Univ. Fed. de Santa Catarina, 88040-900 Florianépolis/SC, Brasil.
alessandro.rubbi@phd.unipd.it

Sulfur and selenium redox chemistry plays a pivotal role in living beings. While the
former is present in numerous proteins, peptides and metabolites, the latter is almost
exclusively found in a few enzymes that are essential for homeostasis, such as glutathione
peroxidases (GPxs).[1 GPxs prevent the buildup of damaging hydroperoxides species through
a sophisticated Se(l1)/Se(lV) redox equilibrium. Likewise, diorganochalcogenides display an
analogous reactivity, although it is not fully clear which species is the active catalyst.[24! Further
knowledge on the mechanism of the GPx-like activity of dialkyl and diaryl chalcogenides is very
valuable, for an application as antioxidants and green catalysts in organic synthesis for the
activation of H20:.

Our theoretical investigation aims at modelling the reactivity of simple
diorganochalcogenides in aqueous solution with H202. By means of a Density Functional
Theory approach, we have studied the mechanism of oxidation of chalcogenides, as well as
the equilibria mediated by solvent molecules. The role of the chalcogen and substituent effects
as well as the relative trends have also been assessed. Based on our results, we suggest that
hydroxy perhydroxy chalcogenanes are likely key intermediates in the redox process.
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[1] L. Flohé, S. Toppo, L. Orian, Free Rad. Biol. and Med., 2022, 187, 113.
[2] L. Orian, L. Flohé, Antiox., 2021, 10, 1560.

[3] V. Nascimento et al., J. Am. Chem. Soc., 2012, 134, 138.

[4] G. Ribaudo et al., Chem. Eur. J., 2017, 23, 2405.
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and error-free Hilbert-space partition schemes
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] Donostia International Physics Center (DIPC), 20018 Donostia, Gipuzkoa, Spain
[l lkerbasque Foundation for Science, 48009 Bilbao, Euskadi, Spain
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Aromaticity is a fundamental concept in chemistry that explains the stability and reactivity of
many compounds by identifying atoms within a molecule that form an aromatic ring. Reliable
aromaticity indices focus on electron delocalization and depend on atomic partitions, giving rise
to the concept of an atom-in-the-molecule (AIM). Real-space atomic partitions present two
important drawbacks: a high computational cost and numerical errors, limiting some aromaticity
measures to medium-sized molecules with rings up to 12 atoms. This restriction hinders the
study of large conjugated systems like porphyrins and nanorings. On the other hand, traditional
Hilbert-space schemes are free of the latter limitations but can be unreliable for the large basis
sets required in modern computational chemistry. This paper explores AlMs based on three
robust Hilbert-space partitions — meta-Léwdinl'l, Natural Atomic Orbitals (NAO), and Intrinsic
Atomic Orbitals (IAO)BI — which combine the advantages of real-space partitions without their
disadvantages. These partitions can effectively replace real-space AlIMs for evaluating the
aromatic character. For the first time, we report multicenter index (MCI) and king values for large
rings and introduce ESlpy, an open-source Python code for aromaticity analysis in large

conjugated rings.
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[1] Q. Sun, G. K.-L. Chan, J. Chem. Theory Comput. 2014, 10, 3784.

[2] A. E. Reed, R. B. Weinstock, F. Weinhold, J. Chem. Phys. 1985, 83, 735.
[8] G. Knizia, J. Chem. Theory Comput. 2013, 9, 4834.

[4] J. Grébol-Tomas, E. Matito, P. Salvador, Chem. Eur. J. 2024, €20241282.
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In this talk, we will dive into the origin of catalysis in cycloaddition reactions of tropone by using
density functional theory calculations. We will focus on two general methods to tempt the
unreactive tropone to react in cycloadditions. First, we study the uncatalyzed and Lewis Acid
(LA)-catalyzed cycloaddition reactions between tropone and 1,1-dimethoxyethene. Our
findings reveal that LA catalysts, namely BFs, B(CeHs)s, and B(CsFs)s, significantly enhance
reaction rates and lower reaction barriers by up to 12 kcal moF' through LUMO-lowering
catalysis.l'l Second, we explore how reversing the polarity of the carbonyl group (umpolung),
e.g., by converting tropone into its hydrazone analogue, catalyzes the Diels-Alder reaction with
maleimide. We challenge the established explanation attributed to antiaromaticity-induced
HOMO raising.?l Instead, we propose that the increased reactivity arises from enhanced
asynchronicity, resulting in reduced strain and diminished destabilizing Pauli repulsion.[31 Our

findings provide a deep understanding of the mechanism behind tropone activation.
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[11  E. H. Tiekink, P. Vermeeren, T. A. Hamlin, Chem. Eur. J. 2023, 29, e202301223.
[2] L. J.Karas, A. T. Campbell, I. V. Alabugin and J. |. Wu, Org. Lett. 2020, 22, 7083.
[8] E.H. Tiekink, P. Vermeeren, T. A. Hamlin, Chem. Commun. 2023, 59, 3703.
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The widespread of Artificial Intelligence (Al) has resulted in the proliferation of black boxes,
extremely accurate but of elusive interpretation. While valuable, these tools hinder our
understanding of chemical phenomena. To bridge this gap, we show how Explainable Chemical
Al (XCAIl) can emerge from integrating physically rigorous theories, such as the Atoms in
Molecules framework,[l with cutting-edge Al kernels. Encompassing a modified version of the
SchNet architecture,[? our approach (SchNet4AIM) can estimate local (atomic and pairwise)
quantities with remarkable accuracy while ensuring the precise reconstruction of the
corresponding molecular properties. Additionally, intrinsic explainability is showcased through
the study of a supramolecular binding phenomenon, where SchNet4AIM provides quantum
chemically consistent insights into the driving forces behind complexation and discerns the
most dominant contributions to the latter. Overall, this approach goes beyond numerical
precision by offering chemically interpretable insights, broadening the range of applicability of

computationally demanding theoretical tools to previously unexplored domains.
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[1] R. F. W. Bader, International Series of Monographs on Chemistry (Clarendon Press, Oxford, 1990).
[2] Schitt, K. T., Sauceda, H. E., Kindermans, P.-J., Tkatchenko, A. & Miiller, K.-R. J. Chem. Phys., 2018,
148 (24), 241722,
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Superexchange Interaction: from First-Principles to Canonical
Models
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In magnetic insulators, the exchange interaction between two magnetic ions is not direct but
mediated by a non-magnetic ion, known as the superexchange interaction. In cubic perovskites
containing transition metal ions, this interaction leads to antiferromagnetic (AFM) ground states.
However, the energy difference between the ferromagnetic (FM) and AFM states is only a few
meV. The concept of superexchange was introduced by Kramersl'l in 1934 and further
developed by Andersonl?l, Goodenough-Kanamoril34 and Hay, Thibealt and Hoffmannl®! using
dimer models. However, these models can provide at most semi-quantitative information and
rough chemical insights into magnetism. In our work, we have employed first principles
calculations together with both orbital-based (LOBSTER)®! and density-based (QTAIMI,
TOPONDI8)) tools to unravel the chemical origin of superexchange interaction. A underlying
symmetry-breaking principle and slightly larger covalency in the AFM state are the driving
forces for the stabilization of the AFM phase below the FM phase. The results for model
systems KNiF3, KVF3 and KMnF3 shows that the key element in the stabilization of the AFM
state is a more diffuse electron density associated with the spin-minority electrons, as
confirmed by all chemical indicators such as COHP, COBI or kinetic energy at bond critical

point.

[11  H. A. Kramers, Physica, 1934, 1, 182.

[2] P.W. Anderson, Phys. Rev., 1959, 79, 350.

[8] P.W. Anderson, Phys. Rev., 1959, 79, 350.

[4] J.B. Goodenough, Phys. Rev., 1955, 100, 564-573.

[5] P.J.Hay, J. C. Thibeault, R. Hoffmann, JACS, 1975, 97, 4884.

[6] R. Nelson, C. Ertural, J. George, V. Deringer, G. Hautier, R. Dronskowski, J. Comput. Chem. 2020,
41, 1931.

[71  R.Bader, Atoms in Molecules: A Quantum Theory, 1994, Oxford University Press.

[8] S. Casassa, A. Erba, J. Baima, R. Orlando, J. Comput. Chem., 2015, 36, 1940.

28


mailto:ines.sanchez@unican.es

CBOND2024

Amsterdam

Post-translational Modification: Covalent Modification of Amino
Acids in Cytochrome P460 Cofactor Maturation

Thakur Rochak Kumar Rana and Gopalan Rajaraman*
Indian Institute of Technology Bombay, Mumbai, India

rochakrana@gmail.com

Post-translational modification (PTMs) in c-type cytochrome P460 through covalent cross-
linking involves the heme porphyrin ring itself at meso-carbon with Lys amino acid of the
protein.l'l The site-directed mutagenesis of Lys with Tyr or Leu does not cross-link and leads
to catalytic inactivity for NH20H oxidation.[23! The origin of heme-Lys cross-link with leans of
the functional and co-factor electronic structure remains elusive to date, and its study is highly
demanding for mapping the artificial enzyme design. Specifically, the role of cross-link needs a
virtuous theoretical prediction that has triggered the exciting advances in enzyme chemistry,

particularly mechanistic insight.

Figure 1: Active site for cyt P460 intermediate from Nitrosomonas europea. PDB ID: 8GAR

To this extent, we have studied the dynamics and mechanism for maturation of cross-linked cyt
P460 as well as spectroscopic validation of intermediate observed by experimental studies

using QM/MM calculation.

[1] Caranto, J. D.; Vilbert, A. C.; Lancaster, K. M., PNAS 2016, 113 (51), 14704-14709.

[2]  Coleman, R. E.; Lancaster, K. M., Acc. Chem. Res. 2020, 53 (12), 2925-2935.

[3] Bollmeyer, M. M.; Coleman, R. E.; Majer, S. H.; Ferrao, S. D.; Lancaster, K. M., JACS 2023, 145
(26), 14404-14416.
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