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Spin Frustration: A Key to Stability and Reactivity in Triangular
Fe(III) Metal–Organic Frameworks

Patrick Lechner,1,2 Gaurab Ganguly1, Michael J. Sahre3, Georg Kresse3,4, Johannes C. B.

Dietschreit1∗ and Leticia González1∗

1 Institute of Theoretical Chemistry, University of Vienna, Währinger Str. 17, 1090 Vienna, Austria
2 University of Vienna, Vienna Doctoral School in Chemistry (DoSChem) 3University of Vienna,

Faculty of Physics, Kolingasse 14, A-1090 Vienna, Austria 4VASP Software GmbH, Berggasse 21, A-

1090 Vienna, Austria

∗Corresponding author: leticia.gonzalez@univie.ac.at

High-spin density functional theory is widely used as the defacto standard computational ap- proach for
modeling MIL-101(Fe) and related iron-based metal-organic frameworks. However, our research reveals
that this convention overlooks a critical electronic feature: a competition between α- and β-spin alignment
of the Fe3+ in the triangular Fe3(µ3−O) nodes, known as spin frustration. Using flip-spin DFT, we show that
MIL-101(Fe) exhibits a spin-frustrated ground state, which the conventional high spin approximation fails
to capture—leading to structural distortions, incorrect energetics, and misleading predictions of stability
and reactivity. By ex- plicitly accounting for spin frustration, we not only recover the correct structure but also
provide a unified explanation for the framework’s temperature-dependent N2 and CO fixation behavior. At
room temperature, spin frustration enhances N2 binding, while upon heating its N2 fixation activity is
reduced but facilitates CO adsorption via π-back bonding.[1] These findings chal- lenge the prevailing
modeling paradigm and establish spin frustration as an electronic feature that must be considered for
accurate description of triangular Fe-MOFs.[2]
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Figure 1: Unit cell of MIL-101(Fe) with enlarged triangular Fe3(µ3−O) node. The frustrated spin on the third
iron atom, indicated by a question mark, must choose between α and β align- ment, resulting in the
phenomenon known as spin frustration.
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Synthesis of vincamine derivatives via Pictet-Spengler reaction 
and investigation of their biological activities
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Plant secondary metabolites, especially alkaloids, are famous for their remarkable biological and 
pharmacological properties. Of particular interest in this substance group is the monoterpene indole 
alkaloid vincamine, which is mainly isolated from Vinca minor and exhibits not only neuroprotective but 
also vasodilatory and nootropic activities.[1] Recently, vincamine has been investigated as potential cancer 
treatment[2] as well as potential acetylcholine esterase inhibitor, which plays a role in the treatment of 
Alzheimer’s disease.[3,4]

In this work, derivatives of vincamine bearing various aliphatic, branched, or aromatic residues are 
produced. By coupling different chloro-substituted aldehydes and tryptamine in a Pictet-Spengler reaction 
(PSR) a double cyclization leads to tetracyclic vincamine derived substances in a range of 12 % to 66 % 
yield. Corresponding oxidized side products have been isolated in yields of 7 % to 67 %, and characterized 
via NMR spectroscopy. Subsequently, some of the synthesized compounds are further functionalized by 
introducing a Boc-group at the indole nitrogen. 

Selected compounds have been subjected to cell viability assays resulting in cytotoxic activities ranging 
from 19 μM to 55 μM against ovarian teratocarcinoma cancer cell line (CH1/PA-1). Additionally, enzyme 
inhibition activities have been investigated using acetylcholinesterase and α-glucosidase. For one of the 
tested compounds an IC50 value of 33 uM against α-glucosidase has been observed.

In the future, the compound library will be extended by using 7-azatryptamine as indole component in the 
PSR as well as subsequent modification reactions. Also, it will be investigated if the same oxidative side 
reaction occurs. Regarding additional bioassays, it is planned to determine possible interactions of the 
synthesized compounds with β-amyloid (Aβ42) using CD spectrometry.
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Hybrid modell ing in bioprocess optimization

D o S C h e m  Symposium Sept.  2025, Julian Libiseller-Egger

Bioprocessing plays a  crucial role in producing therapeutics, sustainable materials,  and 
food products, but modelling these complex systems remains challenging due to 
incomplete mechanistic understanding and limited data. Traditional approaches rely on 
either physics-based equations (mechanistic  models) or purely data-driven methods, each 
with limitations in accuracy, interpretability, and scalability. Hybrid modelling offers a  
powerful solution by combining the strengths of both: embedding mechanistic knowledge 
(e.g.,  mass balances as ordinary differential equations,  ODEs)  with flexible data- driven 
components like neural networks to capture unknown dynamics.

In this talk, I am going to give a  brief introduction to bioprocess optimization and hybrid 
models. We will then explore how recent advances from the wider field of machine 
learning,  such as differentiable O D E  solvers, enable end-to-end training of these 
models,  greatly simplifying the process of setting up such models and in extension their 
utility.

The presentation will focus on intuitive understanding of core concepts and 
feature basic examples with code snippets and visualizations.



Aggregates and Drag Reduction: Calcium Alginate in Turbulent 
Flow

L. Brandfellner1,2*, A. Bismarck1,2, H. W. Müller1

1IMCR, Faculty of Chemistry, University of Vienna, Vienna, Austria
2DCAFM, Faculty of Physics, University of Vienna, Vienna, Austria

*lukas.brandfellner@univie.ac.at

Polymeric drag reduction (DR) is the reduction of flow resistance in turbulent flow of liquids achieved by 
high molecular weight polymers [1]. Polymers hinder vortex formation, increase flow speed and reduce 
pumping costs in turbulent flow. At the same time, interaction with turbulent vortices degrades the 
polymers and diminishes drag reduction [2]. Covalent bonds are broken irreversibly and DR is lost. We 
explored the potential of noncovalent bonds to provide structures of high molecular weight, which can 
provide DR and reform after degradation in turbulent flow [3]. Strong noncovalent bonds are needed in 
order for the structures not to be destroyed already at low shear rates [3]. The polysaccharide alginate 
forms aggregates in the presence of divalent ions like Ca2+. In un-aggregated state alginate is known as a 
DR agent albeit limited by its chain rigidity and molecular weight [4]. We performed flow experiments 
with varying alginate and Ca2+ concentration, alginate molecular weight and aggregation time. Aggregates 
provided increased DR but degraded within a few runs of our flow facility, as seen in Figure 1. Resting at 
ambient conditions (1 to 7 days) allowed re-aggregation and restored high DR. Cycles of degradation in 
flow and re-aggregation at ambient conditions were repeated multiple times, proofing the reversibility of 
the process in contrast to the irreversible loss of DR in systems based solely on covalent bonds.
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Figure 1: DR of Ca2+ alginate solution in multiple degradation and re-aggregation cycles. Aggregates 

provided high DR during the first cycle of a day while single alginate molecules provided only very low DR.
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Synthesis of Oxindole and Oxoquinoline Compounds and C–H 

Functionalization of Quinolines

Authors: César Eduardo Gutiérrez-Quevedo1,2, Christian Dank2

Institutions: 1Institute of Applied Synthetic Chemistry, Vienna University of Technology, Vienna, Austria 2 Institute of 

Organic Chemistry, University of Vienna, Vienna, Austria

Oxo-indoles and oxo-quinolines are heterocyclic scaffolds extensively studied in medicinal chemistry due 

to their broad spectrum of biological activities such as antifibrotic, antibacterial, antitumor effects, etc. [1-

3]. 

Their therapeutic relevance is evidenced by approved drugs such as Ivacaftor (for cystic fibrosis), Sunitinib 

(for cancer), and Nintedanib (for pulmonary fibrosis) [1,3]. However, the clinical utility of some of these 

compounds is often limited by side effects, contraindications, and variable patient response [4]. 

Hence, there is a critical need to develop novel analogues with improved efficacy and safety profiles. The 

application of C–H bond activation for the synthesis and functionalization of these heterocycles is a 

powerful strategy to access to novel analogues necessary for comprehensive drug discovery [5].

Our research aims to address this need by leveraging innovative synthetic methodologies, particularly 

Catellani-type C–H functionalization, to develop new lead compounds as potential alternative treatment 

options for respiratory disorders.
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Figure 1: Structures of oxo-indole and oxo-quinoline



Watching water dance around [Ru(bpy)₃]²⁺ in real time

Dilara Farkhutdinova, Sebastian Mai, Leticia González

Institute of Theoretical Chemistry, University of Vienna, Währinger Str. 17, 1090 Vienna, Austria

Polypyridine complexes of ruthenium(II), such as [Ru(bpy)₃]²⁺, are central to applications in light- harvesting
and photocatalysis, where their efficiency is strongly influenced by interactions with the surrounding
solvent. After photoexcitation, the redistribution of energy between solute and solvent determines
relaxation pathways, yet simulating the evolution of the solvent explicitly in real time is a formidable
challenge. In this work, we present a theoretical investigation of the relaxation dynamics of [Ru(bpy)₃]Cl₂ in
aqueous solution. Our goal is to time-resolve the evolution of the electronic and nuclear degrees of freedom
of solute and solvent, the structural changes within the metal complex, and the solvent reorganization
after excitation. To this end, we employed a novel hybrid quantum mechanics/molecular mechanics
framework that exploits linear vibronic coupling potentials to generate thousands of trajectories in an
affordable manner.

Analysis of the time-dependent electronic wave function provides unprecedented insight into the
timescales and mechanisms of excited-state transitions, revealing that electronic relaxation occurs
predominantly through ultrafast intersystem crossing from singlet to triplet metal-to-ligand charge-transfer
states on the order of a few femtoseconds. The solvent undergoes rapid reorganization, with water
molecules intercalating into the grooves between the ligands and reshaping the local solvation shell
(Fig.1). Furthermore, we investigated temperature changes and the flow of energy from the photoexcited
solute into the solvent, which provides a molecular-level view of how energy redistribution occurs during
relaxation.

Fig.1. Spatial distribution functions of oxygen solvent atoms around the [Ru(bpy)3]Cl2 after dynamics simulations.

Our theoretical insights are supported by terahertz spectroscopic experiments, which probe the collective
solvent response and thus provide an experimental perspective on the observed energy transfer processes.
This study sheds light on the fundamental role of the environment in shaping the excited-state relaxation
pathways of transition metal complexes and connects atomistic simulations with experimental
observables.



Cationic Selenuranes – Bench-Stable Sources of Se(III) Radicals

Kirill Zhiliaeva*, Boris Maryasina,b, Hanspeter Kähliga, Marcos Gil-Sepulcrec, Javier Mateosa
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Organic radicals, particularly stable radicals, play an important role as reagents in organic synthesis,

promoting redox reactions and serving as polymer initiators.[1] The first reported stable triphenyl methyl

radical persists in solution for several days due to reversible dimerization forming quinoid-type dimer

structure.[2] Dimerization is not restricted to C-centered radicals. Bontempelli and co-workers

demonstrated that anodic oxidation of dibenzothiophene leads to an irreversible dimerization–

deprotonation sequence, yielding a sulfonium salt dimer.[3] In this case, due to the C–S bond formation,

radical cation regeneration is not possible. Consequently, one-center/one-electron (1c1e) Ch(III) radicals

have hitherto been challenging to access. A reversible oligomerization mechanism would allow the

use of heterocyclic radicals with a single heteroatom, unlocking chalcogen radicals for new applications.

Dimerization of aryl selenide radicals via Se–Se bond formation between two independent radical subunits

enables the generation of chalcogen-centered radicals. Diselenides serve as 1c1e radical precursors, yet

Se–Se bond homolysis requires external activation. Electrostatic repulsion in polycationic structures

weakens Ch–Ch bond strength.[4] Thus, a rigid polycationic Se–Se bond connecting two discrete subunits,

would instead enable radical generation without external activation.

Figure 1. Study of cationic selenuranes

In this talk, we report the synthesis of bench-stable cationic selenurane salts via oligomerization of

dibenzoselenophene-based radical cations (Figure 1). The salts can be prepared on a multigram scale (>17 g)

in two steps from commercial materials. In solution, the electrostatic repulsion of the Se–Se σ-bond

promotes dissociation to generate diarylorganoselenium radical cations without external activation. The salt

structure has been analyzed in the solid-state and the radical cation properties in solution. Direct access to

Se(III) radicals without external activation allows their use as oxidants and group transfer reagents.
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Small Stereoselectively Deuterated Molecules at the Chemistry–
Biology Interface

Sebastian-Felix Fritz, Daphné Brunin, Katharina Pallitsch

Small molecules with high enantioisotopic purity are essential substrates for mechanistic studies in

chemical biology, particularly for elucidating enzyme-catalysed transformations and stereospecific interactions.

However, generalisable methods for the synthesis of such compounds, as well as reliable strategies for the

determination of their absolute configuration, remainlimited. 1–4

In our work, we report the identification of a key synthetic intermediate and a robust, reproducible reaction

sequence that enables the efficient preparation of enantioisotopically enriched substrates. These

advances provide a versatile platform for probing enzyme mechanisms and broaden the toolkit available for

chemical biology at theinterfaceofstructure,reactivity,and function.

The key intermediate was efficiently converted into a structurally diverse set of isotopically labelled

synthons via stereospecific SN2 reactions, preserving enantiopurity throughout. This modular approach

enables the rapid and economic assembly of chemically and biologically relevant building blocks, thereby

broadening the synthetic scope and utility of isotopically labelled probes in chemical biology. The resulting

compounds might serve as versatile tools for investigating enzyme mechanisms, metabolic flux, and

molecular recognitionevents.
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