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Photoluminescence properties of silver nanoclusters (Ag NCs) have enabled multiple biological and 
chemical sensing applications. Ag NCs with mixed-valence metals (M(0)/(I)) exhibit remarkable and well-
studied photophysical properties.[1] On the contrary Ag(I)-based NCs display PL emission at low 
temperatures at around 77K resulting from ligand to metal charge transfer.[2] This low emission of Ag(I)-
NCs is attributed to the dominance of thermally activated non-radiative transitions, which are supresssed 
when the system is cooled with liquid nitrogen. Alternatives to enhance PL properties of Ag(I)-NCs at 
room temperature include core-shell architectural design, template nature and surface modifications.[3]  
In this work, the PL emission of Ag20 NC was modulated by adding rigidity to the Ag NC and selecting an 
emissive molecule as capping ligand. The effect of the capping ligand is demonstrated by the comparison 
of PL emission of previously reported Ag(I) NCs.[4] This approach allows us to maintain synthesis 
conditions and template, reducing the time in synthesis optimization of Ag NCs with different templates. 
The high yields, scalability and stable precursors of the Ag20 NC synthesis makes it a valuable system to 
explore room temperature luminescence properties of silver-templated nanoclusters.  
 

 
 

Figure 1. Graphical representation of luminescent Ag20 NC 
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Iron complexes are strongly correlated systems with complex spin-state energetics. Accurately 
determining the energy separation between different spin states is essential for understanding their 
reactivity as well as their magnetic and spectroscopic properties. However, simulating these systems 
remains a significant challenge: routine Density Functional Theory often fails to capture correlation 
effects, while configuration interaction methods are computationally prohibitive due to their exponential 
scaling. Quantum computers offer a promising alternative, enabling electronic structure calculations with 
polynomial scaling and potentially outperforming classical methods. However, near-term noisy quantum 
devices are limited by their small number of qubits, restricting direct calculations to very small systems.[1] 
To overcome these limitations, distributed quantum algorithms have been proposed to make quantum 
chemical calculations in real quantum devices possible. In this work, we present the distributed 
calculation of spin-energetics in a porphyrin-based iron complex using the Variational Quantum 
Eigensolver (VQE) framework. We employ a state-averaging approach combined with an orbital-
optimization routine to calculate the wavefunction of several spin states and compare their energies.[2] 

Additionally, the computational workload is distributed using Density Matrix Embedding Theory 
(DMET),[3] which enables the fragmentation of the studied molecules into smaller subsystems, thus 
mitigating the current limitations of quantum hardware.  
Our results demonstrate a scalable strategy for predicting the spin-energetics of strongly correlated 
molecular —such as first-row transition metal complexes—on near-term quantum hardware. 
 

 
Figure 1. Iron porphyrin in heme b. 
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We introduced a straightforward synthetic pathway for two novel, simple chemosensors based on 2,6-
di(thiazol-2-yl)pyridine (dthp) -core ligands. The first chemosensor, 2,6-di(thiazol-2-yl)isonicotinic acid (2) 
is fully water soluble (up to 0.3 g/L (1.04 mmol/L) at ambient temperature). It can be utilized for sensing 
Fe2+ ions in an aqueous environment (aqueous phosphate buffer) by monitoring the absorption signal 
corresponding to the Metal-to-Ligand Charge Transfer (MLCT) band upon formation of the Fe2+ adduct 
with the receptor. Detection is rapid, and changes in the absorbance band are instantly observable. The 
limit of detection (LOD) of 0.68 ppm and a limit of quantification (LOQ) of 2.07 ppm at λabs = 560 were 
established. However, prolonged interaction of the chemosensor with Fe2+ ions results in some side 
reactions, such as the autooxidation of Fe2+ to Fe3+ by air in phosphate buffer and/or interactions with 
carboxylic groups, which hamper its application for prolonged measurements or analysis of complex 
matrices containing metal ions. The methylated analog, methyl 2,6-di(thiazol-2-yl)isonicotinate (3), is a 
dual-response chemosensor, which enables the sensitive and selective detection of Fe2+ and Cu2+ ions in 
organic media. Notably, this receptor can detect and differentiate between Fe2+ and Cu2+ metal ions in 
the presence of 18 different common competing ions. Chemosensor 3 allow for iron and copper 
speciation, in other words, can differentiate between Cu2+ and Cu+ as well as Fe2+ and Fe3+and is capable 
of quantifying Fe2+ and Cu2+ ions at sub-ppm levels. Paper-based solid sensing strips coated with the 
chemosensor 3 were developed for practical, real-time detection of Fe2+ and Cu2+, as well as for their 
discrimination from competing ions, including Fe3+ and Cu+. Additionally, we will present an efficient 
fluorometric terpyridine-based sensor for Hg2+ and Au3+. 

 
 

Figure 1. Synthetic route to chemosensors 2 and 3.    
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The 18-kDa translocator protein (TSPO) is a promising target for imaging and therapy in 
neuroinflammatory diseases due to its high expression in activated microglia. It has been widely studied 
using PET with fluorine-18 and carbon-11 tracers such as [18F]DPA-714, [11C]PBR28, and [11C]PK11195.1 
However, PET high operational cost limits accessibility compared to SPECT.2 In 2014, Denora et al. 
developed an imidazo[1,2-a]pyridine–di(2-picolyl)amine scaffold suitable for technetium-99m (99mTc; Eγ 
= 141 keV, t1/2 = 6.01 h).3 Building on this, we designed a compact, neutral, and stable cytectrene-based 
system to replace the bis-pyridine unit and improve brain uptake. 
The TSPO vector CB-3 was prepared according to literature procedures3 and coupled with Boc-Gly-OH, 
Boc-β-Ala-OH, and Boc-GABA-OH. After deprotection, the intermediates were reacted with Cp-2 to form 
precursors for technetium labeling. Because technetium has no stable isotope, the corresponding 
rhenium analogues were synthesized for chemical characterization by reacting with Re-2. Cp-1, obtained 
via a 2+3 annulation,4 was coordinated with Re2(CO)10, hydrolyzed to the carboxycyrhetrene derivative 
(80% yield), and coupled with TSPO vectors to yield Re-L1–Re-L3 in 30–66% yield and >95% purity. 
These results confirm the successful synthesis and characterization of three TSPO-targeted metallodrugs 
as non-radioactive surrogates of their 99mTc analogues. In vitro binding studies are underway to support 
future 99mTc(H2O)3 (CO)3⁺ radiolabeling and imaging experiments. 

 
 

Figure 1. synthesis route of interest compounds of Re-L1 to Re-L3. a) O-xylene, 220C, 15’. b) NaOH 1M, 

MeOH, 100C, 5’. c) HCTU, DIPEA, DMF, rt, 24h. 
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Heterocycles are one of the largest and most varied families of organic compounds.[1] The introduction 
of a heteroatom into their cyclic core allows for compound tunability. Heterocycles containing a group 
13 element provide a vacant p-orbital, extending 𝜋-conjugation and allowing for the alteration of 
molecular properties. Boroles, such as 1-boraindenes, are an example of a class of heterocycles that 
contain the group 13 element boron in the center of their six-five-six fused ring cycles, allowing for 
various Lewis acids to bind.[2] Previously, other boron-based heterocycles, such as borafluorenes, have 
been widely studied, but 1-boraindenes have received significantly less attention.[3–5] Here, we will 
discuss the synthesis and mechanistic studies of a unique 1-boraindene created through an unusual and 
complex route. 
 
 

 
 

Figure 1. Synthesis of [Cp*Rh(1-boraindene-F)] and [Cp*Rh(1-boraindene-H)]. 
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Multi-functionalized arenes have been a long-standing synthetic challenge to achieve in organic 
chemistry. Current methods to synthesize highly complex benzenoid motifs in a combinatorial approach 
utilize systematic cross-coupling reactions.1 However, the limitation of exploiting halogenated arenes as 
a cross-coupling partner poses issues with regioselectivity when halogens handles are installed (typically 
by electrophilic aromatic substitution)2. This is because SEAr is often difficult to install meta-substituents 
as meta-directors are deactivating (making SEAr difficult) and overcoming the constraints of ortho- and 
para-directors leads to unfavorable regio-isomers.  Other methods such as cycloaddition3 and utilizing 
benzyne intermediates4 can also lead to the synthesis of poly-functionalized arenes, though again, not 
without the same issues of regio- and chemo-selectivity. Recently, the Lumb lab has made quinones an 
attractive building block for the functionalization of arenes. The hydroquinone, resulting from the 
reduction of para-quinone, can be used as a scaffold for a poly-arene. Suitable reagents react with 
quinones to undergo a reductive conjugate addition to append an additional functional handle to the 
hydroquinone product, providing an adduct for a redox neutral transformation.5 This work describes the 
appendage of a main group-based functional handle to a quinone, allowing for a combinatorial approach 
to obtain poly-functionalized arenes. 
 

 
 
Figure 1. An approach to synthesize poly-substituted arenes from quinones and organophosphorus (III) 
reagents. 
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Stereoselective and stereoretentive olefin metathesis enabled by Ru-1 (Figure 1) is opening new doors in 
materials science, natural products synthesis, and the discovery of new therapeutics for potential 
antiviral and oncology applications.[1][2] The cis-chelating dithiocatecholate ligand in Ru-1 is key to 
stereocontrol. However, it also renders the catalyst extraordinarily oxygen-sensitive.[3] In sharp contrast 
with the air-stable, readily-handled Hoveyda-Grubbs dichloride catalysts, solutions of Ru-1 are oxidized 
within minutes in air at room temperature, undergoing quantitative conversion to metathesis-inactive 
oxo complex Ru-2. Here we demonstrate that oxidation can be readily reversed via “Wittig carbenation”: 
that is, reaction of Ru-2 with phosphonium ylides, a reaction precluded for most transition metals by the 
strength of the metal-oxo bond. Further, we demonstrate that the stabilizing ether donor in Ru-1 is 
extraneous. The bulk of the H2IPr ligand is shown to stabilize the [Ru]=CHR intermediate against 
bimolecular decomposition, even in the absence of the chelating benzylidene ligand. This approach 
represents a significant advance over the original catalyst design. It offers direct, in situ access to a highly 
metathesis-active, well-defined alkylidene species from air-stable oxo complex Ru-2, eliminating the 
need for off-site production, shipping, or storage of extremely air-sensitive Ru-1. The resulting advances 
in reactivity, stability, and tractability are anticipated to create new opportunities for the widespread 
adoption of metathesis methodologies for the production of valuable, stereodefined olefins. 

          
Figure 1. From degradation to catalysis via Wittig carbenation.  
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Palladium is a ubiquitous metal centre in the field of homogeneous catalysis and is widely used as 
mononuclear Pd(0) or Pd(II) compounds.1 Compounds with the rarer Pd(I) oxidation state, specifically 
dinuclear Pd(I) species, exhibit unique reactivity compared to that of mononuclear Pd(0)/Pd(II) 
compounds, with greater selectivity and efficiency over traditional systems.2 Mononuclear Pd(I) species 
on the other hand, are considerably more rare than even dinuclear Pd(I) compounds. The scarce 
examples of these compounds in the literature all contain sterically bulky ligands and demonstrates the 
importance of ligand design in the stabilization of the low oxidation state metal centre.3,4 The only known 
examples of catalytic reactivity for these compounds to date are cross-coupling reactions between aryl 
antimony and aryl trifluoroborate compounds, and Kumada coupling reactions.3,5 It is currently unclear 
what range of reactions are possible for mononuclear Pd(I) complexes; more work is required to fully 
realize their reactivity. Previously in our group, we have explored the chemistry of the dynamic phosphine 
1-azaallyl (P^AzA) ligand family, showing how changes in ligand coordination mode can facilitate 
reactivity.6 To this end, a new redesigned ligand was developed with phenyl substituents at the 3,3’-
positions of the 1-azaallyl group, that impart additional steric bulk and electron delocalizing effects to 
support a mononuclear Pd(I) centre. Herein we present the synthesis, characterization and reactivity of 
mononuclear Pd(I) Pd-1, stabilized by a P^AzA ligand. The preliminary stoichiometric and catalytic 
reactivity will be discussed, including unprecedented Heck-type reactivity for mononuclear Pd(I). The 
results of radical trapping reactions, and its relevance to catalysis will also be discussed. 
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The oxidation of alcohols and amines to ketones and imines, respectively, is a fundamental chemical 

transformation with significant industrial relevance, particularly in the synthesis of biologically active 

synthetic building blocks. Current dehydrogenation strategies either require the use of a stoichiometric 

amount of organic oxidants or a transition metal pre-catalyst with hydrogen acceptors, resulting in a 

considerable amount of chemical waste.1 Traditionally, this transformation has relied on heterogeneous 

catalysis, primarily using metal oxides, and under high-temperature reaction conditions. In 2002, 

Bäckvall co-workers reported a ruthenium-catalyzed dehydrogenation of secondary amines using 

manganese oxide as the terminal oxidant.2 Building on this work, our group developed an iron-catalyzed 

dehydrogenation of secondary alcohols, where a stoichiometric amount of manganese oxide was 

replaced with electrochemically regenerable benzoquinone mediators.1 My primary objective was to 

apply this electrochemical strategy to the dehydrogenation of secondary amines. This talk aims to 

provide a complementary, atom-economical route to imine synthesis by minimizing the need for 

stoichiometric external oxidants. 

 

Scheme 1. Electrochemical approach to amine dehydrogenation. 
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Compounds containing phosphorus-nitrogen (PN) bonds are relatively rare, despite their potential in 
optoelectronic materials, inorganic polymers, and for understanding structure/bonding and discovering 
new reactivity.[1] This rarity may stem from both elements being Group 15, and their compounds often 
acting as Lewis bases.[1] Phosphorus-containing heterocycles in industry typically feature P(V) due to the 
reactivity of P(III) with oxygen. However, the P(III) lone pair can be beneficial for reacting with metals or 
in catalysis. The main research gap in this area lies in stabilizing the P(III) center, which could advance 
phosphorus chemistry and unlock its practical uses. N-donor ligands are used for stabilizing low valent 
atoms, such as phosphadiazonium cations, due to their π-donor ability.[2] N-donor ligands are also 
prominent in optoelectronic materials such as boron difluoride dipyrromethenes (1) (BODIPY) and 
related compounds. While the coordination of heavier main group elements like phosphorus in ligand 
systems has seen limited exploration compared to lighter counterparts, it offers intriguing possibilities. 
Replacing boron with phosphorus (2−4) can impart desirable properties such as enhanced water 
solubility, simplified synthesis, and unique donor-acceptor characteristics as well as unique reactivity.[3-4] 
This presentation will discuss the chemistry of novel phosphorus-nitrogen frameworks (5,6).[2] 

 
  

 
 

Figure 1.  Examples of main group complexes of conjugated N-donor ligands. 
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Organophosphinidenes (RP) constitute an elusive class of compound in which a phosphorus atom at the 
+1 oxidation state is substituted by a single organic residue.1 These highly reactive, low-valent species 
could have intriguing applications in areas such as main-group catalysis if stabilised in a singlet ground 
state. They are potential ambiphiles due to their combination of nonbonding electron pairs and sub-octet 
electron configuration.2 As such, organophosphinidenes are highly reactive molecules and generally exist 
momentarily as transient intermediates when generated.1 We present work that shows a singlet 
organophosphinidene can be accessed by a ligand design that both destabilizes P(+3) states through lone 
pair repulsions and stabilises P(+1) through weak interactions. These weak interactions modulate the 
compound’s reactivity and preclude decomposition of the molecule, while maintaining much of the 
organophosphinidene’s reactive nature. This strategy allows the synthesis of organophosphinidenes 
while avoiding oligomerization, the need for redox non-innocent trapping agents, or extreme steric bulk.  
 

 
 

Figure 1.   a) Computational analysis of the optimised energies of P(III) vs P(I) when phosphorus is 
bearing bis-1,8-pyrrolidinylanthracenyl ligand. b) Thermal ellipsoid plot of the organophosphinidene 
alongside two P-centered NBOs corresponding to the two lone pairs on the singlet 
organophosphinidene. 
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Bimetallic catalysis, a growing field in coordination chemistry, is dominated by homobimetallic systems 
over heterobimetallic.1,2,3 Heteronuclear bimetallic catalyst systems have been shown to be more 
reactive and selective then monometallic counterparts.1,3 However, the development of non-symmetric 
bimetallic catalysts is challenging to do the symmetric nature of many ligands.1 Previous work in our 
group has addressed this shortcoming, through the incorporation of a central imidazopyrimidine ring 
system as a non-symmetric backbone for bimetallic binding.4  We hereby describe a series of novel multi-
nucleating ligands based on the imidazopyrimidine motif.  These ligands enable the scalable synthesis of 
various classes of complexes, including those of copper, nickel, cobalt and palladium. Complexes of these 
ligands, specifically that of homometallic Copper or Nickel have also shown be promising catalysts in 
various metal catalyzed reactions. This work serves to diversify heterobimetallic catalysis through the 
development of a series of ligands with tunable electronic, geometric and steric properties.  
 

  
Figure 1. Design of imidazopyrimidine-based ligands, heterobimetallic coordination and catalytic 
activity of dpip complexes.    
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Fluorination methods have become a burgeoning area of research following the emergence of increasing 
fluoro-pharmaceuticals, agrochemicals, and 18F radioisotope-labelled medicines in recent years.1,2 In the 
case of pharmaceuticals, fluorine incorporation has been found to increase metabolic stability, enhance 
membrane permeability, and strengthen binding affinity.3 As a result, various organic fluorinating 
reagents have been developed over the past few decades.4 While in some cases these reagents may be 
sufficient to achieve fluorination on their own, they are often paired with a transition metal catalyst for 
improved reactivity.5 
Herein, we describe an Fe(OTf)2 catalyzed strategy to perform directing group free C(sp3)-H fluorination 
without the use of any ligand. This reaction employs mild conditions and low catalyst loading, using 
Selectfluor as the fluorine source. The reaction optimization, substrates scope, and functional group 
tolerance of this fluorination strategy will be discussed. 
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