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Bienvenue au SACIQ 2019 

 
Le SACIQ a été créé en 1994 par le professeur Pierre Harvey, ayant 
pour but de rapprocher les différents membres de la communauté des 
inorganiciens québécoise et canadienne. Depuis, cette rencontre 
rassemble chaque année une cinquantaine d’étudiants des 1er, 2e et 
3e cycles des groupes de chimie inorganique du Québec et des 
environs. De la catalyse aux matériaux, tous les domaines de cette 
discipline sont représentés. 
 
Ce symposium donne une chance aux étudiants gradués et sous-
gradués de présenter leurs travaux de recherche, dans un cadre 
convivial et informel, puisque le SACIQ se propose de faire valoir la 
science à faible coût. Ainsi, les groupes de recherche sont invités à 
camper et à festoyer en plein air. C’est donc aussi une excellente 
occasion de connaître les merveilles de la nature québécoise. 

 

 

Nos Commanditaires 



Guest speaker 
 

 

 

Metal-Organic Frameworks for Adsorption and Detoxification of 

Hazardous Analytes 

Ashlee J Howarth*, department of Chemistry and Biochemistry, Concordia University, 

7141 Sherbrooke St W. Montreal, QC, H4B 1R6 

Metal-organic frameworks (MOFs) are structurally diverse, porous materials 

comprised of metal nodes bridged by organic linkers. Through careful choice of 

nodes and linkers, the chemical and physical properties of MOFs can be elegantly 

tuned and materials with very high surface area and porosity can be obtained. As a 

consequence, MOFs have been explored for many potential applications including, 

but not limited to, gas storage and release, chemical separations, catalysis, drug 

delivery, light harvesting and energy conversion and the remediation of contaminated 

water. MOFs offer an interesting platform for use as adsorbents, as well as catalysts 

for contaminant detoxification, particularly since the advent of MOFs that are highly 

stable in aqueous solutions and under varying pH conditions. In this presentation, Zr-

based MOFs are explored as platform materials for the adsorption, removal and 

detoxification of various harmful analytes. 

  

Ashlee J. Howarth was born and raised in London, 

Ontario. She obtained her undergraduate degree from the 

University of Western Ontario in 2009, and then went on to 

do her PhD in inorganic materials chemistry at the 

University of British Columbia under the supervision of 

Michael O. Wolf. Before joining the faculty at Concordia, 

she completed an NSERC Postdoctoral Fellowship at 

Northwestern University with Joseph T. Hupp and Omar K. 

Farha. In 2017, Ashlee was recognized by Forbes 

Magazine as a “30 under 30” in Science. Research in the 

Howarth group is focused on the design and synthesis of 

metal–organic frameworks targeting applications in 

wastewater remediation and chemical sensing. 



 

A. ORAL PRESENTATION 
 

1. Design of a heteroleptic Ru(II) bis-terpyridine complex as photosensitizer in 

photocatalytic hydrogen evolution 

Mira Rupp, Thomas Auvray, Garry S. Hanan, Dirk G. Kurth, Université de Montréal 

Mimicking natural photosynthesis, the photocatalytic reduction of water to form 

hydrogen as a usable fuel is one of the approaches to collect and store solar energy. 

Since the first report by Lehn et al. in 1979, ruthenium tris-bipyridine [Ru(bpy)3]2+ 

and its numerous derivatives have been applied as photosensitizers (PSs) in a 

variety of photocatalytic conditions. The bis-terpyridine analogs on the other hand 

have been disregarded for this application due to their low quantum yield and short 

excited-state lifetime. However, by introducing electron donating or withdrawing 

groups on the terpyridine ligands, the photophysical and electrochemical properties 

can be tuned. Furthermore, additional coordination sites, e.g. peripheral pyridine 

rings, offer the possibility of the PS to coordinate to the electrocatalyst and transfer 

electrons efficiently. In this study, a new terpyridine ligand Bipytpy (4„-(4-

bromophenyl)-4,4‟‟‟:4„„,4‟‟‟‟-di-pyridinyl- 2,2„:6„,2„„-terpyridine) was prepared and used 

in the heteroleptic complex 1 [Ru(Tolyltpy)(Bipytpy)](PF6)2 (Tolyltpy : 4‟-tolyl-

2,2‟:6‟,2‟‟-terpyridine). Complex 1 exhibits enhanced photophysical properties 

compared to bis-terpyridine complexes without the pyridine substituents. Additionally, 

the less negative reduction potential facilitates the reductive quenching by a 

sacrificial electron donor which appears to be the rate limiting step in hydrogen 

evolution in this system. The use of complex 1 as PS in visible light driven hydrogen 

evolution, with triethanolamine as sacrificial electron donor and a cobaloxime catalyst 

led to a sustained activity over more than ten days under blue light irradiation. 

 



2. Conformères de [trans-Pt(PR3)2(C≡CC6H4X)2] Piégés Dans Des Matrices 

Rigides 

Marineau-Plante, G.; Juvenal, F.; Langlois, A.; Fortin, D.; Soldera, A.; Harvey, P. D.*, 

Université de Shebrooke 

 

Les complexes luminescents trans-

bis(phénylacétylenyl)bis(trialkylphosphine)platine(II), rapportés pour la première fois 

en 1959, sont étudiés pour applications dans différents domaines, incluant les 

cristaux liquides, les diodes électroluminescentes et les cellules solaires. Dans ces 

deux derniers cas, l’étude des dynamiques à l’état excité devient très importante. Les 

dynamiques de quelques uns de ces complexes ont été rapportés par Khöler et al. et 

Cooper et al.. Les deux groupes de recherche ont rapportés des temps de vies de 

phosphorescence comportant deux composantes. Toutefois, ils n’ont pas fourni 

d’explications formelles quant à la provenance de ce comportement. Nous 

présentons maintenant une explication pour ce comportement. Dans ce travail, 

plusieurs complexes de type [trans-Pt(PR3)2(C≡CC6H4X)2] (R = Me, Et, Bu; X = H, 

SMe) ont été étudiés [1]. Ils montrent tous des décroissances d’émissions à plusieurs 

composantes allant de 2 à 4, et ce pour la phosphorescence à l’état solide à 77 et 

298 K ainsi qu’en solution gelée dans le 2-MeTHF à 77 K, mais pas en solution 

fluide. Ce comportement indique que ce phénomène est dû à la rigidité du milieu qui 

piège les différents conformères, chacune présentant un temps de vie spécifique. 

Des analyses par diffraction des rayons-X sur des monocristaux et par optimisation 

de géométries (DFT) montrent, qu’en effet, plusieurs conformères peuvent coexister 

d’où les angles dièdres entre les plans PtP2C2 et C6H4 varient d’une espèce à 

l’autre. 

 

  



3. Development of antibiotics with a high selectivity for N. gonorrhoeae and N. 

meningitidis 

R. Vidal, M. Lebughe , E. Bernet, G. Golbaghi , M. Haghdoost , F. Veyrier, A. 

Castonguay*, INRS-Institut Armand Frappier Santé Biotechnologie 

 

There is a need to develop novel avenues to selectively treat bacteria that are 

becoming increasingly resistant to currently used antibiotics. For instance, vaccines 

and antibiotics are currently minimally preventing a devastating global epidemic but 

unfortunately, some bacterial strains are rapidly evolving to escape those two types 

of human interventions. Notably, Neisseria gonorrhoeae a sexually transmitted 

infection considered as an emerging public health threat. In collaboration with 

microbiologists from our institute, we recently found that organoborates are highly 

effective at selectively inhibiting the growth and at killing Neisseria gonorrhea and 

Neisseria meningitidis. The aim of our study is then to develop novel a new family of 

antibiotics with a comparable or higher activity than currently used therapeutics for 

the treatment of infections caused by the two above-mentioned pathogenic bacteria 

from the Neisseria family but importantly, that do not alter the activity of other 

bacteria (including non pathogenic Neisseria) that constitute the normal flora in 

healthy individuals and contribute to prevent other potential infections. In this 

presentation, strategies adopted for the preparation of a variety of organoborates will 

be reported. Moreover, results from their preliminary structure-activity screening 

against the two pathogens of interest will be discussed, including the influence of 

their respective lipophilicity on their ability to internalize bacteria, as determined by 

logP determination and ICP-MS experiments. Results emerging from this study could 

lead to the development of novel strategies for the design of highly selective 

treatments for these pathogens that are becoming serious human threats. 

 

  



4. Walking Through The Nitrogen-Containing Functional Groups By Redox 

Reactions with Metals Ions 

Farshid Effaty, Joseph Zsombor-Pindera, Pierre Kennepohl, Xavier Ottenwaelder*, 

Concordia University, University of British Columbia 

 

Starting from Nitro-containing (RNO2, O.S.(N) = +3) pyridine-based ligands and 

using different metal ions (Cu, Fe, Zn), we walk through the different nitrogen-

containing functional groups: Nitroso (RNO, O.S.(N) = +1), Aminoxyl Radical Anion 

(RNO•-, O.S.(N) = 0), Hydroxylamine (RNHOH, O.S.(N) = -1) all the way to the 

Amine group (NH2, O.S.(N) = -3). We perform these transformations in both solid 

and solution states. We are particularly interested in the intermediate aminoxyl and 

hydroxylamine stages because their chemistry has not been investigated thoroughly 

due to the reactive nature of these functions. We investigated the electronic and 

magnetic properties of metal complexes formed by this transformations with various 

techniques such as EXAFS, variable-temperature NMR, Evan’s NMR, EPR, 

cyclovoltametry, and spectroelectrochemistry as well as X-ray crystallography. These 

results give us insights into understanding the redox behavior of nitrogen-containing 

functional groups in interaction with different metal ions. 

 

  



5. Génération de matériaux hautement luminescents: le dicubane Cu8I8 ouvert 

Adrien Schlachter, Lydie Viau, Daniel Fortin, Lena Knauer, Carsten Strohmann, 

Michael Knorr, Pierre D. Harvey*, University of Schebrooke, 

 

En présence de sels de CuI, les ligands di-thioethers sont connus pour former des 

polymères de coordinations (CPs) avec des structures de clusters (CuI)m variées et 

difficilement prévisibles. Ces géométries incluent les espèces planes tel le rhomboïde 

(Cu2I2), le rhomboïde fusionné (Cu4I4), et en forme d’escalier (Cu2I2)n, et 

globulaires tel le cubane (Cu4I4), et le dicubane clos (Cu8I8) pour ne citer qu’eux [1]. 

Nous rapportons ici, la formation d’un nouveau CP renfermant un cluster de CuI 

complètement original en forme de dicubane Cu8I8 ouvert (CP3). Ce motif 

appartenant à la famille des clusters globulaires qui sont généralement fortement 

luminescent a pu être obtenu de manière quasi anticipée (plane vs globulaire) en 

utilisant le ligand 2-methyl-1,3-dithiane, L1. En utilisant les mêmes sous-unités de 

constructions (SBU: Secondary Building Units), deux autres CP non luminescents, 

isomères topologiques 1D et 2D, CP1 et CP2 ont été obtenus. Ces derniers 

renfermant le motif rhomboïde Cu2I2 ont pu être convertis en CP3 par chauffage à 

reflux dans le propionitrile démontrant que le CP3 est bel met bien le produit 

thermodynamique. Finalement nous avons tenté de convertir ce motif dicubane 

Cu8I8 ouvert en dicubane Cu8I8 fermé par action thermique ou avec l’aide 

d’ultrasons sans résultats autres que fragmentation et décomposition en γ-CuI. Les 

structures des trois CPs ont été étudiés par diffraction des rayons-X sur monocristal 

et sur poudre ainsi que par spectroscopie Raman. Les caractéristiques thermiques 

ont été élucidés par analyse thermogravimétrique et calorimétrie différentielle à 

balayage. Une étude complète des propriétés photophysiques de ce nouveau motif 

sans précédent CP3 a été réalisé à 298 et 77 K. Le suivi des transformations des CP 

a été fait par diffraction des rayons-X sur poudre et par luminescence. 

 
 

 

  



6. Furyl-catecholborane, a highly acidic, air stable Lewis acid for a facile 

access to boronic cations 

Natacha Prostran, Yashar Soltani, Frédéric-Georges Fontaine*, Université Laval 

 

Lewis acid promoted reactions have received great attention over the past few 

decades and have been at the root of many important discoveries in various fields of 

research [1,2]. Specifically, boron compounds have been the focus of organic 

synthesis catalysis as well as in frustrated Lewis pair (FLP) reactions [3]. This 

influential subject of chemistry is also attributed to the electron deficient nature of the 

boron atom. In this study, the synthetically easily accessible and air stable furyl-BCat 

proved to be more acidic than its phenyl, tolyl, and thiophenyl counterparts and is 

even comparable to commonly used Lewis acids such as B(C6F3)3 [3]. With this 

compound rarely studied and reported in literature [4,5], its catalytic potential is all the 

more remarkable. This highly reactive species can be protonated to possibly give 

borenium cations, and with its easily accessible and simple synthesis, furyl-BCat 

could play an important role in future catalytic reactions.  

 
 

1 A. Corma, H. García, Chem. Rev., 2003, 103, 4307-4366 

2 H. Yamamoto, Appl. Organometal. Chem., 202, 16, 65 

3 I. B. Sivaev, V. I. Bregadze, Coord. Chem. Rev., 2014, 270-271, 75-88 

4 Y. Ohki, T. Hatanaka, K. Tatsumi, J. Am. Chem. Soc., 2008, 130, 17174-

17186 

5 E. Rochette, V. Desrosiers, Y. Soltani, F. Fontaine, J. Am. Chem. Soc., 2019, 

just accepted 

 

  



7. A new catalyst for supramolecular hydrogen generation 

Vincent Picard, Olivier Schott, Garry S. Hanan*, University of Montreal 

 

Nowadays, global climate change is a known and proven problem that needs an 

imminent solution. We need to reduce our waste in order to keep an acceptable 

environment for future generations. To replace fossil fuels, the conversion of solar 

energy into chemical bonds by water splitting is an interesting and durable solution. 

The combustion of hydrogen produces water instead of CO2, so it’s harmless to 

nature. The challenge consists of extracting electrons from water to form O2 and 

giving electrons to protons to form H2. We need a molecular catalyst that can reduce 

significantly the energy cost of hydrogen generation, in order to be at least close to 

the actual cost of hydrogen generation by plasma electrolysis. This would invite 

companies to use these methods and invest in the research for next generation fuels. 

Here we study the reduction part of water splitting with a new catalyst, coupled with 

references photosensitizer made from Ir and Ru and a sacrificial electron donor. We 

will see that the robustness of this new catalyst makes it more durable and produce 

more hydrogen in an extended period. Its physical and chemical properties were 

investigated by NMR, electrochemistry, spectroelectrochemistry, X-ray diffraction and 

its hydrogen production capacity was also tested. We present here its properties for 

hydrogen generation and compare with known catalyst in comparable conditions and 

demonstrate that this catalyst is a very effective catalyst for hydrogen production. 

 

 
 

  



B. POSTER PRESENTATION 
 

1. Laboratoire d’Analyse des Molécules et Matériaux Photoactifs et Plateforme 

de diffraction des rayons-X 

Daniel Chartrand, Thierry Maris, University de Montréal 

 

The crystallography service offers single crystal and powder analysis using state of 

the art equipment.  

The LAMP service needs a bit more presentation: It has three major axis: 

1. Robotized characterization and fabrication of solar devices  

2. Electrochemical and photophysical characterization of molecular systems; 

3. Monitoring of photoreaction or electrolysis. 

We offer specialized electrochemical and photophysical characterization in inert 

atmosphere conditions for: 

• Photoactive device mounted on glass substrate: Photovoltaics, OPV, DSSC, 

LED, OLED; 

• Molecules (or reaction) in solution; 

• Bulk film or powder material. 

Available techniques: 

• I/V Current vs potential at 0 to 1 sun of irradiation; 

• EQE/IQE External/internal quantum efficiency; 

• EIS Electronic Impedance Spectroscopy up to 1 MHz; 

• Profilometry; 

• Automated mixing and deposition of active layers on device in inert 

atmosphere;   

• Transient absorption spectroscopy; 

• UV-vis-NIR spectroscopy: specular and diffuse transmittance and reflectance; 

• Fluorescence spectroscopy: steady-state, life-time and quantum Yield; 

• Infrared Spectroscopy: ATR or transmittance in inert atmosphere. 

• Electrochemistry: including Cyclic voltamperometry, bulk electrolysis, 

spectroscopy coupled and Rotating disk electrode experiments. 

• GC monitoring of H2, CO2, CO and CH4: Either monitoring over time of a gas 

flow or single point injections.  



2. Alkylammoniotrifluoroborate functionalized polystyrenes: polymeric pre-

catalysts for the metal-free borylation of heteroarenes. 

Nicolas Bouchard and Frédéric-Georges Fontaine*, Université Laval 

 

In 2015, our group [1] reported the catalytic metal-free borylation of heteroarenes 

using ambiphilic 1-TMP-2-BH2-C6H4 (TMP= 2,2,6,6-tetramethylpiperidine). Since 

then, we reported air stable (trifluoroborate salts) and more active catalysts bearing 

smaller amines.[2][3] The ease of synthesis of these air-stable compounds prepared 

from commercially available precursors paves the way to the synthesis of polymeric 

versions of borylation pre-catalysts. We wish to report the synthesis of styrenic 

ambiphilic ‘’Frustrated Lewis Pair’’ based on the ansa-aminoborate motif and the 

polymerization studies. These heterogeneous versions act as tunable and recyclable 

resins, making their implementation in flow systems feasible. We will report the 

reactivity of different formulations of these recyclable materials and highlight their 

potential in batch chemistry.[4] 

 

 [1] Légaré, M.-A.; Courtemanche, M.-A.; Rochette, É.; Fontaine, F.-G. Science. 2015, 349, 513. 

[2] Légaré, M.-A.; Rochette, É.; Légaré Lavergne, J.; Bouchard, N.; Fontaine, F.-G. Chem. Comm. 2016, 

52, 5387. 

[3] Légaré Lavergne, J.; Jayaraman, A.; Misal Castro, L. C.; Rochette, É.; Fontaine, F.-G. J. Am. Chem. 

Soc. 2017, 139, 14714. 

[4] Bouchard, N.; Fontaine, F.-G. Dalton Trans. 2019, 48, 4846. 

 

  



3. Metal-free Isodesmic Borylation Reactions; designing more efficient 

catalysts for more practical boron sources and wider substrate scope 

Vincent Desrosiers, Étienne Rochette, Yashar Soltani, Frédéric-Georges Fontaine*, 

Université Laval 

 

Isodesmic reactions, such as transfer hydrogenation and olefin metathesis, are used 

extensively in organic and material synthesis. However, many of those reactions 

require expensive and toxic transition metal catalysts. It was found that compounds 

comprised of a Lewis base and a Bronsted acid in a geminal pattern, like pyridine-2-

thiol, can catalyze isodesmic borylation reactions. Those compounds can be seen as 

frustrated Lewis pairs and exhibit typical reactivities such as C-H activation, which 

allows to proceed to the borylation of substituted heteroarenes. The reaction can 

proceed using a boron source like 2‐ (furan‐ 2‐ yl)‐ 2H‐ 1,3,2‐ benzodioxaborole 

(FurylBCat) generating only volatile furan as side-product. Because of the absence of 

HBR2 or H2 as side-products, this approach is air and moisture tolerant and can 

borylate aromatic molecules with a wide range of substituents, including alkenes and 

alkynes. We will discuss about the mechanistic insights and the catalyst development 

of this new borylation reaction. 

 
 

  



4. Metallo-supramolecular Terpyridine Assemblies and their Properties 

Natali Shevchenko, Mira Rupp, Garry S. Hanan*, Université de Montréal 

 

Terpyridine ligands are well known for their high affinity to metal ions and their 

resulting metal complexes have been widely studied in the past. Linear polytopic 

ligands can form rod-type macromolecular assemblies when complexed with metal 

ions, eg. ruthenium or iron. A possible application is their use as photosensitizers, or 

as a combination of photosensitizer and catalyst in one structure. In this study, 

tertbutyl groups are introduced to a ditopic terpyridine ligand to increase the solubility 

of long metallo-supramolecular assemblies in organic solvents. The ditopic ligand is 

complexed with ruthenium or iron. The complex’ absorption and redox potentials are 

studied. Furthermore, a monotopic terpyridine ligand with tertbutyl substituents was 

synthesized and complexed with ruthenium or iron. The absorption and 

electrochemistry of this complex are used as references. Future work will be to 

combine light absorption and hydrogen production in one macromolecule. 

 

 
 

 

 

5. Study of frustrated Lewis phosphorous / boron pairs under light irradiation 

Théo Rongère, Frédéric-Georges Fontaine*, Université Laval 

 

Nous avons remarqué que certains composés ambiphiles phosphine-borane avaient 

un comportement particulier sous irradiation UV. Aussi, nous avons observé que la 

PBboroxine pouvait réagir avec l'oxygène sans la nécessité d'utiliser un 

photosensibilisateur contrairement aux composés analogues. Nous avons donc 

étudié ces comportements. 

 

 

  



6. Metal-Free Borylation of Heteroarenes Using Ambiphilic Aminoboranes  

Julien Légaré Lavergne, Arumugam Jayaraman, Luis C. Misal Castro, Étienne 

Rochette and Frédéric-Georges Fontaine*, Université Laval 

 

In 2015, we reported the use of ambiphilic aminoborane 1 as catalyst for the 

borylation of heteroarenes.(1) This compound composed of a sterically encumbered 

amine and an hydroborane in ortho positions on a phenylene framework operates 

using the concept of frustrated Lewis pair (FLP) chemistry.(1) Since then, we 

synthesized new aminoboranes (2, 3 and 4) with smaller amines to study the effect of 

the steric hindrance on the FLP reactivity.(2) Indeed, crystallographic and 

spectroscopic evidences show that these species are not FLPs in the strict sense of 

the term since they exist as stable dimeric species.   

 

We investigated the catalytic C-H borylation reaction using NMR kinetics and DFT 

modelization. The size of the amine has a very important impact on the C-H 

activation step and the dissociation of the dimeric species. Contrarily to what is 

expected from FLP chemistry, species 2 and 3, with a smaller amine improve the 

efficiency of the catalytic transformation. We also demonstrate that it is also possible 

to generate air and water stable trifluoroborate precatalysts of these derivatives.(3) 

 

 
 

 [1] Légaré, M.-A.; Courtemanche, M.-A.; Rochette, E.; Fontaine, F.-G. Science, 

2015, 349, 513. 

[2] Lavergne, J. L.; Jayaraman, A.; Castro, L. M. C.; Rochette, É.; Fontaine, F.-G. J. 

Am. Chem. Soc., 2017, 139, 14714. 

[3] Légaré, M.-A.; Rochette, É.; Lavergne, J. L.; Bouchard, N.; Fontaine, F.-G. Chem. 

Commun. 2016, 52, 5387. 

 

 

  



7. Investigation of triaryl boranes for use in redox-flow batteries 

Thomas Bossé-Demers, Jesse Greener and Frédéric-Georges Fontaine*, Université 

Laval 

 

The constant increase in population lead to an increasing demand in energy. One of 

the major problems with intermittent renewable energies is the stocking on long 

period of time1. Using classic lithium-ions batteries for that application is difficult 

because of the high cost and the limited supply of lithium2. Redox-flow-batteries 

(RFBs) are an interesting alternative. Those batteries are used for grid scale storage, 

by storing energy in charged electro-active material in large reservoirs. They can 

easily be scaled up by increasing the size of reservoirs3. Metal-based RFBs have 

some problems like their high cost and the low availability of metals. This is the 

premise for the work presented here, where we investigated triaryl boranes for their 

use as anolytes in RFBs. It is already known that the readily available compound 

trimesityl borane shows a reversible one electron reduction with a potential of -2.6V 

versus ferrocene5. With that in mind, we made and studied compounds shown in the 

figure to see the effect of different aryl groups on the overall stability and reduction 

potential. Those triaryl boranes are to be used as anolytes in an RFB and in a next 

step to a complete RFB, triaryl phosphines as catolyte. 

 

 
 

1. Denholm, P.; Kulcinski, G. L. Energy Convers. Manag. 2004, 2153–2172 

2. Goodenough, J. B.; Park, K.-S. J. Am. Chem. Soc. 2013, 135, 1167–1176 

3. Winsberg, J.; Hagemann, T.; Janoschka, T.; Hager, M. D.; Schubert, U. S. 

Angew. Chemie - Int. Ed. 2017, 56 (3), 686. 

4. Huskinson, B.; Marshak, M. P.; Suh, C.; Er, S.; Gerhardt, M. R.; Galvin, C. J.; 

Chen, X.; Aspuru-Guzik, A.; Gordon, R. G.; Aziz, M. J. Nature 2014, 505, 195–198. 

5. DuPont, T. J.; Mills, J. L. J. Am. Chem. Soc. 1975, 97, 6375–6382 

 

  



8. Nouvelles formulations de polymères ambiphiles pour la borylation C-H sans 

métal d’hétéroarènes 

Catherine Gagnon, Nicolas Bouchard et Frédéric-Georges Fontaine*, Université 

Laval 

 

La catalyse sans métal préoccupe de nombreux groupes de recherche désireux de 

trouver une alternative aux catalyseurs métalliques. Au cours des dernières années, 

l’utilisation de molécules aminoboranes (NR2-Ar-BH2) comme catalyseurs pour la 

borylation C-H d’hétéroarènes riches en électrons a été étudiée par le groupe 

Fontaine.[1] [2] L’activité catalytique de ces molécules ambiphiles repose sur la 

coopération entre le groupement basique de Lewis (NR2) et le groupement acide de 

Lewis (BR2). Les catalyseurs de première génération (NR2-Ar-BH−) comportant un 

groupement BH2 ont d’abord été produits. Ces derniers étant sensibles à l’air, des 

précatalyseurs de deuxième génération ont par la suite été synthétisés. Tous dérivés 

de la molécule ansa-ammoniotrifluoroborate (NR2H+-Ar-BF3−), ces sels stables 

peuvent être activés par HBpin pour générer la forme active in-situ. [3] La synthèse 

de ces composés stables à l’air nous a mené à produire, d’après un motif styrène, 

trois versions polymériques hétérogènes des catalyseurs homogènes de première 

génération ansa-N,N-dialkylammoniotrifluoroborate (R=Pip, R=Me, R=Et). [4] Il s’agit 

des premiers exemples de supports solides intégrant la réactivité des paires de 

Lewis frustrées (FLPs) pour la borylation C-H d’hétéroarènes. 

 

En se basant sur ces trois motifs de base, nous souhaitons développer des 

formulations plus efficaces de ces polymères selon différentes approches, telle que 

la post-fonctionnalisation et la copolymérisation. La synthèse et les propriétés 

catalytiques de ces différents types de polymères fonctionnalisés seront présentées.  

 

 
 

1 M.-A. Légaré, M.-A. Courtemanche, É. Rochette and F.-G. Fontaine, Science , 

2015, 349, 513. 

2 J. Légaré Lavergne, A. Jayaraman, L. C. Misal Castro, É. Rochette and F.-G. 

Fontaine, J. Am. Chem. Soc., 2017, 139, 14714. 

3 M.-A. Légaré, É. Rochette, J. Légaré Lavergne, N. Bouchard and F.-G. 

Fontaine, Chem. Commun., 2016, 52, 5387. 

4 N. Bouchard and F.-G. Fontaine, Dalton Trans., 2019, 48, 4846. 

 



9. Partial hydrogenation of nitro to hydroxylamine group tethered to 

asymmetric salen-type ligands and their complexation with metal ions. 

Hardeep Singh, Nooshin Sheibany, Xavier Ottenwaelder*, Concordia University 

Reduction of nitroarenes (ArNO2) to the corresponding amines (ArNH2) is through 

intermediate states including ArNO and ArNHOH compounds via sequential 2e 

transfer processes. Herein, our primary goal is to perform this reaction with the 

highest selectivity in NHOH. We are also interested in studying the behaviour of this 

functional moiety upon interaction with the metal ions. 

In our project, asymmetric salen-type ligands with a nitro-containing sulfonamide 

group were synthesized. Substitutions on the salicylimine aromatic ring afford various 

structural and electronic modifications. To carry out the partial hydrogenation of NO2 

to NHOH functionality on coordinating ligands, two different approaches were used 

for synthesis. The partial hydrogenation of imine ligands (LItBu-NO2 and LI-NO2) 

was carried out catalytically using Pd/C (10 wt.% Pd) catalyst poisoned by thioether 

to maximize the quantity of NHOH species thereby precluding it to fully reduced to 

NH2 whereas the reduction of amine-based ligands (LAtBu-NO2 and LA-NO2 ) was 

accomplished employing more facile, cheap and Zn/NH4HCO2 system.  

Subsequent reaction with metal ions such as copper(II), nickel(II) and zinc(II) may 

trigger a reaction with the redox-active NHOH function, such as coordination, 

oxidation and/or disproportionation. A few examples of well-characterized complexes 

will be presented. 

 

  



10. Solvent-free Aerobic Oxidation of Phenols by Copper Catalysts 

Cassandra Wong, Farshid Effaty,  Hardeep Singh, Xavier Ottenwaelder*, XoRG, 

Department of Chemistry and Biochemistry, Concordia University 

 

The oxidation of phenols is studied extensively because it is important in organic 

chemistry and gives rise to structurally diverse products.[1] Currently, most oxidants 

used to accomplish the reaction are toxic to the environment and/or required in 

excess, therefore not up to green chemistry standards. 

Most phenol reactions are radical-based C-C bond formation events. Lumb, however, 

developed a tyrosinase mimic catalyst system, Copper(I)/N,N’-di-tert-

butylethylenediamine (DBED) to aerobically oxygenate phenols into ortho-

quinones.[2] In our group, we demonstrated that copper precatalysts possessing 

either 0, +1 or +2 oxidation state can oxygenate phenols aerobically.[3] These papers 

are the inspiration for using copper to develop effective mechanistic systems where 

selective oxidation reaction can occur over solvent-free conditions with atmospheric 

air; also to investigate the difference it has as compared to under solvent conditions 

like Lumb et al.  

Our approach employs mechanochemistry strategies, specifically utilizing stir bars 

and ball-milling contraptions. In a typical experiment, the air-stable copper complex, 

[DBED-CuII(OAc)2] is ground along with substrate. In order to maintain the reactant’s 

solid integrity since water is a by-product, a base is also added. Our results 

demonstrate that catalysis is achieved, but selectivity towards C-C or quinone 

products still require some tuning. We expect our research to further optimize the 

condition and to test out whether this system can also be applied to different types of 

phenols and alcohols. 

 

[1] Allen S.E., Walvoord R.R., Padilla-Salinas R., Kozlowski M.C. Chemical Reviews 

2013, 113, 6234-6458. DOI: 10.1021/cr300527g. 

[2] Esguerra K.V.N., Fall Y., Lumb J.P. Angewandte Chemie, International Edition, 

2014, 126, 5987-5991. DOI: 10.1002/ange.201311103. 

[3] Askari M.S., Rodriguez-Solano L.A., Proppe A., McAllister B., Lumb, J.P., 

Ottenwaelder X. Dalton Transactions 2015, 44, 12094-12097. DOI: 

10.1039/c5dt00822k. 

 

  



11. Copper catalyzed aerobic oxidation of alcohols involving NO bonds 

Loïc Tan, Farshid Effaty, Hardeep Singh, Joseph Zsombor-Pindera, Xavier 

Ottenwaelder*, Concordia University (Xorg) 

 

The oxidation of alcohols can be used to synthesize aldehydes, ketones and 

carboxylic acids. However, the current oxidation methods are not adapted in the 

context of green chemistry, as the reagents used and the byproducts created are 

toxic for the environment. 

Nevertheless, chemists are interested in developing eco-friendly ways to oxidize 

alcohols. For instance, Lumb et al.1 initiated the idea of an aerobic oxidation of 

alcohols by using copper/N,N’-di-tert-butylethylenediamine (DBED) as a catalyst that 

mimics tyrosinase. Likewise, inspired by the work of Markó et al.2 where they used a 

copper chloride/phenanthroline/di-tert-butylazodicarboxylate (DBAD) complex to 

oxidize alcohols, here we demonstrate that a copper complex coordinated to NH-OH 

bond can exhibit catalytic activity to oxidize terminal alcohols in the presence of a 

base and under oxygen. We are screening various conditions that can improve the 

method, such as the nature of the substrate or the base, the quantities, the 

temperature, etc. 

Although the whole process still needs to be refined for efficiency, we expect our 

ongoing project to be a new environmental-friendly way to oxidize alcohols. 

 

1 Xu, B., Lumb, J.-P., & Arndtsen, B. A. (2015). A TEMPO-Free Copper-Catalyzed 

Aerobic Oxidation of Alcohols. Angewandte Chemie International Edition, 54(14), 

4208–4211. doi:10.1002/anie.201411483 

 

2 Markó, I. E., Gautier, A., Dumeunier, R., Doda, K., Philippart, F., Brown, S. M., & 

Urch, C. J. (2004). Efficient, Copper-Catalyzed, Aerobic Oxidation of Primary 

Alcohols. Angewandte Chemie International Edition, 43(12), 1588–1591. 

doi:10.1002/anie.200353458 

 

  



12. Luminescent Coordination Polymers Constructed from a Highly Distortable 

“Rigid Rod” Pt-organometallic Ligand Exhibiting the Largest Red-shifted 

Emission in this Category 

Frank Juvenal*, Gurit Americas Inc. 

 

The CuX salts (X= I, Br) reacts with the ‘rigid organometallic ligand’ trans-

[NCC6H4C≡CPt(PMe3)2C≡CC6H4CN] (L1) in acetonitrile (MeCN) under 

solvothermal conditions to form luminescent 2D coordination polymers (CPs). The 2D 

structures were confirmed by X-ray crystallography. However, the 2D CPs are 

possible after ligand undergoes distortion around C≡CC to accommodate the 

rhomboid clusters (CuX)2 whereby the 2D layers are joined by Cu-N and Cu- -

acetylenic coordination. In addition, there is no solvent present in these 2D structures 

indicating that these CPs are nonporous in nature unlike the previous reported 

related CPs  probably due to the distortion of the L1. Interestingly, the first rhomboid 

formed is in a trans-geometry (CuI)2 while the second rhomboid is in cis-geometry 

conformation (CuBr)2 despite the fact that the halides are different. It is also 

noteworthy to mention that the structure of cis-geometry is in a butterfly shape which 

is a very rare geometry in comparison with planar. The photophysical properties and 

thermal stability of both ligand and CPs were investigated. Because of the large 

deviation of L1, the resulting emission bands turn out to be the most red-shifted 

emission for this category of ligands and CPs. 

 

Ref: Juvenal, F.; Fortin, D.; Harvey, P. D. Inorg. Chem. 2018, 57, 7208-7221. 

 

  



13. Novel iron- and cobalt-based photosensitizers for artificial photosynthesis 

Georges Turner, Jessica J. Castro, Amlan K. Pal, Mihaela Cibian, Garry S. Hanan*, 

University of Montreal 

Artificial photosynthesis is an elegant solution to our dependence on fossil fuels. 

Unfortunately, an efficient system's design faces problems; for example, the use of 

precious metals. This project focuses on the synthesis of new photosensitizers 

incorporating more abundant metals, such as iron or cobalt. Using these metals could 

lower costs and improve sustainability. The ligands use amidine oxide or guanidine 

groups, strongly electron-donating groups that promote the formation of low spin 

complexes with tunable strongly absorbing LMCTs. 

 

  



14. Development of stimuli-responsive platforms for the delivery of ruthenium-

based drug candidates 

Hoang-Van Tran, Mohammad Mehdi Haghdoost, Paul Tcherkawsky, Sylvain Poulet, 

Soumyashree Jena, Annie Castonguay*, *, INRS-Institut Armand Frappier Santé 

Biotechnologie 

Various stimuli-responsive strategies hold promise for the development of drug 

delivery systems that can efficiently overcome multiple obstacles in cancer treatment. 

Systems such as thermo-responsive linkages based on Diels-Alder reactions have 

emerged as potential tools that can facilitate the cellular uptake of therapeutic agents 

and/or allow them to more efficiently reach their intracellular biological targets within 

cancer cells.1 But they have so far only scarcely been examined.2 Recent studies 

have shown that under certain conditions, the disassembly of Diels-Alder linkages 

can take place at lower and more biologically-relevant temperatures.3-5 Our group is 

interested in investigating whether this strategy could be exploited to achieve the 

slow release of metal-based drug candidates at physiological/pathological 

temperatures (37-42oC). Of particular interest are complexes based on ruthenium, 

which have attracted increasing attention in the field of cancer therapy due to their 

high anti-proliferative effects. In the goal to improve the selectivity of ruthenium 

complexes towards cancer cells, the aim is to induce fewer side effects in the use of 

drug candidates.  

 

Consequently, we plan to investigate the reversibility of drug delivery systems based 

on the Diels-Alder cycloaddition between furan-bearing ruthenium drug candidates 

and cell-penetrating and/or targeting maleimide agents. In this presentation, we will 

report the synthesis and the characterization of a series of furan-maleimide 

ruthenium adducts bearing cell-penetrating or targeting agents. Moreover, we will 

report our preliminary results regarding their biological activity. This study will shed 

light on the potential applications of this type of linkages for the targeted delivery of 

metal-based drug candidates.  



1. Singh, S. K.; Singh, S.; Lillard Jr, J. W.; Singh, R., Drug delivery approaches for breast cancer. 

International journal of nanomedicine 2017, 12, 6205. 

2. Gregoritza, M.; Brandl, F. P., The Diels–Alder reaction: A powerful tool for the design of drug 

delivery systems and biomaterials. European Journal of Pharmaceutics and Biopharmaceutics 2015, 

97, 438-453. 

3. Castonguay, A.; Wilson, E.; Al-Hajaj, N.; Petitjean, L.; Paoletti, J.; Maysinger, D.; Kakkar, A., 

Thermosensitive dendrimer formulation for drug delivery at physiologically relevant temperatures. 

Chemical Communications 2011, 47 (44), 12146-12148. 

4. Kirchhof, S.; Strasser, A.; Wittmann, H.-J.; Messmann, V.; Hammer, N.; Goepferich, A. M.; 

Brandl, F. P., New insights into the cross-linking and degradation mechanism of Diels–Alder 

hydrogels. Journal of Materials Chemistry B 2015, 3 (3), 449-457. 

5. Wei, Z.; Yang, J. H.; Du, X. J.; Xu, F.; Zrinyi, M.; Osada, Y.; Li, F.; Chen, Y. M., Dextran-Based 

Self-Healing Hydrogels Formed by Reversible Diels–Alder Reaction under Physiological Conditions. 

Macromolecular Rapid Communications 2013, 34 (18), 1464-1470. 

 

 
  



15. Cyclohexyl-based catalyst for hydrogen production 
Vincent Picard, Olivier Schott, Garry S. Hanan*, University of Montreal 
 
Since 1980, facing global warming is a growing challenge for every scientist. Lately, it 
has become even more obvious that global warming is a reality. Scientists are facing 
the challenge of making a new way to live, in balance with nature, by producing less 
waste, in order to maintain an acceptable environment and try to reverse the climatic 
changes that cause a slowly extinction of every species on earth. In this awesome 
challenge, one of the most interesting solutions that has been found is to replace 
combustible fossil fuels and use solar energy to produce clean fuels, like hydrogen or 
electricity. Hydrogen is an interesting fuel because in the same mass as combustible 
fossil fuels, we have almost 4 times more energy produced when we burn it. With the 
global climate change situation, something must be done to reduce the problem and 
reverse the situation. Hydrogen is an interesting alternative to fossil fuels, because it 
can be produced directly from water. It could be an interesting solution because when 
it is consumed, it produces water. The main issue right now is that this energy is too 
expensive to produce, versus the hydrogen that is produced from petroleum.  
 

 
 

A new promising catalyst has been discovered to make progress in the artificial water 
splitting reduction process, reducing the price of hydrogen production. Its properties 
make it one of the most useful catalyst that is known today and pave a way to obtain 
a new molecule that would fit our needs. 
 
  



16. Synthesis and characterization of Schiff base ligands bearing a triazole ring 
and their corresponding ruthenium complexes for potential anticancer and 
antifungal applications 
Malou Coche, Golara Golbaghi, Annie Castonguay*, INRS-Centre Armand-Frappier 
Santé Biotechnologie 
Triazole-containing compounds are widely used as antifungal and anticancer 
therapeutics. The mode of action of these compounds involves their interaction with 
various enzymes, notably human CYP19 (or aromatase) and fungal CYP51, which 
catalyses the production of estrogen and ergosterol, respectively. Since estrogens 
are essential hormones for the growth of estrogen receptor positive (ER+) human 
breast cancer [1] and that ergosterol plays an important role in the regulation of 
fungal membrane fluidity and structure [2], enzymes catalyzing the production of 
these hormones are commonly targeted for therapeutic purposes. Both human 
CYP19 and fungal CYP51 comprise an iron porphyrin co-factor, which is the site at 
which triazole rings interact and inhibit the catalytic activity of these enzymes. In the 
course of this study we have been interested in the design of novel triazole-
containing compounds with the ability to coordinate metals through a different site 
than their triazole ring, making possible the obtention of multitargeting metal 
complexes for which both the metal and the ligand can mutually interact with 
biomolecules.  This strategy can lead to drug candidates with enhanced therapeutic 
properties and contribute to the prevention of the development of cancer cell 
resistance [3]. Our group is specifically interested in the design of ruthenium-based 
therapeutics since in recent years, several ruthenium complexes have been reported 
for their potential applications as therapeutics. Interestingly, various ruthenium 
complexes have shown a high cytotoxicity and a low appearance of side effects 
compared to the currently used drugs, notably the anticancer chemotherapeutic 
agent cis-platin, and some have entered preclinical and clinical trials. 
Herein, we report the synthesis and the characterization of a series of Schiff base 
ligands containing a triazole ring and some ruthenium complexes bearing the 
synthesized ligands. Their preliminary antifungal and anticancer activities in Candida 
albicans and ER+ breast cancer cells, respectively, will be discussed. 

 

Ref:  
 1.  I. E. Smith, M. Dowsett. Aromatase Inhibitors in Breast Cancer. N. Engl. J. Med. 
2003, 348;24, 2431-2442. 
  2. M. L. Rodrigues, The Multifunctional Fungal Ergosterol. mBio. 2018, 9 (5), 
e01755-18. 
  3. G. Golbaghi, M. Haghdoost, D. Yancu, Y. López de los Santos, N. Doucet, S. A. 
Patten, J. T. Sanderson and A. Castonguay*. Organoruthenium (II) Complexes 
Bearing an Aromatase Inhibitor: Synthesis, Characterization, in Vitro Biological 
Activity and in Vivo Toxicity in Zebrafish Embryos. Organometallics. 2019, 38, 702-
711. 



17. Ru(II) & Ru(III) Complexes Bearing Aromatase Inhibitors: Synthesis, 
Characterization, in vitro Biological Activity and in vivo Toxicity in Zebrafish 
Embryos 
Golara Golbaghi, Mohammad Mehdi Haghdoost, Irène Pitard, Matthieu Lucas, 
Debbie Yancu, Yossef López de los Santos, Nicolas Doucet, Shunmoogum A. 
Patten, J. Thomas Sanderson, Annie Castonguay*, INRS-Institut Armand-Frappier 
 
Compared to monotherapy, the administration of a combination of drugs can lead to 
more efficient and shorter-term treatments with reduced side effects for cancer 
patients. Of particular interest is the design of anticancer metallic complexes for 
which all structural components such as the metal, the ligand(s) and/or counterion(s) 
are carefully selected to accomplish a particular biological function or to result in a 
molecule with specific intrinsic properties. Many efforts were recently devoted to the 
design of compounds based on ruthenium complexes to overcome the numerous 
problems associated with the widely used platinum-based chemotherapeutics. Some 
ruthenium complexes were found to display fewer side effects than platinum-based 
drugs and some were also found to be active against platinum-resistant cancer cells 
and/or display various modes of action. 
 
We have recently developed a new family of ruthenium (II) and ruthenium (III) 
complexes that include aromatase enzyme inhibitors in their structure (such as 
anastrozole and letrozole). Aromatase inhibitors are widely used for the treatment of 
estrogen receptor positive (ER+) breast cancers in postmenopausal women. They 
inhibit the growth of ER+ cancer cells by blocking the activity of aromatase, the 
enzyme responsible for the conversion of androgens to estrogens. In this 
presentation, we will describe the synthetic strategies adopted to afford such 
potential multitasking ruthenium complexes, their characterization and the evaluation 
of their biological activity including their cytotoxicity and aromatase inhibitory activity 
in relevant cancer cell lines. Furthermore, the in vivo toxicity of the complexes on the 
development of zebrafish embryos will be discussed. 
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