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Photochemical Rearrangements in Heterocyclic Chemistry 
Corentin Lefebvre, Lucas Fortier, and Norbert Hoffmann* (norbert.hoffmann@univ-reims.fr) 
Eur. J. Org. Chem. 2020, 1393–1404. DOI:  10.1002/ejoc.201901190 

 
Abstract:  Heterocyclic compounds play an important role in many domains of chemistry.  They are important structural 
elements in bioactive compounds.  Photochemical reactions enable transformations of such compounds in a very 
convenient way.  In many cases no chemical reagent is used.  Members of one compound family can be transformed 
into members of another one.  Three important types of photochemical rearrangements with heterocyclic compounds 
are discussed:  Photochemical heteroatom isomerization involving heteroatoms and substituents, photochemical 
reactions involving hydrogen atom transfer (HAT) and photochemical electrocyclization. 
              
A Direct, Regioselective and Atom-Economical Synthesis of 3-Aroyl-N-hydroxy-5-
nitroindoles by Cycloaddition of 4-Nitronitrosobenzene with Alkynones 
Luca Scapinello, Angelo Maspero, Stefano Tollari, Giovanni Palmisano, Kenneth M. Nicholas, Andrea 
Penoni (andrea.penoni@uninsubria.it) 
J. Vis. Exp. 2020, 155 e60201 (1–12). DOI:  10.3791/60201 

 
Abstract:  We introduced a regioselective and atom-economical procedure for the synthesis of 3-substituted indoles by 
annulation of nitrosoarenes with ethynyl ketones.  The reactions were carried out achieving indoles without any catalyst 
and with excellent regioselectivity.  No traces of 2-aroylindole products were detected.  Working with 4-
nitronitrosobenzene as starting material, the 3-aroyl-N-hydroxy-5-nitroindole products precipitated from the reaction 
mixtures and were isolated by filtration without any further purification technique.  Differently from the corresponding 
N-hydroxy-3-aryl indoles that, spontaneously in solution, give dehydrodimerization products, the N-hydroxy-3-aroyl 
indoles are stable and no dimerization compounds were observed.  
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A Practical Synthesis of (3-(Phenanthren-9-yl)-4,5-dihydroisoxazol-5-yl)methyl (tert-
Butoxycarbonyl)-L-alaninate 
Francesco Distante, Simona Collina, and Paolo Quadrelli* (paolo.quadrelli@unipv.it)  
Arkivoc 2020, part vi, 66–72. DOI:  10.24820/ark.5550190.p011.160 

 
Abstract:  The synthesis of the (3-(phenanthren-9-yl)-4,5-dihydroisoxazol-5-yl)methyl (tert-butoxycarbonyl)-L-alaninate 
is performed through the facile 1,3-dipolar cycloaddition of the stable phenanthrenenitrile oxide to the N-Boc-protected 
(S)-alanine allyl ester as dipolarophile.  The synthetic strategy and the fluorescence properties of the single cycloadduct 
are described along with the corresponding analytical and spectroscopic data.  
              
DEAE-Cellulose-Catalyzed Synthesis of 5-Hydroxy-isoxazolidines and Their Synthetic Uses 
Towards Nucleoside Analogues 
Karzan K. Aljaf, Ahmed Anwar Amin, Faiq H. S. Hussain, and Paolo Quadrelli* 
(paolo.quadrelli@unipv.it) 
Arkivoc 2020, part vi, 73–83. DOI:  10.24820/ark.5550190.p011.159 

 
Abstract:  5-Hydroxy-isoxazolidinic heterocycles can be easily prepared from hydroxamic acids and suitable a,b-
unsaturated aldehydes or ketones in good yields from solid state synthesis, selectively promoted by DEAE-C.  The 
synthesized products were efficiently derivatized with representative heterobases for the preparation of nucleoside 
analogues suitable for biological evaluation and SAR analysis. 
              
N,O-Nucleoside Analogues:  Metabolic and Apoptotic Activity 
Andrea Marraffa, Piero Presenti, Beatrice Macchi, Francesca Marino-Merlo, Mariella Mella, and Paolo 
Quadrelli (paolo.quadrelli@unipv.it) 
ChemistryOpen 2020, 9, 528–537. DOI:  10.1002/open.202000034  

 
Abstract:  Two new families of N,O-nucleoside analogues containing the anthracene moiety introduced through the 
nitrosocarbonyl ene reaction with allylic alcohols were prepared.  The core structure is an isoxazolidine heterocycle 
that introduces either atom either a phenyl ring or dimethyl moiety at the C3 carbon.  Different heterobases were 
inserted at the position 5 of the heterocyclic ring.  One of the synthesized compounds demonstrated a good capacity 
to induce cell death and an appreciable nuclear fragmentation was evidenced in treated cells.  
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Photocatalyzed Diastereoselective Isomerization of Cinnamyl Chlorides to Cyclopropanes 
Bin Xu, Ludovic Troian-Gautier,* Ryan Dykstra, Robert T. Martin, Osvaldo Gutierrez,* and Uttam K. 
Tambar* 
J. Am. Chem. Soc. 2020, 142, 6206–6215. DOI:  10.1021/jacs.0c00147 

 
Abstract:  Endergonic isomerizations are thermodynamically unfavored processes that are difficult to realize under 
thermal conditions.  We report a photocatalytic and diastereoselective isomerization of acyclic cinnamyl chlorides to 
strained cyclopropanes.  Quantum mechanical calculations (uM06-2X and DLPNO), including TD-DFT calculations, 
and experimental studies provide evidence for the energy transfer from an iridium photocatalyst to the allylic chloride 
substrate followed by C–Cl homolytic cleavage.  Subsequent Cl• radical migration forms a localized triplet 1,3-diradical 
intermediate that, after intersystem crossing, undergoes ring-closing to form the desired product.  The mild reaction 
conditions are compatible with a broad range of functional groups to generate chlorocyclopropanes in high yields and 
diastereoselectivities.  A more efficient process is developed by addition of a catalytic amount of a nickel complex, and 
we propose a novel role for this cocatalyst to recycle an allyl chloride byproduct generated in the course of the reaction.  
The reaction is also shown to be stereoconvergent, as an E/Z mixture of cinnamyl chlorides furnish the anti-
chlorocyclopropane product in high diastereoselectivity.  We anticipate that the use of a visible light activated 
photocatalyst to transform substrates in combination with a transition metal catalyst to recycle byproducts back into the 
catalytic cycle will provide unique opportunities for the discovery of new reactivity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

➢ High Yield
➢ High Diastereoselectivity
➢ FG Tolerance
➢ Gram Scale
➢ Byproduct Recycling
➢ Mechanistic Studies
    (TD-DFT, DFT, Absorption and
    Photoluminescence Spectroscopy)
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2-Bromo-1,3-di(methoxy)imidazolium Tribromide as Starting Salt for 2-Aryl- and 2-
Heteroarylmercapto Derivatives 
Lukas Fliri, Sandro Neuner, Martin Lampl, Gabriel Partl, Holger Kopacka, Klaus Wurst, Thomas 
Gelbrich, Volker Kahlenberg, Sven Nerdinger,* and Herwig Schottenberger* 
(sven.nerdinger@sandoz.com or herwig.schottenberger@uibk.ac.at) 
Heterocycles 2020, 100, 399–417. DOI:  10.3987/COM-20-14208 

 
Abstract:  A one-pot alkylation/bromination sequence of 1-hydroxyimidazole 3-oxide led to the simple isolation of new 
2-bromo-1,3-di(methoxy)imidazolium tribromide 1 by spontaneous precipitation from the aqueous reaction mixture.  
The related bromide 2, quantitatively and cleanly derived from the tribromide 1 via sacrificial bromination of 
cyclohexene, as well as the hexafluorophosphate 3, easily accessible through anion metathesis, represent valuable 
congeners for a rich follow-up chemistry.  The reactivity of the 2-bromo substituent towards nucleophilic substitution by 
different S-nucleophiles was chosen as a starting point.  Thus, a series of 2-arylmercapto- and 2-hetarylmercapto-
imidazolium salts, which are otherwise only elaborately to access, could be isolated with minimal effort.  In addition to 
routine spectroscopic characterization, eleven selected compounds have been determined using single-crystal X-ray 
diffraction. 
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Rational Design of Allosteric and Selective Inhibitors of the Molecular Chaperone TRAP1 
Carlos Sanchez-Martin, Elisabetta Moroni, Mariarosaria Ferraro, Claudio Laquatra, Guiseppe Cannino, 
Ionica Masgras, Alessandro Negro, Paolo Quadrelli, Andrea Rasola,* and Giorgio Colombo* 
(andrea.rasola@unipd.it or g.colombo@unipv.it) 
Cell Reports, 2020, 31, 107531 (1–13, e1–e7). DOI:  10.1016/j.celrep.2020.107531 

 
Abstract:  TRAP1 is the mitochondrial paralog of the heat shock protein 90 (HSP90) chaperone family.  Its activity as 
an energy metabolism regulator has important implications in cancer, neurodegeneration, and ischemia.  Selective 
inhibitors of TRAP1 could inform on its mechanisms of action and set the stage for targeted drug development, but their 
identification was hampered by the similarity among active sites in HSP90 homologs.  We use a dynamics-based 
approach to identify a TRAP1 allosteric pocket distal to its active site that can host drug-like molecules, and we select 
small molecules with optimal stereochemical features to target the pocket.  These leads inhibit TRAP1, but not HSP90, 
ATPase activity and revert TRAP1-dependent downregulation of succinate dehydrogenase activity in cancer cells and 
in zebrafish larvae.  TRAP1 inhibitors are not toxic per se, but they abolish tumorigenic growth of neoplastic cells.  Our 
results indicate that exploiting conformational dynamics can expand the chemical space of chaperone antagonists to 
TRAP1-specific inhibitors with wide therapeutic opportunities.  
 


