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  Organic Chemistry, Invited Lecture OC-011
  

Site-Selective Direct C–H Arylation 

I. Čorić1

1Department of Chemistry, University of Zurich, Winterthurerstrasse 190, Zurich, Switzerland - ilija.coric@chem.uzh.ch 

Direct transformations of C−H bonds to C−C bonds using transition metals, such as palladium, show great promise for the
synthesis of complex molecules and materials. However, the development of catalytic systems that offer high reactivity and
control over site-selectivity is an outstanding challenge.[1],[2] We have recently developed spatial anion control as a concept
for the design of catalytic sites for C–H bond activation, thereby enabling nondirected C–H arylation[3] of arenes at ambient
temperature.[4] The site- selectivity of the reaction was controlled mainly by theelectronic and steric properties of the
substrates, with electronically-rich and sterically-exposed C–H sites displaying higher reactivity. In this presentation, our
recent progress on the development of site-selective C–H arylation reactions will be described.[5]

 

 

[1] a) T. W. Lyons, M. S. Sanford, Chem. Rev. 2010, 110, 1147-1169; b) K. M. Engle, T.-S. Mei, M. Wasa, J.-Q. Yu, Acc.
Chem. Res. 2012, 45, 788-802; c) J. Wencel-Delord, T. Dröge, F. Liu, F. Glorius, Chem. Soc. Rev. 2011, 40, 4740-4761; d)
J. He, M. Wasa, K. S. L. Chan, Q. Shao, J.-Q. Yu, Chem. Rev. 2017, 117,8754-8786; e) P. Wedi, M. van Gemmeren,
Angew. Chem. Int. Ed. 2018, 57, 13016-13027.
[2] a) P. Wang, P. Verma, G. Xia, J. Shi, J. X. Qiao, S. Tao, P. T. W. Cheng, M. A. Poss, M. E. Farmer, K.-Yeung, J.-Q. Yu,
Nature 2017, 551, 489; b) H. Chen, P. Wedi, T. Meyer, G. Tavakoli, M. van Gemmeren, Angew. Chem. Int. Ed. 2018, 57,
2497-2501.
[3] L.-Y. Liu, J. X. Qiao, K.-S. Yeung, W. R. Ewing, J.-Q. Yu, Angew. Chem. Int. Ed. 2020, 59, 13831-13835.
[4] a) J. Dhankhar, E. González-Fernández, C.-C. Dong, T. K. Mukhopadhyay, A. Linden, I. Čorić, Am. Chem. Soc. 2020,
142, 19040-19046; b) J. Dhankhar, I. Čorić, Synlett 2022, 33, 503-512; c) J. Dhankhar, I. Čorić, Chimia 2022, 76, 777-783.
[5] J. Dhankhar, M. D. Hofer, A. Linden, I. Čorić, Angew. Chem. Int. Ed. 2022, 61, e202205470.
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  Organic Chemistry, Short Talk OC-013
  

Radical-mediated azidofunctionalization of alkenes 

P. Palamini1, E. M. Allouche1, J. Waser1* 

1Laboratory of Catalysis and Organic Synthesis EPFL SB ISIC LCSO, BCH 4409, 1015 Lausanne, CH Switzerland 

The difunctionalization of alkenes is among the most efficient methods for introducing diverse functional groups. Azides, in
particular, are recognized as highly versatile and have found broad applications in synthetic chemistry and the
pharmaceutical industry.1 As precursors of various functionalities such as triazoles, they are also widely considered as
protected amines and have been used as key intermediates. 

In chemical sciences, non-proteinogenic amino acids (NPAAs) show great potential for the optimization of various
biological properties (half-life, specificity, potency, membrane permeability and conformation) of peptide drugs.2 However,
the use of α-nitrogen substituted amino acids has been scarce due to their challenging synthesis. In this context, we
developed an easy access to α-azido amino acids from dehydroamino acids as alkyl radical acceptors using iron catalysis.3

Various azidated amino acids, both proteinogenic and non-natural analogues, were successfully synthesized. The obtained
compounds appear as versatile building blocks that could be transformed into various unprecedented scaffolds including
aminal-type peptides, [7,7]-substituted tetrahydro-triazolopyridine and α-alkyl-α-triazole α-amino acids. 

Additionally, we developed a method for the functionalization of other types of Csp
2-Csp

2 bonds such as styrenes, enols or
enamides enabling the introduction of both an azide moiety and a wide variety of different nucleophiles.4

 

 

[1] Ellen M. Sletten, Carolyn R. Bertozzi, Angew. Chem., Int. Ed. 2009, 48, 6974-6998.

[2] Lei Wang, Nanxi Wang, Wenping Zhang, Xurui Cheng, Zhibin Yan, Gang Shao, Xi Wang, Rui Wang, Caiyun Fu,
Signal Transduct. Target. Ther. 2022, 7, 48.

[3] Pierre Palamini, Emmanuelle M. D. Allouche, Jerome Waser, Org. Lett. 2023, 25, 6791-6795. 

[4] Pierre Palamini, Jerome Waser, manuscript in preparation.
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  Organic Chemistry, Short Talk OC-014
  

Photo- and Cobalt-Catalyzed Synthesis of Heterocycles via Cycloisomerization of Unactivated Olefins 

W. M. Amberg1, H. Lindner1, T. Martini1, D. M. Fischer1, E. Moore1, E. M. Carreira1* 

1ETH Zurich, Department of Chemistry and Applied Biosciences, 8093 Zurich, Switzerland 

In this work, a general, intramolecular cycloisomerization of unactivated olefins with pendant nucleophiles for the synthesis
of heterocycles is reported. The reaction proceeds under mild conditions and tolerates ethers, esters, protected amines,
acetals, pyrazoles, carbamates, and arenes. It is amenable to N-, O-, as well as C-nucleophiles, yielding a number of
different heterocycles including, but not limited to, pyrrolidines, piperidines, tetrahydroisoquinolines, epoxides,
tetrahydrofurans, tetrahydropyrans, lactones, cyclic imidates, oxazolidinones, chromanes, and isochromanones. Use of both
a benzothiazinoquinoxaline as organophotocatalyst and a Co-salen catalyst obviates the need for stoichiometric oxidant or
reductant. We showcase the utility of the protocol in late-stage drug diversification and synthesis of several heterocycle
containing small natural products.[1]

 

 

Traditionally, cobalt catalyzed hydrogen-atom transfer (HAT) hydrofunctionalization of olefins prescribed the use of
stoichiometric oxidant (e.g. peroxide or N-fluoropyridinium salt) and stoichiometric reductant (e.g. silane). However, for
new transformations, minimizing the number of stoichiometric reagents is desirable. Consequently, we set out to develop a
catalytic system which employs cobalt HAT reactivity but obviates the need for stoichiometric oxidant and reductant. Key
to success was the exploitation of a [CoIII]-H ⇌ [CoI]– acid-base equilibrium and combining a cobalt complex with a
reductive photocatalyst under blue light irradiation. To showcase the potential of our catalytic system, we applied it for the
synthesis of over ten different types of heterocycles. Our synthetic efforts commenced with nitrogen containing rings. We
showed that amines bearing different protecting groups (Ts, Cbz, Boc) can successfully be cyclized to afford pyrrolidines
and piperidines amongst other heterocycles. The method was subsequently generalized to include other nucleophiles such as
carbamates, sulfonamides, alcohols, and carboxylic acids in the cycloisomerization which successfully afforded 3-, 5-, 6-,
and 7- membered heteroatom containing rings in high yield. Finally, we showed that aryls are also competent nucleophiles
in the cycloisomerization of unactivated olefins. In summary, we successfully merged organophotoredox- and transition
metal-catalysis for the synthesis of valuable building blocks. Our approach is sure to open new horizons for methods
development.[1]

[1] Henry Lindner,‡ Willi M. Amberg,‡ Tristano Martini, David M. Fischer, Eléonore Moore, Erick M. Carreira, Angew.
Chem. Int. Ed., 2024, e202319515. (Note: ‡ denotes equal contribution).
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  Organic Chemistry, Short Talk OC-015
  

Asymmetric, Remote C(sp3)-H Arylation via Sulfinyl-Smiles Rearrangement 

Y. Hu1, C. Hervieu1, E. Merino2,3*, C. Nevado1* 

1University of Zurich, 2Universidad de Alcalá, 3Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS) 

An efficient asymmetric remote arylation of C(sp3)-H bonds under photoredox conditions is described here. The reaction
features the addition radicals to a double bond followed by a site-selective radical translocation (1,n-hydrogen atom transfer)
as well as a stereocontrolled aryl migration via sulfinyl-Smiles rearrangement furnishing a wide range of chiral α-arylated
amides with up to >99:1 er. Mechanistic studies indicate that the sulfinamido group governs the stereochemistry of the
product with the aryl migration being the rate determining step preceded by a kinetically favored 1,n-HAT process. 

 

 

1.C. Hervieu, M. S. Kirillova, T. Suárez, M. Müller, E. Merino, C. Nevado, Nat. Chem. 2021, 13, 327-334.
2.C. Hervieu, M. S. Kirillova, Y. Hu, S. Cuesta-Galisteo, E. Merino, C. Nevado, Nat. Chem. 2024, DOI:
10.1038/s41557-023-01414-8.
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  Organic Chemistry, Short Talk OC-016
  

Flow Chemistry for the Synthesis of the Anesthetic Mepivacaine, a More Sustainable Approach 

P. Díaz-Kruik1, F. Paradisi1* 

1University of Bern, Freiestrasse 3, 3012, Bern, Switzerland 

Immediate access to supplies of local anesthetics, such as mepivacaine (2), is important in the field of medicine.1-3 The swift
production of mepivacaine, using readily available reagents, via a portable and continuous apparatus, could bring a
significant impact to the production of the active pharmaceutical ingredient, especially in underdeveloped countries.4 In this
study, we produced mepivacaine (2), prioritizing sustainability, reaction efficiency, and seamless integration, using N
-functionalization and amide coupling, and yielding the drug at a gram scale. Initial results showed that the order of the
functionalization was a key parameter in the successful synthesis of the final products. N-Functionalization of the pipecolic
ester (1) was achieved in only five minutes of residence time in up to 99% conversion. The product could be obtained by
subsequent pH adjustment and continuous extraction into the green solvent, 2-MeTHF. The amide coupling was performed
in continuous-mode, without the need of coupling reagents, using an in situ prepared Li-amide5, and yielding 90%
conversion to product (2) in less than four minutes. 

 

 

 

The utilization of flow chemistry enabled "forbidden" chemistry to be safely performed at a preparative scale. This
continuous platform offers a promising and sustainable approach with the potential to meet the demands of the healthcare
industry.

[1] Gaurav Kuthiala, Geeta Chaudhary, Indian Journal. Anaesth, 2011, 55 (2), 104–110.
[2] Zsolt Fülöp, Péter Szemesi, Peéter Bana, János Éles, István Greiner, Reaction Chemistry & Engineering, 2020, 5, 1527-1555.
[3] Yu-Hao Wang, Dian-Ri Wang, Ji-Yuan Liu, Jian Pan, Journal of Dental Sciences, 2021, 16 (4), 1055–1065.
[4] T Schnittger, Anaesthesia, 2007, 62, 44–47.
[5] Michael Fairley, Leonie J. Bole, Florian F. Mulks, Laura Main, Alan R. Kennedy, Charles T. O’Hara, Joaquín García-
Alvarez, Eva Hevia, Chemical Science, 2020, 11 (25), 6500–6509
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  Organic Chemistry, Short Talk OC-017
  

Total Synthesis of the Diterpenes (+)-Randainin D and (+)-Barekoxide via Photoredox-Catalyzed Deoxygenative
Allylation 

O. Vyhivskyi1, O. Baudoin1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland 

Diterpenes randainins A-D, along with shortolides B-C, have recently been isolated by research groups of Shen [1] and
Williams [2]. These natural products are structurally unique due to the simultaneous presence of trans-hydroazulene
skeleton and butenolide moiety. Randainin D has been found to be a moderate inhibitor of superoxide-anion generation and
elastase release. Such biological activity, together with the intriguing structure, including a trans-5/7-ring scaffold and five
stereocenters (two tetrasubstituted), makes randainin D an attractive and challenging synthetic target.

 

 

Herein, we report the first enantioselective total synthesis of (+)-randainin D. The trans-hydroazulene core was accessed via
a highly challenging ring-closing metathesis, leading to a tetrasubstituted enone. The butenolide moiety was installed via a
novel deoxygenative allylation under Ir-photoredox catalysis, employing methyl oxalate as a red/ox tag. Our study not only
achieved the first asymmetric total synthesis of (+)-randainin D but also successfully applied the developed allylation
method in the 7-step total synthesis of (+)-barekoxide. This underscores the potential of our deoxygenative allylation
approach as a promising strategy for the formation of Cq–C(sp3) bonds (Cq = quaternary center) in the context of natural
products synthesis [3].

[1] Ho-Hsi Cheng, Yuan-Bin Cheng, Tsong-Long Hwang, Yao-Haur Kuo, Chung-Hsiung Chen, Ya-Ching Shen, Journal of
Natural Products, 2015, 78, 8, 1823-1828.

[2] Russell B. Williams, Lin Du, Vanessa L. Norman, Matt G. Goering, Mark O’Neil-Johnson, Scott Woodbury, Matthew
A. Albrecht, Douglas R. Powell, Robert H. Cichewicz, Gary R. Eldridge, Courtney M. Starks, Journal of Natural
Products, 2014, 77, 6, 1438-1444. 

[3] Oleksandr Vyhivskyi, Olivier Baudoin, Journal of the American Chemical Society, 2024, 146, 16, 11486-11492.

 

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


  Organic Chemistry, Invited Lecture OC-021
  

Enabling technologies at Syngenta: electrochemistry as a case study 

A. V. Iosub1, M. Lehmann1, C. Scarborough1

1Syngenta Crop Protection AG, Schaffauserstrasse, CH-4332 Stein, Switzerland 

The challenge of feeding a growing population requires that chemists at Syngenta consistently remain cutting edge. The
adoption of multiple enabling technologies in recent years is giving us additional tools to develop new, more efficient, and
more sustainable routes to our crop protection products. In this talk, I will introduce the Synthesis Technologies platform
within Crop Protection, with a particular emphasis on our journey in developing electrochemistry capabilities. Driven by
chemistry needs, we quickly built-up traditional electrochemistry capabilities. As we realized the potential for implementing
electrochemical transformations in our research activities, we also developed new technical solution for electrochemistry
that would enable generation of industrially relevant data on basic reactivity, as well as scale-up. Case studies on various
chemical processes, intertwined with internal capability development will be presented.
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  Organic Chemistry, Short Talk OC-023
  

Vicinal Nucleophilic Disubstitution Reactions of (Densely Substituted) Arenes via 1,2-Bis-Triazenylarenes 

C. Mathew1, K. Severin1* 

1Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL) 

Nucleophilic aromatic substitution reactions of aryl diazonium salts represent a key transformation in synthetic organic
chemistry. The Sandmeyer reaction, a method enabling the synthesis of aryl halides or aryl cyanides and the Balz-
Schiemann reaction, a convenient method to fluorobenzenes are typical examples.1 Vicinal nucleophilic disubstitution
reactions can be achieved by subjecting ortho-diaminobenzenes to Sandmeyer/Balz-Schiemann-type conditions. However,
only few examples have been reported in the literature, with limited scope. Challenges arise from the facile generation of
benzotriazoles under diazotization conditions, and the precarious stability of the intermediate bis-diazonium salts (scheme
1a).1 Herein, we show that vicinal nucleophilic disubstitution reactions are facilitated by the use of 1,2-bis-triazenylarenes.
The triazene groups can be substituted sequentially by a range of nucleophiles including fluoride, chloride, bromide, iodide,
azide, methoxy, and hydroxide (scheme 1b).2

 

 

The authors greatly appreciate the financial support from EPFL as well as the facility/equipment available within EPFL.

[1] a) R. Akhtar, A. F. Zahoor, N. Rasool, M. Ahmad, K. G. Ali, Mol. Diversity 2022, 26, 1837–1873; b) F. Mo, D. Qiu, L.
Zhang, J. Wang, Chem. Rev. 2021, 121, 5741–5829;
[2] C. Mathew, A. Y. Gitlina, C. T. Bormann, F. Fadaei-Tirani, K. Severin, Manuscript in preparation
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  Organic Chemistry, Short Talk OC-024
  

Catalyst-stereocontrolled synthesis of alkyne atropisomers 

L. B. Reyes Méndez1, D. Pepe1, J. Dong1, N. Sidler1, D. Häussinger1, C. Sparr1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4059 Basel, Switzerland 

The rotational isomerism about the linear alkyne C-C≡C-C group has been investigated in detail by Toyota [1] and other
researchers. However, acyclic systems with sufficient configurational stability at ambient temperature are yet unprecedent.
Interestingly, the formal insertion of an alkyne across a stereogenic axis, such as for biaryl atropisomers, represent a ‘carbo-
merization’ [2], a concept that can be extended to stereogenic units.

In this work we describe the stereoselective synthesis of atropisomers bearing a rotationally restricted alkyne group using a
rhodium-catalyzed [2+2+2]-cyclotrimerisation. Using this strategy, polyaromatic systems that exhibit a restricted rotation
about the C-C≡C-C axis were obtained with enantioselectivities up to 91:9 e.r. To the best of our knowledge, this is the first
example of a configurationally stable acyclic alkyne atropisomer and catalyst control over an extended stereogenic axis.
Notably, the configurational stability allows the isolation and study of these novel chiral rotationally restricted compounds.

 

 

[1] Shinji Toyota, Chemical Reviews, 2010, 110, 5398-5424.

[2] Remi Chauvin, Tetrahedron Letters, 1995, 36, 397-400.
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  Organic Chemistry, Short Talk OC-025
  

Electronic and Chiroptical Properties of Cations and Neutral Radicals of Enantiopure Diaza[4]helicenes 

B. Fabri1, T. Funaioli2, L. Frédéric1, C. Elsner3, E. Bordignon3, F. Zinna2, L. Di Bari2, G. Pescitelli2, J. Lacour1* 

1University of Geneva, Department of Organic Chemistry, Quai Ernest Ansermet 30, 1211 Genève 4, Switzerland, 2

University of Pisa, Dipartimento di Chimica e Chimica Industriale, Via G. Moruzzi 13, Pisa, Italy, 3University of Geneva,
Department of Physical Chemistry, Quai Ernest Ansermet 30, 1211 Genève 4, Switzerland 

Organic chromophores offer the possibility of extensively modulate electronic and optical properties, making them
attractive research targets. Furthermore, accessing a series of chiral compounds absorbing and emitting (circularly polarized)
light over a wide spectral window is of practical value in chiroptical applications.1 In this work, thanks to Ir-catalysed direct
C-H borylation on derivatives bridging triaryl methyl and helicene domains,2 we have achieved the regioselective triple
introduction of para electron-donating or electron-withdrawing substituents. 

 

 

These newly introduced substituents bring about an extended tuning of electronic (e.g., E1/2
red −1.50 V → −0.68 V) and

optical (e.g., emission covering from 550 to 850 nm, quantum yields up to 70%) properties of the cations. Persistent neutral
radicals were then accessed, with the derivatives bearing electron-withdrawing groups, by mono electron reduction under
electrochemical or chemical conditions. Strong Cotton effects are obtained for the radicals at low energies (λabs ∼700−900
nm) with gabs values above 10−3. The open-shell electronic nature of these derivatives was further characterized by electron
paramagnetic resonance revealing an important spin density delocalization that contributes to their persistence.3

 

 

[1] a) Yun Shen, Chuan-Feng Chen, Chem. Rev. 2012, 112, 3, 1463–1535. b) Johann Bosson, Niels Bisballe, Bo W.
Laursen, Jérôme Lacour, Helicenes. Synthesis, Properties and Applications (Eds.: J. Crassous, I. G. Stara, I. Stary), Wiley-
VCH, 2022, Chapter 4, p. 127-165.

[2] a) J. F. Hartwig, Acc. Chem. Res. 2012, 45, 864. b) M. T. Mihai, G. R. Genov, R. J. Phipps, Chem. Soc. Rev. 2018, 47,
149. c) Lucas Frédéric, Bibiana Fabri, Laure Guénée, Francesco Zinna, Lorenzo Di Bari, Jérôme Lacour, Eur. J. 2022,
e202201853.

[3] B. Fabri, T. Funaioli, L. Frédéric, C. Elsner, E. Bordignon, F. Zinna, L. Di Bari, G. Pescitelli, J. Lacour, J.
Am. Chem.Soc. 2024, 146, 8308−8319.
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  Organic Chemistry, Short Talk OC-026
  

Photochromism in cyclic dipeptides: biocompatible switches and smart materials 

Z. Pianowski1,2

1Institute of Biological and Chemical Systems – FMS, KIT Karlsruhe, Kaiserstrasse 12, 76131 Karlsruhe, Germany, 2

Institute of Organic Chemistry, KIT Karlsruhe, Kaiserstrasse 12, 76131 Karlsruhe, Germany 

Cyclic dipeptides (CDP) based on 2,5-diketopiperazine core are common structural motifs in biology, potent
pharmacophores, and important constituents of numerous supramolecular systems based on hydrogen bonding.[1] Light-
triggered photomodulation of their properties opens the way for photopharmacology applications, or producing smart
materials. For that, we combined CDPs with molecular photoswitches.[2]

We introduced a series of biocompatilble photochromic hydrogels for light-triggered drug release, including a red-light-
triggered "supramolecular syringe".[3] Later, we have discovered a new class of molecular photoswitches - hemipiperazines
- acting by E/Z-isomerization of arylidene-substituted CDPs.[4] One of them - plinabulin (a low-nM antimitotic agent) -
undergoes activity photomodulation in vitro by two orders of magnitude,[4] and can be used to photocontrol development of
zebrafish embryos.[5] Other hemipiperazines [6] can be used as photochromic metal sensors,[7] and photoswitchable
fluorophores in vitro [4] or in vivo.[8]

We will report the most recent applications of photochromic CDPs in photopharmacology and smart materials developed in
our group.

 

 

[1] C. Balachandra, D. Padhi, T. Govindaraju ChemMedChem 2021, 16, 2558-2587.
[2] Z. Pianowski Chem. Eur. J. 2019, 25, 5128-5144; Z. Pianowski (Ed.) Molecular photoswitches. Chemistry, properties,
and applications. 2022, Wiley-VCH
[3] J. Karcher, Z. Pianowski Chem. Eur. J. 2018, 24, 11605-11610; A.-L. Leistner, M. M. Most, Z. Pianowski Chem. Eur.
J. 2023, 29, e202302295.
[4] S. Kirchner, A.-L. Leistner, P. Gödtel, A. Seliwjorstow, S. Weber, J. Karcher, M. Nieger, Z. Pianowski Nat.
Commun. 2022, 13, 6066.
[5] A. Seliwjorstow, M. Takamiya, S. Rastegar, Z. Pianowski Z. ChemBioChem 2024, 25(8), e202400143
[6] P. Gödtel, J. Starrett, Z. Pianowski Chem. Eur. J. 2023, 29, e202204009
[7] V. Schäfer, Z. Pianowski submitted
[8] P. Gödtel, Z. Pianowski manuscript in preparation

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


  Organic Chemistry, Short Talk OC-027
  

Synthesis of curved Polycyclic aromatic macrocycles towards shape-assisted self-assembly 

L. Sturm1, M. Rickhaus2* 

1University of Geneva, science II, Quai Ernest-Ansermet 30, 1205 Genève, 2Université de Genève, science II, Quai Ernest-
Ansermet 30, 1205 Genève 

At the Rickhaus lab, we firmly believe that "shape matters." Our research focuses on the self-assembly of nitrogen-rich
curved macrocycles. Since our first study on the self-assembly of carpyridine macrocycles in 2022[1],[2], these uniquely
shaped structures have become central to several of our research projects. Carpyridine macrocycles, composed of two
carbazoles and two pyridines, exhibit a saddle shape that facilitates shape-mediated self-assembly on surfaces.

We are currently exploring new ideas to synthesize carpyridines with various substituents to compare their assembly
properties. This work will present innovative synthesis methods for decorating curved macrocycles, including carpyridines,
octulene derivatives, and other related structures.

 

 

 

[1] Lucía Gallego, Joseph F. Woods, Rachele Butti, Piotr Szwedziak, Andreas Vargas Jentzsch,* and Michel Rickhaus*
Angew. Chem. Int. Ed. 2024, 63, e202318879

 

[2]Joseph F. Woods , Lucía Gallego, Pauline Pfister, Mounir Maaloum, Andreas Vargas Jentzsch & Michel Rickhaus*
Nature Commun. 2022, 13, 3681
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  Organic Chemistry, Poster OC-101
  

Enantioselective Total Synthesis of (+)-Aberrarone 

W. M. Amberg1, E. M. Carreira1* 

1ETH Zurich, Department of Chemistry and Applied Biosciences, 8093 Zurich, Switzerland 

We present the first total synthesis of (+)-aberrarone, a diterpenoid natural product featuring a 5-5-5-6-fused tetracyclic
skeleton. The convergent approach furnishes the natural product stereoselectively in 15 steps. Key to success is a Au-
catalyzed – Sn-mediated Meyer-Schuster–Nazarov–cyclopropanation–aldol cascade, which closes four rings in one step.
This work highlights the benefits of using a Sn-alkoxide to considerably expand the opportunities of Au-catalysis for the
synthesis of complex molecules.[1]

 

 

The approach to (+)-aberrarone commenced with the synthesis of alkyne 2 from (R)-pantolactone and enol triflate 3 from
(R)-Roche ester. Sonogashira cross-coupling of both fragments followed by Parikh-Doering oxidation gave rapid access to
cyclization precursor 4. The subsequent Au-catalyzed – Sn-mediated step assembled the A, B, and D rings, set six
stereogenic centers, and formed two quaternary centers in one step. The successful application of n-Bu3SnOMe in this
complex setting to form the six membered ring D has no precedence and has the potential to be used in other complex
systems. The quick and highly efficient route to (+)-aberrarone could be applied for the construction of other linear
triquinanes with an angular fused cyclohexane.[1]

 

 

[1] Willi M. Amberg, Erick M. Carreira, J. Am. Chem. Soc., 2022, 144, 15475–15479.
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  Organic Chemistry, Poster OC-102
  

Fluorescent Membrane Probes for Increased Partitioning in Membranes 

F. Bayard1, X. Chen1, N. Sakai1, S. Matile1* 

1Department of Organic Chemistry, University of Geneva, 1211 Geneva, Switzerland 

Fluorescent probes have emerged as a powerful tool for imaging cells, as they are non-invasive, easy to handle and can be
used to track live changes in cells. In 2016, the Flipper-TR was introduced to image membrane tension in live cells, by
increasing the fluorescent lifetime in higher ordered membranes.[1] The fluorescent contribution of Flipper-TR comes mostly
from the plasma membrane and lacks a distinguished partitioning in a certain phase. These phases can either be liquid-
ordered (Lo) membranes (containing saturated lipids, with a high concentration of cholesterol) or liquid-disordered (Ld)
membranes (with unsaturated lipids). To improve this characteristic, the Flipper was modified with long alkyl chains (H-,
L-, and S-Flipper, for Lo) and bulky alkyl chains (G- and O-Flipper, for Ld) to increase the hydrophobic interfacing and
therefore the partitioning in artificial or cell plasma membranes. The long alkyl chain Flippers already had an increased
partitioning in liquid ordered membranes in mixed (Lo and Ld) giant unilamellar vesicles (GUVs). In contrast the bulky alkyl
chain Flippers were staining both Lo and Ld phases in mixed GUVs. Although these hydrophobic probes had an increased
partitioning in artificial membranes, they readily internalized in live cells.[2] To overcome the internalization in cells, a more
hydrophilic headgroup with four glutamic acids and a 4- formal negative charge (E4P-Flipper) were attached to the probe
alongside a palmityl alkyl chain. The lifetime of this new Flipper probe had an increased lifetime of 6.5 ns in Lo and 5.7 ns
in mixed GUVs, compared to Flipper-TR with 6.0 ns and 4.8 ns, allowing for higher quality images of membranes.[3]

 

 

[1] Xiao-Xiao Chen, Felix Bayard, Nerea Gonzalez-Sanchis, Khurnia Krisna Puji Pamungkas, Naomi Sakai, Stefan Matile,
Angew. Chem. Int. Ed.,  2023, 62, e202217868.
[2] Felix Bayard, Xiao-Xiao Chen, Juan Manuel García-Arcos, Aurelien Roux, Naomi Sakai, Stefan
Matile, ChemistryEurope, 2023, 1, e202300041.
[3] Felix Bayard, Stefan Matile, Helv. Chim. Acta, 2024, 107, e202400062.
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Selective Recognition of Sucrose in Water by a Synthetic Receptor 

L. Beiersdörfer1, M. Li1, D. Zetschok1, H. Wennemers1* 

1Laboratory of Organic Chemistry, ETH Zurich 

The selective recognition of saccharides in aqueous environments is challenging due to their structural and functional
similarity and the high solvation in water. The Wennemers group recently developed an oligoproline-based receptor with
two boronic acid moieties that binds the disaccharide sucrose with high selectivity and affinity in aqueous media (Ka ≈
10’000 M-1). The conformationally well-defined peptide scaffold allows for precise positioning of the recognition motifs in
a distance of ≈ 9 Å. This spacing reflects the distance of the 1,3-diol moieties in sucrose. Reversible boronic ester formation
between the boronic acid residues of the receptor and the diol groups of sucrose leads to a macrocyclic complex.
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Oxidative amination of unactivated alkenes via nitrogen atom insertion into carbon-carbon double bonds 

Y. Brägger1, A. K. Paschke1, N. Nasiri1, B. B. Botlik1, F. Felician1, B. Morandi1* 

1Laboratorium für Organische Chemie, ETH Zürich, 8093 Zürich, Switzerland 

The synthesis of nitrogen-containing molecules through C–N bond formation is critical for the discovery and preparation of
medicines, agrochemicals and materials. Traditional synthetic methods using alkenes as ubiquitous substrates leverage the
reactivity of the C(sp2 )–C(sp2 ) π bond for C–N bond formation. In contrast, methods that can form C–N bonds through
complete cleavage of the double bond are scarce, despite the considerable synthetic potential of such a strategy. Here, we
report the direct insertion of a nitrogen atom into unactivated carbon-carbon double bonds to access aza-allenium
intermediates which can be converted either into nitriles or amidine products, depending on the initial alkene substitution
pattern. This operationally simple and highly functional group tolerant reaction works on a wide range of unactivated
alkenes. Our mechanistic proposal is supported by chemical trapping experiments, which concomitantly demonstrate the
utility of our method to access valuable N-heterocycles. Overall, this study demonstrates the possibility to access reactive
nitrogen-containing intermediates (i.e. aza-alleniums), which have ample potential for downstream diversification, from
unactivated alkenes, opening new avenues for the discovery and preparation of important products.

 

 

[1] Y. Brägger, A.-S. K. Paschke, N. Nasiri, B. B. Botlik, F. Felician, B. Morandi, Oxidative amination of unactivated
alkenes via nitrogen atom insertion into carbon-carbon double bonds. ChemRxiv 2024. [DOI]
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Catalytic Difunctionalization of Cyclopropenes via a Tethering Strategy 

D. K. Brownsey1, A. Schöpfer1, J. Waser1* 

1SB-ISIC LCSO, EPFL, CH-1015 Lausanne 

Cyclopropanes are the smallest possible carbocycles and are present in a myriad of biologically active molecules due to their
unique structural properties [1]. For example, the rigid cyclic structures of cyclopropanes ensure that their substituents are
held within specific conformations, which may enhance their affinity towards a biological target [2]. While highly
functionalized cyclopropanes are of interest, preparation of these scaffolds is still limited. One way to rapidly access various
complex cyclopropanes is the direct functionalization of their unsaturated analogous cyclopropenes [3]. However, there are
several challenges to overcome when controlling the regio- and stereochemical outcomes of this functionalization [3]. The
Waser group has previously developed several methods for the difunctionalization of alkenes and alkynes using a palladium-
catalyzed tethering strategy [4]. The use of cleavable tethers affords intermolecular products, while benefiting from
intramolecular reactivity, allowing for enhanced selectivity of the stereochemical outcomes of the reaction [5]. This work
has extended this strategy towards catalytic difunctionalization of cyclopropenes to afford heavily decorated cyclopropanes
with good diastereocontrol. Current results and efforts towards reaction development will be discussed during this
presentation.
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[1] Tanaji T. Talele, J. Med. Chem., 2016, 59, 8712-8756.
[2] Mattias R. Bauer, Paolo Di Fruscia, Bejamin C. Whitehurtst, et al. RSC Med. Chem., 2021, 12, 448-447.
[3] Penghua Li, Xiaoyu Zhang, Min Shi, Chem. Commun., 2020, 56, 5457-5471. [4] Ugo Orcel, Jerome Waser, Chem. Sci.,
2017, 8, 32-39. [5] Mikael Bols, Troels Skrydstrup, Chem. Rev., 1995, 95, 1253-1277.
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Catalyst Control Over Pentavalent Stereocenters 

A. Budeev1, J. Dong1, D. Häussinger1, C. Sparr1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland 

A plethora of catalytic methods have been developed to address one of two configurations of tetravalent stereocenters.[1]

Conversely, achieving control over high-valent stereocenters has proven to be a persisting challenge. Pentavalent
stereocenters, characterized by a fifth moiety attached to the central atom, encode an extended stereochemical space beyond
the classical Le Bel–van ‘t Hoff stereo-isomerism[2,3] (>2n), which results in having more than two stereoisomers per one
stereocenter. In this work, a catalytic method allowing the selection of configurations in pentavalent stereocenters was
developed. A bifunctional iminophosphorane thiourea catalyst[4] enables precise control over enantio- and diastereomers
emerging from a single stereocenter of pentavalent phosphoranes, yielding desired dioxophosphoranes with excellent yield
and selectivity (up to 99% yield, 96:4 e.r. and 99:1 d.r.). Stereodivergent catalysis allows selective access to each different
diastereomeric state of the pentavalent phosphoranes, rendering the expanding stereochemical space of high-valent main
group species selectively addressable.[5]

 

 

[1] Eric N. Jacobsen, Andreas Pfaltz, Hisashi Yamamoto, Comprehensive Asymmetric Catalysis, Springer, 1999.
[2] Joseph A. Le Bel, Bulletin de la Société chimique de Paris, 1874, 22, 337-347.
[3] Jacobus H. Van ‘t Hoff, Archives Neerlandaises des Sciences Exactes et Naturelles, 1874, 9, 445-454.
[4] Michele Formica, Daniel Rozsar, Guanglong Su, Alistair J. M. Farley, Darren J. Dixon, Accounts of Chemical Research, 2020, 53, 2235-2247.
[5] Anton Budeev, Jianyang Dong, Daniel Häussinger, Christof Sparr, Nature Communications, 2023, 14, 8013.
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Reversing the Diastereoselectivity of the Organocatalyzed Conjugate Addition Reactions to Nitroolefins – From
Reaction Development to Formal Synthesis of Upadacitinib 

A. Budinska1, A. Berg1, M. Heinke1, H. Wennemers1* 

1Laboratory of Organic Chemistry, D-CHAB, ETH Zürich 

In the past two decades, organocatalyzed stereoselective conjugate addition reactions of aldehydes
to nitroolefins have been the subject of intense research. However, essentially all methods afford
the syn-diastereoisomer of the resulting ?-nitroaldehyde. Broadly applicable, non-substrate
specific anti-selective methods remain unprecedented.

 

Our group introduced tripeptidic catalysts of the type H-Pro-Pro-Xaa (Xaa = any amino acid), which
catalyze conjugate addition reactions of carbonyl compounds to nitroolefins in high yields and with
excellent syn-diastereoselectivity and enantioselectivity.[1] Detailed mechanistic and conformational
studies showed that the s-trans enamine intermediate is involved in the rate- and stereoselectivity-
determining step.[2]

 

Drawing on this knowledge, we developed a general anti-selective catalyst.[3] The key to the reversal
of diastereoselectivity is installing substituents at C? of the reactive pyrrolidine. This modification
favors the reaction of the s-cis enamine with the nitroolefin, forming
the anti-configured ?-nitroaldehyde. Different aldehydes and nitroolefins were converted to products
in high yields and anti-selectivities Recently, we highlighted the generality of our method by
expanding the scope to nitroacrylates, which gives access to
synthetically versatile anti-?-nitroaldehydes.[4] Successful immobilization of the peptide catalyst onto
a solid support allowed for recycling and reuse, increasing the efficiency of the process. Lastly, we
applied our new approach in a four-step synthesis of the chiral pyrrolidine fragment of the
Upadacitinib (®Rinvoq), a top-selling drug against several indications, including rheumatoid arthritis.
Our approach is the first organocatalytic and currently the shortest synthesis of this key building
block.

 

 

[1] M. Wiesner, J. D. Revell, H. Wennemers, Angew. Chem. Int. Ed. 2008, 47, 1871–1874. 

[2] a) F. Bächle, J. Duschmalé, C. Ebner, A. Pfaltz, H. Wennemers, Angew. Chem. Int. Ed. 2013, 52, 12619–12623. b) C.
Rigling, J. K. Kisunzu, J. Duschmalé, D. Häussinger, M. Wiesner, M. O. Ebert, H. Wennemers, J. Am. Chem.
Soc. 2018, 140, 10829–10838.

[3] T. Schnitzer, A. Budinská, H. Wennemers, Nat. Catal. 2020, 3, 143–147.

[4] A. Budinská, A. Berg, M. Heinke, H. Wennemers, Unpublished results.
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Organic Dye Photocatalyzed Synthesis of Functionalized Lactones and Lactams via a Cyclization-Alkynylation
Cascade 

D. Cavalli1, J. Waser1* 

1Laboratory of Catalysis and Organic Synthesis, EPFL, Lausanne 

The γ-lactone and -lactam motives are found in many agrochemical and pharmaceutical active compounds. Hence,
numerous lactonization methods, mainly focusing on the formation of C‒O bonds, have been developed. On the other hand,
the synthesis of such heterocycles via C‒C bond formation has been less investigated; among these approaches, radical-
based approaches are particularly attractive due to their mild reaction conditions, high functional group and steric
hinderance tolerance. More precisely, the 5-exo-trig cyclization of an alkoxycarbonyl radical onto an olefin is especially
appealing as the radical precursor can be generated from easily accessible homoallylic alcohols and the radical generated
after cyclization can be trapped by a SOMOphile, thereby allowing multifunctionalization reactions. In this regard,
lactonization reactions were performed under classical radical conditions with only one example of double C‒C bond
formation,[1] while more recently Overman and co-workers developed the synthesis of arylated spirolactones via a
photoredoxcatalyzed cyclization‒Ni-catalalyzed cross-coupling cascade using homoallylic cesium oxalates.[2] However, no
report has described the formation of alkynylated compounds, nor has there been an application of the methodology to
substituted lactams. The alkyne is a versatile functional group, as it can either serve as rigid linker or it can be easily
converted into other functionalities such as carboxylic acids.

In this work,[3] we developed an organic dye photocatalyzed cyclization-alkynylation reaction using easily accessible
homoallylic cesium oxalates and oxamates and Ethynylbenziodoxolone (EBX) reagents as radical trap. The reaction was
carried out using an organic dye as more sustainable alternative to Ir- and Ru-based photocatalysts and provided access to a
large variety of functionalized γ-lactones and -lactams.

 

 

[1] a) M. D. Bachi, E. Bosch, Tetrahedron Letters 1988, 29, 2581–2584. b) M. D. Bachi, E. Bosch, J. Org. Chem. 1992, 57,
4696–4705. c) H. Togo, M. Aoki, T. Kuramochi, M. Yokoyama, J. Chem. Soc., Perkin Trans. 1 1993, 2417–2427. d) J. E.
Forbes, R. N. Saicic, S. Z. Zard, Tetrahedron 1999, 55, 3791–3802.

[2] N. A. Weires, Y. Slutskyy, L. E. Overman, Angew. Chem. Int. Ed. 2019, 58, 8561–8565.

[3] D. Cavalli, J. Waser, Org. Lett. 2024, 26, 4235–4239.
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Length-Dependant Uptake and Inhibition of Cell-Penetrating Poly(disulfide)s 

M. Cognet1, F. Coelho1, N. Sakai1, S. Matile1* 

1Department of Organic Chemistry, University of Geneva, Quai Ernest Ansermet 30, CH-1211 Geneva 4, Switzerland 

Cell Penetrating Poly(disulfide)s (CPDs) can be internalized through its cascade exchange (CAX) with exofacial thiols and
disulfides on transmembrane proteins – Thiol-Mediated Uptake (TMU)[1]. Additionally, the TMU of CPDs can be inhibited
by using well known CAXs, hydrophilic surface-thiol-reactive agents that prevent other molecules to participate in any
further exchange. Since their inception[2], CPDs were able to perform the intracellular delivery of various relevant cargoes[3],
but were never really implemented in the TMU library. This requires a series of tests involving uptake and inhibition
profiling, including self-inhibition. A full assay would ultimately allow us to indicate which transmembrane pathway are
involved in CPDs’ CAX. This work completes the characterisation of CPDs into the library of TMU agents. As polymeric
species, the length and dispersity play a huge role in the CPDs’ properties, for both uptake and inhibition. To study this
effect, CPDs of different molecular weights were prepared, highlighting how increasing the length of CPD transporters not
only increases their uptake performance, but also alters their intracellular localisation. Additionally, non-fluorescent CPDs
are introduced as potent inhibitors for TMU, with IC50 in the nanomolar range, even against the best transporters. Similarly,
increasing the length of CPD inhibitors allows for enhanced inhibition performance against TMU agents. These results
reveal the involvement of Protein Disulfide Isomerase (PDI) and the thiol/disulfide-rich leg of the β-subunit of Integrins in
CPDs’ internalization process. This opens new avenues for the development of next generation poly(disulfide)s drugs for
TMU.

 

 

[1] Q. Laurent, R. Martinent, B. Lim, A.-T. Pham, T. Kato, J. López-Andarias, N. Sakai, S. Matile, JACS Au, 2021, 1,
710-728

[2] E.-K. Bang, G. Gasparini, G. Molinard, A. Roux, N. Sakai, S. Matile, Journal of the American Chemical Society,
2013,135, 2088-2091; G. Gasparini, E.-K. Bang, G. Molinard, D. V. Tulumello, S. Ward, S. O. Kelley, A. Roux, N. Sakai,
S. Matile, Journal of the American Chemical Society, 2014, 136, 6069-6074

[3] J. Guo, T. Wan, B. Li, Q. Pan, H. Xin, Y. Qiu, Y. Ping,  ACS Central Science, 2021, 7, 990-1000 
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Iridium-Catalyzed Hydrogenation of Pyridines 

A. Despois1, N. Cramer1* 

1Laboratory of Asymmetric Catalysis and Synthesis, ISIC, Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015
Lausanne, Switzerland 

The piperidine core is present in many alkaloids and biologically relevant molecules, shows excellent pharmacological
properties and is, as such, the most occurring nitrogen-heterocycle in FDA-approved drugs molecules (1).

Out of the many ways of building complex piperidines: ring construction, ring expansion of pyrrolidines, or modification of
existing piperidines (2), hydrogenation or pyridines is an attractive alternative. It takes advantage of a substantial and cheap
pyridine feedstock and hydrogen gas as a priceless and harmless reducing agent offering excellent atom economy.
Nevertheless, this approach to access piperidines is underdeveloped. Most pyridine reductions so far suffer from harsh
reaction conditions, poor functional group tolerance, limited reaction scope, or the need to pre-functionalize the pyridine to
break its aromaticity.(3)

Herein, we report a homogeneous Ir-catalyst capable of performing the mild hydrogenation of a wide range of mono- and
multi-substituted pyridines. The reaction proceeds with low catalyst loading using an acid co-catalyst to break the
aromaticity of the pyridine. Our method gives access to a wide variety of piperidines in excellent yields and good to
excellent diastereoselectivities. Virtually any substitution pattern can be accessed with an unprecedently broad functional
group tolerance that provides unique substrates, further proving the relevance of this strategy to access the undeniably
valuable piperidine core.

 

 

(1) Vitaku, E.; Smith, D. T.; Njardarson, J. T. Analysis of the Structural Diversity, Substitution Patterns, and Frequency of
Nitrogen Heterocycles among U.S. FDA Approved Pharmaceuticals. J. Med. Chem. 2014, 57 (24), 10257–10274.
(2) Nebe, M. M.; Opatz, T. Synthesis of Piperidines and Dehydropiperidines: Construction of the Six-Membered Ring.
Advances in Heterocyclic Chemistry; 2017; Vol. 122, pp 191–244.
(3) Liu, G. Q.; Opatz, T. Recent Advances in the Synthesis of Piperidines: Functionalization of Preexisting Ring Systems.
Advances in Heterocyclic Chemistry; 2018; Vol. 125, pp 107–234. 
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Paracyclophenylenes as functional units and building blocks for SWCNTs 

J. Ding1, M. Mayor1

1University of Basel 

Carbon nanotubes (CNTs) have emerged as very promising functional materials for semiconductors, photovoltaic cells and
chemosensors. One of the drawbacks of CNTs is their production, which is most commonly done via a top-down approach.
During the last century, much effort has been put into the investigation of the bottom-up synthesis of CNTs and their
subsegments. Cycloparaphenylenes (CPPs) — also referred to as carbon nanohoops — can be thought of as the shortest
possible cross section of an armchair carbon nanotube. Although the first attempts to prepare CPPs go back to 1934. It’s
only in the recent decade that CPPs have moved from theoretical curiosities to synthetically accessible molecules, and with
the ready access to the structure of CPPs, several functionalized CPPs have been achieved. The synthesis of CPP structures
bearing multiple methoxy groups would provide a suitable platform for subsequent functionalization. Herein, we envisioned
a bottom-up approach for synthesis of [16,16]CNTs (Fig. 1), leveraging the uniform methoxy-substituted [16]CPP as a
promising avenue for their fabrication.

 

 

Fig. 1: Displaying our general synthetic strategy towards a [16,16]CNTs.
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Traceless photoremovable self-immolative amino acid linker 

M. Djaïd1, C. Bochet1* 

1Department of Chemistry, University of Fribourg, Chemin du Musée 9, Fribourg, Switzerland 

Self-immolative linkers are covalent assemblies (small molecule, polymer, dendrimer) designed to correlate the cleavage of
two bonds between a protecting group (trigger) and a compound of interest (reporter) in response to a specific stimulus (pH,
temperature, redox, light...) (Scheme 1). They have found plenty of applications especially for drug delivery systems.1

 

 

The goal of this project is to design a traceless photoremovable self-immolative linker for amino acids (Scheme 2). The
designed linker should be capable to bind two peptide fragments and then release them upon activation with a specific
stimulus (although photochemistry will be mainly used this could be, in principle, any reaction able to uncover a phenol). To
be useful in real biological applications, the two fragments need to be liberated from complementary termini (N and C) and
the introduction of the linker in the full peptide needs to be compatible with automated solid-phase peptide synthesis
(SPPS). In order to bind with peptides, the linker 2 should possess an Fmoc or Boc protected amine and an electrophilic site
capable to react with the N terminus of the growing chain. Starting from p-cresol (1), the desired linker 2 bearing a
nitroveratrol photolabile protecting group could be synthetically accessed.

 

 

[1]  G. Gavriel, A.; R. Sambrook, M.; T. Russell, A.; Hayes, W. Polymer Chemistry, 2022, 13 (22), 3188–3269.
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Nitration Processes Using Bench-Stable Nitrating Reagents 

A. J. Fernandes1, V. Valsamidou1, D. Katayev1* 

1Departement für Chemie, Biochemie und Pharmazie, Universität Bern, Freiestrasse 3, 3012 Bern, Schweiz 

Nitroaromatic compounds represent one of the essential classes of molecules that are widely used as feedstock for the
synthesis of intermediates, the preparation of nitro-derived pharmaceuticals, agrochemicals, and materials on both
laboratory and industrial scales.1,2 Therefore, the development of sustainable, chemo- and regiospecific nitration processes
that utilize bench-stable, easily accessible and non-acidic reagents and operate under catalytic manifold and eco-friendly
conditions remain in high demand. We herein disclose the efficient, mild, and catalytic ipso-nitration of
organotrimethylsilanes,3 enabled by an electrophilic N-nitrosaccharin reagent4,5 and allows chemoselective nitration under
mild reaction conditions, while exhibiting remarkable substrate generality and functional group compatibility. Additionally,
the reaction conditions are orthogonal to other common functionalities, allowing the programming of molecular complexity
via successive transformations or late-stage nitration. Detailed mechanistic investigation by experimental and computational
approaches strongly supported a classical electrophilic aromatic substitution (SEAr) mechanism. We also report on the
deployment of N-nitrosaccharin reagents as an advantageous source of nitronium ions, enabling the nitration of alcohols
under unprecedentedly mild conditions.6 This process can be successfully employed for the late-stage synthesis of nitrate
derivatives of biologically relevant and complex molecules.

 

 

 

[1] S. Patra, I. Mosiagin, R. Giri, D. Katayev, Synthesis, 2022, 54, 3432–3472.
[2] K. Nepali, H.-Y. Lee, J.-P. Liou, Journal of Medicinal Chemistry, 2019, 62, 2851–2893.
[3] I. Mosiagin, A. J. Fernandes, A. Budinska, L. Hayriyan, K. E. O. Ylijoki, D. Katayev, Angewandte Chemie
International Edition, 2023, 62, e202310851.
[4] R. Calvo, K. Zhang, A. Passera, D. Katayev, Nature Communications, 2019, 10, 3410.
[5] K. Zhang, A. Budinská, A. Passera, D. Katayev, Organic Letters, 2020, 22, 2714–2719.
[6] A. J. Fernandes, V. Valsamidou, D. Katayev, Submitted article.
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Bambusurils: Kinetically-Controlled Synthesis of Functionalized Anion-Binding Macrocycles 

T. Fiala1, J. Frei1, T. Herentin2, W. Nijskens1, V. Sindelar2,3

1Laboratory of Organic Chemistry, ETH Zürich, Vladimir-Prelog-Weg 3, 8093 Zürich, Switzerland, 2Department of
Chemistry, Faculty of Science, Masaryk University, 625 00 Brno, Czech Republic, 3RECETOX, Faculty of Science,

Masaryk University, 625 00 Brno, Czech Republic 

Bambusurils (BUs) are a family of anion-binding macrocycles composed of glycoluril units linked together with a single
row of methylene bridges.[1] BUs and the related cucurbiturils (CBs) are conventionally synthesized by an acid-catalyzed
Mannich-type reaction between glycoluril and formaldehyde (Figure, left).[2] Substituting formaldehyde with other
aldehydes in BU or CB synthesis to access macrocycles functionalized at the methylene bridge has been largely elusive due
to the decreased stability of the functionalized condensates.[3] Here we devise a kinetically-controlled synthesis that enables
the incorporation of aldehydes other than formaldehyde into the BU structure (Figure, right). Our strategy provides robust
access to functionalized BUs and brings new insights into the properties of glycoluril-based macrocycles. We are exploring
the functionalized BUs as a platform towards high-affinity supramolecular anion sensors operating in aqueous solutions.

 

 

[1] T. Lizal, V. Sindelar, Isr. J. Chem., 2018, 58, 326-333.
[2] J. Svec, M. Necas, V. Sindelar, Angew. Chem., Int. Ed., 2010, 49, 2378-2381.
[3] D. Ma, Z. Gargulakova, P. Y. Zavalij, V. Sindelar, L. Isaacs, J. Org. Chem., 2010, 75, 2934-2941.
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Fe(II)-catalyzed α C–H amidation of N-heterocycles 

A. Geraci1, O. Baudoin1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, CH-4056 Basel, Switzerland 

Nitrogen-heterocycles are privileged structures in both marketed drugs and natural products.[1] The development of new
powerful C–H functionalization protocols is a major research topic in current organic chemistry, furnishing unconventional
and straightforward approaches for the construction of bonds.[2] Yet, most of them are confined to the formation of C–C
bonds, whereas the rapid introduction of heteroatom-based functional groups (e.g. C–H aminations) into N-heterocycles
remains a synthetic challenge.[3] Precedent protocols have taken advantage of photo-induced radical relay[4] or Ni-
catalysis[5], although an unpractical reagent was employed or substrates were used in large excess, respectively. Here we
report an intermolecular C–H amidation reaction of N-heterocycles catalyzed by inexpensive FeCl2, which allows the
functionalization of complex pharmaceutically relevant amines (Scheme 1). 

 

 

The C–H amidation occurs regioselectively at the α position to nitrogen. When electron-rich substrates are engaged in the
reaction, over-oxidized Troc-amidines are obtained. These valuable compounds can be further elaborated into lactams or
deprotected to simple amidines (Scheme 2). 

 
 

[1] Vitaku, E.; Smith, D. T.; Njardarson, J. T. J. Med. Chem. 2014, 57 (24), 10257–10274. 

[2] Rogge, T., Kaplaneris, N., Chatani, N. et al. Nat Rev Methods Primers 2021, 1, 43.

[3]Park, Y.; Kim, Y.; Chang, S. Chem. Rev. 2017, 117 (13), 9247–9301.

[4] W. Lee, D. Kim, S. Seo, S. Chang, Angew. Chem. Int. Ed. 2022, 61, e202202971.

[5] J. Chen, H. Wang, C. S. Day, R. Martin, Angew. Chem. Int. Ed. 2022, 61, e202212983.
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Solvent-Controlled Switchable Divergent Synthesis 

R. Giri1, D. Katayev1* 

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences, Freiestrasse 3, 3012 Bern,
Switzerland 

Switchable divergent reactions can be described as chemical processes where the product outcome can be modified by
adjusting different reaction parameters, effectively controlling the intermediates and pathways involved in the
reaction.1 Despite its tremendous potential, this concept remains relatively under explored. Most applications have been
showcased to obtain two products, whereas achieving divergence into three or more outcomes from the same starting
material presents notable challenges. In this context, we have disclosed the utility of fluorinated building blocks such as
chlorodifluoroacetic anhydride (II)2 and chlorodifluoroacetic acid (IV)3 as bifunctional reagents under photoredox
conditions. Through meticulous selection of the solvent system alongside an olefin molecule, these reagents enable the
synthesis of a broad spectrum of gem-difluorinated compounds, highlighting their versatility and potential within switchable
divergent synthesis.

 

 

[1] Yota Sakakibara, Kei Murakami, ACS Catalysis, 2022, 12, 1857–1878.

[2] Rahul Giri, Ivan Mosiagin, Ivan Franzoni, N. Y. Nötel, Subrata Patra, Dmitry, Katayev Angewandte Chemie
International Edition, 2022, 61, e202209143. 

[3] Rahul Giri, Egor Zhilin, Dmitry Katayev, Chemical Science 2024 (accepted manuscript).
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Eco-friendly anaerobic oxidation of aryl diazoesters with heterocyclic N-oxide under ball milling: Synthesis of
1,2-dicarbonyl systems 

S. Guha1, L. Gremaud1* 

1School of Engineering and Architecture of Fribourg Department of Chemistry 

The 1, 2-dicarbonyl motif are found extensively in natural products[1-2] and contemporary pharmaceuticals,[3-4] they play a
crucial role in modern day drug discovery. Over the past few decades, an increasing number of reports have highlighted
various organic transformations achieved through mechanochemical ball milling. These approaches are characterized by
their eco-friendliness, as they are either solvent-free or involved microliter volumes of solvents, utilizing liquid-assisted
grinding (LAG) auxiliaries represented by η (μL mg−1), typically ranging between 0 and 1.[5-6]

Herein we report anaerobic oxidation of metal carbenoids generated from aryl diazo esters under ball milling, with
heterocyclic N-oxide in presence of catalytic copper(I) to afford 1,2-dicarbonyls in excellent yield. Efficiently progressing
across a diverse spectrum of substrates, the reaction demonstrates exceptional tolerance to a variety of functional groups,
under mild reaction conditions, at low catalyst loading and minimum volume of solvent as a Liquid assisted Grinding
(LAG) thereby demonstrating a practical strategy to generate these molecules.

 

 

[1] J. Staunton, B. Wilkinson, Chemical Reviews, 1997, 97, 2611-2630.
[2] W. Li, Y. Asada, T.Yoshikawa, Planta Medica, 1998, 64, 746–747.
[3] H. H. Otto, T. Schirmeister, Chemical Reviews, 1997, 97, 133–172.
[4] M. Knaack, et al. European Journal of Organic Chemistry, 2001, 2001, 3843–3847.
[5] L. Takacs, Chemical Society Reviews, 2013, 42, 7649–7659.
[6] G. W. Wang, Chemical Society Reviews, 2013, 42, 7668–7700.
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Electric-Field Induced Asymmetric Enamine Catalysis 

S. Guo1, A. Jozeliunaite1, M. Gallardo Villagran1, M. Gutiérrez López1, N. Sakai1, S. Matile1* 

1University of Geneva, Department of Organic Chemistry, Quai Ernest-Ansermet 30, CH-1211 Geneva, Switzerland 

The vision to control the charges migrating during reactions with external electric fields is attractive because of the promise
of general catalysis, emergent properties, and programmable devices. Here, we explore this idea with anion-π and cation-π
catalysis, which is the stabilization of ionic transition states on aromatic surfaces. Catalyst activation by polarization of the
aromatic system is most effective. This polarization is induced by electric fields. The use of electrochemical microfluidic
reactors to polarize multiwalled carbon nanotubes as anion-π and cation-π catalysts emerges as essential. These reactors
provide access to high fields at low enough voltage to prevent electron transfer, afford meaningful effective
catalyst/substrate ratios, and avoid interference from additional electrolytes. Under these conditions, the rates and
enantioselectivities of proline-catalysed enamine reactions, such as aldol reactions and Robinson annulations, are enhanced
under an external electric field. Proline derivatives substituted with electron-rich pyrene and electron-deficient NDI exhibit
different properties. While electromicrofluidics have been conceived for redox chemistry, our results indicate that their use
for supramolecular organocatalysis has the potential to noncovalently electrify organic synthesis in the broadest sense.

 

 

[1] Yingjie Zhao, Yoann Cotelle, Alyssa-Jennifer Avestro, Naomi Sakai, Stefan Matile, J. Am. Chem. Soc. 2015, 137,
11582−11585

[2] Anna-Bea Bornhof, Mikiko Vazquez-Nakagawa, Laura Rodriguez-Perez, Maria Angeles Herranz, Naomi Sakai,
Nazario Martin, Stefan Matile, Javier Lopez-Andarias, Angew. Chem. Int. Ed. 2019, 58, 16097.

[3] Masaaki Akamatsu, Naomi Sakai, Stefan Matile, J. Am. Chem. Soc. 2017, 139, 6558.

[4] M. Ángeles Gutiérrez López, Rojan Ali, Mei-Ling Tan, Naomi Sakai, Thomas Wirth, Stefan Matile, Sci. Adv. 2023, 9,
eadj5502.
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Enantioselective access to planar-chiral macrocyclophanes via Pd-catalyzed C−H arylation 

S. Huh1, E. Linne1, O. Baudoin1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056, Basel, Switzerland 

In recent decades, planar chirality has drawn significant research interest from organic chemists due to its
occurrence in valuable pharmaceutical intermediates, ligands and material science. As one class of planar chiral molecules,
cyclophanes are effective structural scaffolds that contain an aromatic ring with a suitable cross-linked side-chain. Despite
their potential, there are only a handful of methods employing asymmetric C−H bond functionalization to access
enantioenriched cyclophanes[1]. Herein, we report a Pd-catalyzed method utilizing chiral bifuntional ligands[2] and
fluorinated arenes as C−H activation partners. To effectively restrict the configurational flip of the aromatic ring, either the
instalment of larger substituents on the aryl ring or the usage of a shorter side-chain was chosen. A key strategy was to
install sterically bulky substituent in the ligand to enhance enantioselectivity. This method is applicable for preparing planar-
chiral macrocyclophanes in a broad scope containing side-chains with varied length in high yields with excellent
enantioselectivities. 

 

 

[1] a) D. Wang, Y.-B. Shao, Y. Chen, X.-S. Xue, X. Yang, Angewandte Chemie International Edition, 2022, 61,
e202201064; b) Z. Dong, J. Li, T. Yao, C. Zhao, Angewandte Chemie International Edition 2023, 62, e20231560 [2] a) L.
Yang, M. Neuburger, O. Baudoin, Angewandte Chemie International Edition, 2018, 57, 1394-1398; b) D. Savary, O.
Baudoin, Angewandte Chemie International Edition. 2021, 60, 5136-5140; c) S.-M. Guo, S. Huh, M. Coelho, L. Shen, G.
Pieters, O. Baudoin, Nature Chemistry, 2023, 15, 872-880.
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Aromatic Ring-Opening Metathesis 

V. Hutskalova1, C. Sparr1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland 

Aromatic compounds are extensively utilized in organic synthesis due to the wide array of methods available for their
synthesis and further functionalization of the ring. Contrarily, the transformations involving cleavage of inert aromatic
carbon-carbon bonds remained underdeveloped due to the unfavourable energetics of aromaticity disruption.[1] While for
non-aromatic structures, alkene metathesis has become an indispensable tool for versatile carbon-carbon bond-forming and
breaking reactions both in industry and academia, methods to open aromatic compounds remained challenging and
elusive.[2] We herein describe the first examples of aromatic ring-opening metathesis and demonstrate its feasibility and
generality by cleaving a diversity of aromatic rings, including tetraphene, naphthalene, indole, benzofuran and
phenanthrenes. Proceeding through unique alkylidene intermediates, arene metathesis enables access to a broad range of
reaction manifolds and cascades. Furthermore, highly atroposelective transformations (up to > 99 : 1 e.r.) were also
achieved with chiral Schrock-Hoveyda molybdenum alkylidene catalysts.[3,4] 

 

 

 

[1] C. Huck, D. Sarlah, Chem, 2020, 6, 1589–1603.

[2] A. Poater, M. C. D'Alterio, G. Talarico, R. Chauvin, Eur. J. Org. Chem., 2020, 30, 4743–4749. 

[3] A. S. Hock, R. R: Schrock, A. H: Hoveyda, J. Am. Chem. Soc., 2006, 128, 16373–16375.

[4] Preprint: ChemRxiv-2024-d6qkv
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Towards shape-assisted self assemblies in solution 

N. C. Jansen1, M. Rickhaus1* 

1University of Geneva 

In our group, carpyridines have been used to form columnar structures where the only guiding force was shape [1]. These
structures were analysed on surfaces and in solid-state, yet their self-assembly mechanism is currently poorly understood.
This shortage originates from the absence of self-assembly in solution. To achieve self-assembly in solution, it is planned to
incorporate amide bonds into the tails. Yet, the position of the amide group will not be directly attached to the core since it
is expected to influence the stacking process depending on the connectivity of the amide group [2]. Therefore, the amide
groups will be in the middle of the tails which would design would allow the shape to guide the self-assembly process and
not the amide connectivity.

1] Joseph Woods, Michel Rickhaus, Nature Communications, 2023, 14.
2]Elisabeth Weyandt, Bert Meijer, Chemistry-A European Journal,  2021, 27, 9700-9707.
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Mechanistic studies on photochemical reactions: Is the Hammond postulate valid for meta effect induced photo-
solvolysis of benzylic esters? 

G. Jarjoura1, C. G. Bochet1* 

1Department of Chemistry, Université de Fribourg, Chemin du Musée 9, 1700 Fribourg. 

Previous work in our group suggests that Hammond’s postulate is valid on some photochemical reactions. In this work, the
reactions studied are meta effect induced photo-solvolysis of benzylic esters. First described by Zimmerman in 1963,1 the
meta effect is a phenomenon in which a benzylic carbocation is stabilized at the excited state by electron donating
substituents on the meta positions of the aromatic ring. Thus, the bond dissociation must occur on the energy surface of the
excited state. If the Hammond postulate is valid in such reactions, one can hypothesise that an early transition state is more
sensitive to steric effects than a late transition state. This would result in a change in quantum yields when irradiating
hindered and unhindered substrates, the difference being larger for early transition states (Scheme 1). A library of
compounds with increasing steric hindrance and various electronic effects is being synthesized (Scheme 3) and subjected to
light irradiation. These reactions are monitored via HPLC or HNMR, and their quantum yields measured in order to
determine whether their transition states are early or late. 

 

 

The spin state of these photochemical reactions is to be determined as well since a reaction in the singlet state would go
through a conical intersection rather than a transition state (Scheme 2). This will be achieved using triplet quenchers and
triplet sensitizers.

[1] H. E. Zimmerman, V. R. Sandel, JACS, 1963, 85(7), 915-922.
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Bifunctional Group Transfer 

M. Kissling1, R. Giri1, E. Zhilin1, S. Patra1, A. J. Fernandes1, D. Katayev1* 

1University of Bern, Department of Chemistry, Biochemistry and Pharmaceutical Sciences, Freiestrasse 3 , 3012 Bern,
Switzerland 

 

Chemists have extensively explored monofunctional group transfer, Conversely, the examination of dual functional group
transfer are limited, yet it holds significant promise in scientific exploration as a novel concept.[1][2] In this study, we delve
into a Functional Group Transfer Reaction (FGTR) capable of simultaneously transferring two functional groups.[3]

 

 

 

 

 

[1] H-M. Huang, P. Bellotti, J. Ma, T. Dalton, F. Glorius, Nature Reviews Chemistry, 2021, 5, 301–321
[2] J. Zhang, M. Zhang, M. Oestreich, Chem Catalysis, 2024 
[3] R. Giri, E. Zhilin, M. Kissling, S. Patra, A. J. Fernandes, D. Katayev, In preparation, 2024 
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Sodium-mediated Nucleophilic Amination of Pyridines 

J. Kocher1, A. Tortajada1, E. Hevia1* 

1Department für Chemie, Biochemie und Pharmazie, Universität Bern, Freiestrasse 3, 3012 Bern (Schweiz)
jasmin.kocher@unibe.ch 

The availability and high reactivity as well as good solubility in hydrocarbon solvents of organolithium compounds has
enabled their widespread use in organic synthesis.[1] Looking for more sustainable alternatives, their heavier organosodium
congeners have been recently appeared as a powerful alternative.[2] However, the remarkable earth-abundancy and high
reactivity of these organosodium compounds are undermined by their low solubility in hydrocarbon solvents and the greater
challenge in handling in comparison to organolithium compounds. Previous work in our group has shown how
organosodium compounds can be solubilized by using N-donor PMDETA, increasing their reactivity, and opening new
avenues in C–B formation and deuteration reactions.[3-5]

Pioneering advancements in this domain, we report the use of organosodium for the formation of C–N bonds via
nucleophilic amination of pyridines. These reactions enable the formation of synthetically valuable molecules that can be
found in natural alkaloids and potent pharmaceuticals.[6] The reactions can be performed under mild reaction conditions,
contrasting with previous studies by Chiba et al, which require the use of a large excess of NaH in combination with LiI and
high temperatures. Furthermore, the reactions take place with unique C4-regioselectivity.[6,7] Further advancing the
understanding of these reactions, we explore the role of organosodium compounds, including nBuNa or NaCH2SiMe3, as
well as the nature of the amine scaffold and the pyridine ring. Reaction monitoring and the isolation of intermediates and
their characterization via X-ray crystallographic studies have allowed to bring us a step further the use of organosodium
compounds, opening new vistas in the use of these organometallic compounds in synthesis.

 

 

[1] Z. Rappoport and I. Marek ed. (2004), The chemistry of organolithium compounds. Chichester, UK: Wiley & Sons.
[2] D. E. Anderson, A. Tortajada, E. Hevia, Angew. Chem. Int. Ed., 2024, 63, e.202313556.
[3] A. Tortajada, E. Hevia, J. Am. Chem. Soc. 2022, 144, 20237–20242.
[4] L. J. Bole, A. Tortajada, E. Hevia, Angew. Chem. Int. Ed. 2022, 61, e.202204262.
[5] D. E. Anderson, A. Tortajada, E. Hevia, Angew. Chem. Int. Ed. 2024, 63, e.202313556.
[6] A. Kaga, H. Hayashi, H. Hakamata, M. Oi, M. Uchiyama, R. Takita, S. Chiba, Angew. Chem. 2017, 129, 11969–11973.
[7] J. H. Pang, A. Kaga, S. Roediger, M. H. Lin, S. Chiba, Asian J Org Chem 2019, 8, 1058–1060.
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Pd-Catalyzed Dynamic Kinetic Resolution of Pillar[5]arenes 

A. Konter1, C. Mazet1* 

1Department of Organic Chemistry, University of Geneva, 30 quai Ernest Ansermet, 1211 Geneva, Switzerland 

In the past decades, chiral macrocycles have played an important role in the fields of material sciences, catalysis and host-
guest chemistry.1 Among the recently reported macrocyclic compounds, pillar[5]arenes – first described by Ogoshi in 2008
–2 distinguish themselves by the position of the substituents on the repeating p-units and their inherent planar chirality.
Moreover, these macrocycles undergo an unusual enantiomerization process by rotation of the p-units through the para
-methylene bridges. In the case of pillar[5]arenes, up to 8 stereoisomers (i.e. 4 pairs of enantiomers) exist and interconvert
rapidly. However, in the absence of non-covalent interactions, the conformations all-aligned pR and pS are highly favored
because the steric hindrance between each unit is minimized.3 The introduction of bulky substituents on the rim of
pillar[5]arenes has been shown to prevent interconversion and thus grant access to configurationally stable enantiomers.4 To
date, the few reports describing the synthesis of enantiopure pillar[5]arenes rely on either resolution strategies: using HPLC
equipped with chiral columns or the temporary introduction of chiral units for diastereomeric separation.5-6

 

 

Herein, we describe the development of a Pd-catalyzed dynamic kinetic resolution (DKR) based on a Suzuki cross-coupling,
which provides access to configurationally stable pillar[5]arenes in high yield and high levels of enantioselectivity. A
sequential arylation that affords rim-differentiated pillar[5]arenes is also discussed. 

[1] Ogoshi, T.; Yamagishi, T.; Nakamoto, Y. Chemical Reviews 2016, 116, 7937–8002.
[2] Ogoshi, T.; Kanai, S.; Fujinami, S.; Yamagishi, T.; Nakamoto, Y. Journal of the American Chemical Society 2008, 130,
5022–5023.
[3] Kato, K.; Fa, S.; Ogoshi, T. Angewandte Chemie International Edition 2023, e202308316.
[4] Ogoshi, T; Masaki, K.; Ryohei Shiga; Kitajima, K.; Yamagishi, T. Organic Letters 2011, 13, 1264–1266.
[5] Strutt, N. L.; Fairen-Jimenez, D.; Iehl, J.; Lalonde, M. B.; Snurr, R. Q.; Farha, O. K.; Hupp, J. T.; Stoddart, J. F. Journal
of the American Chemical Society 2012, 134, 17436−17439.
[6] Strutt, N. L.; Zhang, H.; Stoddart, J. F. Chemical Communications 2014, 50, 7455−7458.
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Sustainable Beckmann Rearrangement using Bead-Milling Technology: The Route to Paracetamol 

R. Mariaux1,2, R. Geib1, E. Colacino3, L. Gremaud1* 

1School of Engineering and Architecture of Fribourg, 2University of Fribourg, 3University of Montpellier, ICGM 

The need for a more sustainable and greener chemistry is becoming more and more important, and implementing
mechanochemistry on an industrial scale could help to decrease the ecological impact by considerably reducing the amount
of solvents used. To date there is little data highlighting the benefits of these mechanical technologies with regards to
process scale-up. Bead-mill technology (Dyno®-Mill) was used for the first time for the sustainable mechanochemical
synthesis of Acetaminophen (known as Paracetamol) using Beckmann rearrangement. The optimized solvent-free method
was able to deliver around ten grams on a laboratory scale, and gave better yields compared with solvent-based (89 vs. 74
%). Implementing such a technology would considerably reduce costs and greatly improve green metrics by eliminating the
use of solvents, but would also reduce waste generation.

 

 

Geib, R.; Colacino, E.; Gremaud, L. Sustainable Beckmann Rearrangement Using Bead-Milling Technology: The Route to
Paracetamol. ChemSusChem, 2024, e202301921. https://doi.org/10.1002/cssc.202301921. 
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Chemical Surface Modifications 

J. R. Mirón García1, M. Mayor1

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056, Basel, Switzerland 

Due to the growing significance of modified electrodes in various nanotechnology applications, such as molecular
electronics, bioelectronics, and sensors, there exists a pressing need to develop methodologies for the chemical attachment
of appropriate molecular films onto electrode surfaces. Furthermore, it is imperative to investigate the ensuing behavior of
these films. The process of electroreduction of aryl diazonium salts offers a versatile approach for the introduction of a
diverse array of functional groups onto electrode surfaces (Figure 1), resulting in high surface coverage by the functional
subunit. Remarkably, this electroreduction technique has demonstrated successful application across an extensive range of
conducting and semiconducting substrates, underscoring its adaptability to diverse substrate types. Upon successful
attachment of the designed molecule onto the electrode surface, our primary objective will involve the comprehensive
characterization of the resultant film, coupled with an in-depth study of its inherent properties. The chosen surface for this
endeavor is glassy carbon. Furthermore, we intend to execute a controlled deprotection of the ester group, followed by a
subsequent decarboxylation of the acid, culminating in the liberation of the triple bond.

 

 

[1] Müri, M.; Bernd Gotsmann; Leroux, Y. R.; Marius Trouwborst; Lörtscher, E.; Riel, H.; Mayor, M. Advanced Functional
Materials 2011, 21 (19), 3706–3714. [2] Hellstern, M.; Gantenbein, M.; Loïc Le Pleux; G. Puebla-Hellmann; Lörtscher, E.;
Mayor, M. Advanced Materials Interfaces 2019, 6 (5), 1801917–1801917.
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Mechanochemistry Drives Alkene Difunctionalization via Radical Ligand Transfer and Electron Catalysis 

S. Patra1, D. Katayev1* 

1Department of Chemistry, Biochemistry, and Pharmaceutical Sciences, University of Bern 

The nitro group (NO2) plays a pivotal role in organic synthesis and finds extensive application across industry and
academia. Despite significant advancements made in the field of nitration chemistry over past decades, nitration reactions of
organic frameworks remain challenging from both experimental and practical standpoints.[1] Conventional methods for the
direct functionalization of organic molecules involve the formation of the nitronium (NO2

+) ion species in a highly corrosive
acid mixture. However, this approach imposes various limitations, particularly for compounds containing acid-sensitive
functional groups. Hence, there is a growing demand for protocols that ensure safety, as well as high level of chemo- and
regioselectivity in nitration reactions, while operating under mild conditions.

 

 

Herein, we report a general and modular protocol for olefin difunctionalization through mechanochemistry, facilitated by
cooperative radical ligand transfer (RLT) and electron catalysis.[2,3] Utilizing mechanochemical force and catalytic amounts
of TEMPO, ferric nitrate can leverage nitryl radicals, transfer nitrooxy-functional group via RLT, and mediate an electron
catalysis cycle under room temperature. A diverse range of activated and unactivated alkenes exhibited chemo- and
regioselective 1,2-nitronitrooxylation under solvent-free or solvent-less conditions, showcasing excellent functional group
tolerance. It also demonstrated remarkable substrate compatibility, selectivity, and scalability. Mechanistic studies indicated
a significant impact of mechanochemistry and highlighted the radical nature of this nitrative difunctionalization process.
Additionally, the versatility of this catalytic concept is further highlighted by its ability to selectively introduce various other
functional groups.

[1] S. Patra, I. Mosiagin, R. Giri, D. Katayev, Synthesis, 2022, 54, 3432-3472.

[2] S. Patra, I. Mosiagin, R. Giri, T. Nauser, D. Katayev, Angew. Chem. Int. Ed. 2023, 62, e202300533.

[3] S. Patra, B. N. Nandasana, V. Valsamidou, D. Katayev, Adv. Sci. 2024. DOI: 10.1002/advs.202402970
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Ficini Reaction with Acrylates for the Stereoselective Synthesis of Aminocyclobutanes 

E. G. Robert1, J. Waser1* 

1École Polytechnique Fédérale de Lausanne (EPFL), Laboratory of Catalysis and Organic Synthesis EPFL SB ISIC LCSO,
BCH 4306, 1015 Lausanne, CH, Switzerland 

Functionalized cyclobutenes stand out as a versatile platform in synthetic chemistry and can in particular be hydrogenated to
form cyclobutanes. However, the range of possible functionalities on the cyclobutene ring remains limited, especially
concerning amino and ester groups which are challenging to incorporate. Nevertheless, the presence of these groups is
essential and would grant access to cyclobutane amino acids, which are important building blocks in drug discovery.

We report the first Ficini reaction between ynamides and acrylate derivatives to synthetize ester substituted
aminocyclobutenes.[1] Previously, only more reactive α,β-unsaturated carbonyls such as enones or functionalized enones
could be used in the Ficini reaction.[2] We found that acrylate derivatives could be activated under user-friendly Lewis acid
catalytic conditions, allowing us to obtain stable tri-substituted cyclobutenes in one step. Subsequently, employing a
hydrogenation/epimerization sequence on the obtained strained rings enables the selective synthesis of aminocyclobutanes
with two distinct stereochemical patterns. Thus, our approach represents a new strategy to access β-cyclobutane amino acid
derivatives with a complementary substitution pattern and stereochemistry compared to the previously existing methods,
thereby expanding the chemical space for medicinal chemistry.

 

 

[1]  Emma G. L. Robert, Jerome Waser, Manuscript Submitted, 2024.
[2] a) Hongyan Li, Rchard P. Hsung, Kyle A. DeKorver, Yonggang Wei, Org. Lett. 2010, 12, 3780–3783. b) Christoph
Schotes, Antonio Mezzetti, Angew. Chem. Int. Ed. 2011, 50, 3072–3074. c) Kazuaki Enomoto, Harufumi Oyama, Masahisa
Nakada, Chem. Eur. J. 2015, 21, 2798–2802.
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Further Investigations on Excited State Potential Energy Surfaces: Can the Hammond Postulate be Applied to
Photochemical Reactions? 

N. F. Rosa De Sousa1, C. G. Bochet1* 

1Department of Chemistry, University of Fribourg, 1700 Fribourg, Switzerland 

The goal of this project is to investigate the location of the conical intersection between the S0 and S1 Potential Energy
Surfaces (PES) using a Norrish-Yang type II reaction. A conical intersection (CI) of two or more potential energy surfaces is
the set of molecular configurations points where the PES are degenerate. Studies on CIs have become an essential topic for
the understanding of reaction mechanisms in photochemistry, paralleling the importance of transition states in thermal
chemistry. For this purpose, a series of methylketones were synthesized. As depicted on Scheme 1, we hypothesized that
CIs are normally close to the products formation in a photochemical reaction and we propose to use the ratio of fragmented
vs cyclized NYII products to locate it.

 

 

Upon light excitation the excited carbonyl moiety of our methylketones abstracted one of the two diastereotopic benzylic
hydrogen atoms forming a [1,4]-biradical.1,2 By altering the substituents on the para position of the aromating ring, the
stability of the benzylic radicals will be altered and this may influence the fragmented vs cyclized ratio.3

[1]  F. Matsuda, M. Kawatsura, K. Hosaka, H. Shirahama. Chem. Eur. J. 1999, 5 (11), 3252–3259.

[2]  A. S. K. Hashmi, Chem. Rev. 2007, 107 (7), 3180–3211.

[3]  N.F. Rosa De Sousa, C. G. Bochet, SCS Summer School Abstract, 2023, Poster.
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Investigating the Formation of Iodonitrene from Hypervalent Iodine Oxidants and Ammonia 

F. Ruepp1, B. Morandi1* 

1Laboratorium für Organische Chemie, ETH Zürich, 8093 Zürich, Switzerland 

In recent years, a multitude of conditions have been developed by our group and others, utilizing hypervalent iodine
reagents and ammonia sources to effect oxidative aminative transformations like nitrogen insertion [1] and deletion [2],
sulfide oxidation [3,4] or synthesis of diazirines [5] and hydrazinium salts [6]. Common to these is the proposed
intermediacy of a highly reactive iodonitrene species, which is suggested to form through in-situ oxidation of nitrogen by
the hypervalent iodine reagent. This hypothesis is based mainly on the observation of a signal corresponding to the
iodonitrene mass in high-resolution mass spectrometry (HRMS) [4], however the intermediate has eluded detection and
characterization by other means so far. Therefore, additional investigation into the formation, structure and reactivity of this
intermediate is warranted, as this will lead to fundamental insight which may help in the development of new synthetic
methods.

In this work, we investigate the speciation and reactivity of the commonly employed combination Phenyl-λ3-iodanediyl
bis(trifluoroacetate) (PIFA) and ammonium carbamate using nuclear magnetic resonance (NMR), electrospray ionization
mass spectrometry (ESI-MS) and density functional theory (DFT) calculations. We show that in the presence of an ammonia
source, the hypervalent iodine reagent undergoes a sequence of ligand substitution and oxidation events that lead to the
formation of an iodonitrene. This short-lived intermediate was successfully isolated in the gas-phase after ESI and
characterized by infrared-multiphoton dissociation (IRMPD) spectroscopy, confirming its structure by the presence of a
characteristic I-N stretching mode at 794cm-1. A flow reactor setup coupled to ESI-MS detection was used to gain insight
into the kinetics of formation and depletion of this intermediate.

[1] a) Julia C. Reisenbauer, Ori Green, Allegra Franchino, Patrick Finkelstein, Bill Morandi. Science, 2022, 377, 6610,
1104-1109. b) Patrick Finkelstein, Julia C. Reisenbauer, Bence B. Botlik, Ori Green, Andri Florin, Bill Morandi. Chemical
Science, 2023, 14, 2954-2959. c) Julia C. Reisenbauer, Ann-Sophie K. Paschke, Jelena Krizic, Bence B. Botlik, Patrick
Finkelstein, Bill Morandi. Organic Letters, 2023, 25, 47, 8419-8423. d) Bence B. Botlik, Micha Weber, Florian Ruepp,
Kazuki Kawanaka, Patrick Finkelstein, Bill Morandi. ChemRxiv (Preprint), 2024, doi:10.26434/chemrxiv-0204-xrtr3.
e) Yannick Brägger, Ann-Sophie Paschke, Nima Narisi, Bence Botlik, Francesco Felician, Bill Morandi. ChemRxiv
(Preprint), 2024, doi:10.26434/chemrxiv-2024-6r5wn.
[2] Chunngai Hui, Lukas Brieger, Carsten Strohmann, Andrey P. Antonchick. Journal of the American Chemical Society,
2021, 143, 45, 18864-18870.
[3] Slim Chaabouni, Jean-Francois Lohier, Anne-Laure Barthelemy, Thomas Glachet, Elsa Anselmi, Guillaume Dagousset,
Patrick Diter, Bruce Pégot, Emmanuel Magnier, Vincent Reboul. Chemistry - A European Journal, 2018, 24, 64,
17006-17010.
[4] Marina Zenzola, Robert Doran, Leonardo Degennaro, Renzo Luisi, James A. Bull. Angewandte Chemie International
Edition, 2016, 55, 25, 7203-7207.
[5] Thomas Glachet, Hamid Marzag, Nathalie S. Rosa, Johannes F. P. Colell, Guannan Zhang, Warren S. Warren, Xavier
Franck, Thomas Theis, Vincent Reboul. Journal of the American Chemical Society, 2019, 141, 34, 13689-13696.
[6] Arianna Tota, Marco Colella, Claudia Carlucci, Andrea Aramini, Guy Clarkson, Leonardo Degennaro, James A. Bull,
Renzo Luisi. Advanced Synthesis & Catalysis, 2021, 363, 1, 194-199.
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Chemoselective Approaches for the Discovery of Natural Products 

S. Sieber1

1Department of Chemistry, University of Zurich, 8057 Zurich, 

The discovery of novel bioactive natural products (NPs) has been crucial for developing the human health system.[1]

However, the field suffers from the high cost of the isolation and extraction process and the rediscovery of known
compounds.[2] To overcome those issues, several technologies have emerged, such as using well-designed derivatization
agents to target a specific class of NPs.[3] Those strategies can be combined with an enrichment system composed of a
chemoselective probe to catch, enrich, and release a particular class of NPs. Herein, we present a novel strategy for the
enrichment of amine-containing NPs[4] and a methodology to profile isonitrile NPs in a complex mixture.[5]

Catch, enrich, and release underivatized amine-containing natural products

 

 

Profiling of isonitrile-containing natural products

 

 

1. A. G. Atanasov, B. Waltenberger, E.-M. Pferschy-Wenzig, T. Linder, C. Wawrosch, P. Uhrin, V. Temml, L. Wang, S.
Schwaiger, E. H. Heiss, J. M. Rollinger, D. Schuster, J. M. Breuss, V. Bochkov, M. D. Mihovilovic, B. Kopp, R. Bauer, V.
M. Dirsch, H. Stuppner, Biotechnol. Adv. 2015, 33, 1582–1614.
2.   S. Bernardini, A. Tiezzi, V. Laghezza Masci, E. Ovidi, Nat. Prod. Res. 2017, 32, 1926–1950.
3. C. L. Cox, J. I. Tietz, K. Sokolowski, J. O. Melby, J. R. Doroghazi, D. A. Mitchell, ACS Chem. Biol. 2014, 9,
2014–2022.
4.   M. J. Müller, A. Dorst, C. Paulus, I. Khan, S. Sieber, Chem. Commun. 2022, 58, 12560–12563.
5. R. J. B. Schäfer, K. Wilson, M. Biedermann, B. S. Moore, S. Sieber, H. Wennemers, Chem. - Eur. J. 2023, 29,
e202203277
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Photocatalytic Generation of Cyclopropenium Cations 

V. Smyrnov1, J. Waser1* 

1Laboratory of Catalysis and Organic Synthesis (LCSO), Institute of Chemical Sciences and Engineering (ISIC), EPFL 

We report photocatalytic decarboxylative functionalization of cyclopropenes. Cyclopropenylphthalimides are obtained
starting from a broad range of redox-active ester-substituted cyclopropenes in the absence of a nucleophile. Moreover,
different carbon and heteroatom nucleophiles can be introduced when the acidic additive is present in the mixture. The
mechanistic studies provide support for the radical-polar crossover mechanism proceeding through the formation of an
aromatic cyclopropenium cation, followed by trapping with the nucleophiles.
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Enamine Synthesis via Regiocontrolled 6-endo-dig and 5-exo-dig Tethered Carboamination of Propargylic Alcohols 

H. Solé-Àvila1, M. Puriņš1, L. Eichenberger1, J. Waser1* 

1Laboratory of Catalysis and Organic Synthesis (LCSO) and National Centre of Competence in Research (NCCR) Catalysis,
Institute of Chemical Sciences and Engineering (ISIC), École Polytechnique Fédérale de Lausanne (EPFL) 

Unsaturated compounds, including alkynes, are highly versatile functional groups for accessing highly substituted alkenes
through difunctionalization reactions. The introduction of nitrogen substituents, particularly to prepare enamines, is of
significant interest due to their utility in synthesizing biologically active compounds. However, regio- and stereoselective
strategies for highly substituted enamine synthesis are limited.

We present a method for regiocontrolled 6-endo-dig and 5-exo-dig tethered carboamination of propargylic alcohols for the
synthesis of trisubstituted enamines. This approach integrates molecular tethers to direct the Pd-catalyzed
difunctionalization reaction, achieving selective cyclization by fine-tuning the amine protecting group. The
trifluoromethylated tethers not only facilitate the regioselective formation of enamines but also enable further stereoselective
transformations such as hydrogenation and fluorination. The resulting trisubstituted enamines can be further transformed
into 2,1-amino alcohols and 3,1-amino alcohols, important structures present in therapeutics and natural products.

 

 

[1] Manuscript in preparation.

[2] A. Das, J. Waser, Tetrahedron 2022, 128, 133135.

[3] L. Buzzetti, M. Puriņš, P. D. G. Greenwood, J. Waser, J. Am. Chem. Soc. 2020, 142, 17334.

[4] M. Puriņš, J. Waser, Angew. Chem. Int. Ed. 2022, 61, e202113925.
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Sodium catalysed borylation of arenes with Iminoboranes 

C. Tan1, A. Tortajada1, E. Hevia1* 

1Department of Chemistry, Biochemistry, and Pharmacy, University of Bern, Freiestrasse 3, 3012 Bern (CH);
kanglekclarence.tan@unibe.ch 

Organoboron compounds have found widespread use in the synthesis of pharmaceuticals and materials, owing to
the high functional group tolerance and mild conditions of the Suzuki-Miyaura Coupling reaction. Catalytic C-H borylation
stands out as an atom-efficient strategy to prepare these compounds. However, state-of-the-art protocols require transition
metals that are expensive, toxic or require sophisticated ligand architecture,[1,2] while transition-metal free methods generally
proceed via electrophilic C-H activation.[3,4] Alternatively, deprotonative borylation can give access to the desired borylated
compounds, but it requires stoichiometric amounts of organometallic reagents.[5-7]

Charting new territory in the field, we have now demonstrated the borylation of arenes and heteroarenes using
catalytic amounts of the sodium amide NaTMP (TMP = 2,2,6,6-tetramethylpiperidide) and Lewis donor PMDETA in
combination with the low-coordinate iminoborane which acts as a trapping agent. As a proof of concept, catalytic
deprotonative borylation shows improved functional group tolerance, milder reaction conditions and allows for the stepwise
installation of C–B bonds on polyfluorinated arenes. Characterisation of a range of catalytic intermediates using NMR
spectroscopic and X-Ray crystallographic studies has advanced the mechanistic understanding of this new catalytic system,
showing the key use of bulky iminoboranes to stabilise the fragile metalated arenes, but also generating a highly basic
intermediate (I) (see Scheme) that can further turn the catalytic cycle by metalating the substrate.

 

 

Scheme 1: Borylation of Arenes catalysed by Sodium Amides

[1] T. Ishiyama, J. Takagi, J. F. Hartwig, N. Miyaura, Angew. Chemie. Int. Ed. 2002, 41, 3056–3058.
[2] J. B. Roque, A. M. Shimozono, T. P. Pabst, G. Hierlmeier, P. O. Peterson, P. J. Chirik, Science. 2023, 382, 1165–1170.
[3] A. Del Grosso, P. J. Singleton, C. A. Muryn, M. J. Ingleson, Angew. Chemie. Int. Ed. 2011, 50, 2102–2106.
[4] M.-A. Légaré, M.-A. Courtemanche, É. Rochette, F.-G. Fontaine, Science. 2015, 349, 513–516.
[5] M. A. Oberli, S. L. Buchwald, Org. Lett. 2012, 14, 4606–4609.
[6] L. J. Bole, A. Tortajada, E. Hevia, Angew. Chemie. Int. Ed. 2022, 61, e202204262.
[7] A. Tortajada, L. J. Bole, M. Mu, M. Stanford, M. N. Peñas-Defrutos, M. García-Melchor, E. Hevia, Chem. Sci. 2023, 14,
6538–6545.
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Tailoring sodium organometallic reagents for catalytic deuteration and isomerization reactions 

A. Tortajada1, E. Hevia1* 

1Departement für Chemie, Biochemie und Pharmazie, Universität Bern.Freiestrasse 3, 3012 Bern (CH);
andreu.tortajadanavarro@unibe.ch 

Organosodium compounds have attracted the attention of the scientific community in recent years as an alternative to
widely used organolithium reagents.[1] Lithium alkyls and amides reside at the front of organometallic synthesis as key
players in countless transformations, owing to their availability, substantial stability and solubility in hydrocarbon
solvents.[2] However, these desirable traits are often pitfalls of heavier alkali-metal organometallics, meaning that their
applications have remained underexplored.

Filling this gap in the knowledge, the preparation of organosodium compounds soluble in hydrocarbon solvents and the
isolation and characterization of reactive sodium organometallic intermediates in the solid state and in solution by X-Ray
crystallography and 1H DOSY (Diffusion Ordered SpectroscopY) have allowed the development of new protocols for the
functionalization of organic molecules. Our efforts have been focused on selective deprotonative metalation reactions of
synthetically attractive arenes, providing access to the selective functionalization of these scaffolds, including the
borylation[3] and the catalytic deuteration of aromatic substrates.[4] Expanding the applications of sodium amides in
synthesis, we have uncovered their use for the catalytic isomerization of terminal alkenes into more synthetically useful
internal olefins. Moving away from transition metals, we have studied the mechanism of this reaction with stoichiometric
experiments and DFT calculations, revealing the formation of the organometallic sodium intermediates via deprotonation
and showing the key role of the in-situ generated amine for an effective transformation.

 

 

Scheme 1. Deuteration and Alkene Isomerization Catalyzed by Sodium Amides.

 

[1] D.E. Anderson, A. Tortajada, E. Hevia, Angew. Chem. Int. Ed. 2024, 63, e202313556.

[2]  (a) T. Rathman, J. A. Schwindeman, Org. Process Res. Dev. 2014, 18, 1192–1210. (b) Lithium Compounds in
Organic Synthesis – From Fundamentals to. Applications,(Eds.: R. Luisi and V. Capriati), Wiley-VCH, Weinheim 2014

[3]  L. J. Bole, A. Tortajada,E. Hevia, Angew. Chem. Int. Ed. 2022, 61, e202204262.

[4]  A. Tortajada, E. Hevia J. Am. Chem. Soc. 2022, 144, 20237–20242.
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Photoswitching neutral homoaromatic hydrocarbons 

T. Tran Ngoc1,2, N. Grabicki3, E. Irran4, O. Dumele3, J. F. Teichert2* 

1University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 2Technische Universität Chemnitz, Straße der Nationen
62, 09111 Chemnitz, Germany, 3Humboldt Universität zu Berlin, IRIS Adlershof, Brook-Taylor-Straße 2, 12489 Berlin,

Germany, 4 Technische Universität Berlin, Straße des 17. Juni 135, 10623 Berlin, Germany 

Homoaromatic structures possess characteristics of aromatic stabilization even though the cyclic conjugated π-system is
interrupted. The concept of homoaromaticity is based on the interaction between the interrupted π-system via through-bond
or through-space homoconjugation. This has been highly controversial in the past due to the difficulty of establishing clear
criteria for the classification of molecules as homoaromatic. Homoconjugation and homoaromatics have mainly been
observed and studied in charged molecules, whereas examples of neutral homoaromatics are extremely rare.[1] 

We have reported the synthesis and characterization of a new class of neutral and stable homoaromatic compounds, the so-
called homoannulenes,[2,3] in which through-space homoconjugation was experimentally supported by the observation of a
ring current effect by NMR spectroscopy and bond length equalization by X-ray crystallographic analysis. Additionally,
computational analysis of the Anisotropy of Current (Induced) Density (ACID) and Nuclear Independent Chemical Shift
(NICS) supports the homoaromatic character of homoannulenes 1.[2,3] This was realized by the precise tailoring of strain
imposed by the exoskeleton utilizing the concept of geometry control.[3]

Furthermore, we show that local 6π-homoaromatic compound 1 is photoswitchable to a 10π-homoaromatic 2 by a reversible
photochemical [1,11] sigmatropic rearrangement, providing a novel structural scaffold for molecular switches.[2,4]

 

 

[1] R. V. Williams, Chem. Rev. 2001, 101, 1185–1204.
[2] T. Tran Ngoc, N. Grabicki, E. Irran, O. Dumele, J. F. Teichert, Nat. Chem. 2023, 15, 377–385.
[3] T. Tran Ngoc, J. van der Welle, T. Rüffer, J. F. Teichert, Synthesis 2023, 55, 2658–2669.
[4] P. K. Saha, T. Tran Ngoc, P. R. McGonigal, J. F. Teichert, Nat. Synth. 2024.
[5] B. L. Feringa, W. R. Browne, Molecular switches, Wiley-VCH, Weinheim, Germany, 2011.
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1,4-Pd Shift-Enabled Synthesis of Fused 4-Membered Rings 

M. Tsitopoulou1, A. Clemenceau1, P. Thesmar1, O. Baudoin1* 

1Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056, Basel, Switzerland 

1,4-Palladium shift has been established as an elegant approach towards the functionalization of remote C–H bonds.1,2

However, its application has been restricted to aryl halide precursors.3 In this work, we are expanding the application of
1,4-Pd shift to alkenyl (pseudo)halides and we report an unprecedented Pd0-catalysed cyclobutanation protocol towards
fused cyclobutanes. This reaction takes place via alkenyl-to-alkyl 1,4-Pd shift, followed by intramolecular Heck coupling.
The method performs best with cyclohexenyl precursors giving access to a variety of substituted bicyclo[4,2,0]octenes, and
also shows a potential for accessing smaller ring systems starting from cyclopentenyl halides. Precursors containing an N
-methyl or methoxy group lead to fused azetidines or oxetanes, respectively, via the same mechanism. Determination of
orders for the reaction using variable time normalization analysis (VTNA)4 and deuterium-labelling studies (kH/kD 3.1) point
towards a rate-limiting C(sp3)–H activation step.

 

 

[1] Richard F. Heck, J. Organomet. Chem. 1972, 37, 389-398.

[2] Feng Shi, Richard C. Larock, Top. Curr. Chem. 2010, 292, 123-164.

[3] (a) Ronan Rocaboy, Ioannis Anastasiou, Olivier Baudoin, Angew. Chem. Int. Ed. 2019, 58, 14625-14628. (b) Antonin
Clemenceau, Pierre Thesmar, Maxime Gicquel, Alexandre Le Flohic, Olivier Baudoin, J. Am. Chem. Soc. 2020, 142,
15355-15361. (c) Takeru Miyakoshi, Nagja E. Niggli, Olivier Baudoin, Angew. Chem. Int. Ed. 2022, 61, e2021161.

[4] (a) Jordi Burés, Angew. Chem. Int. Ed. 2016, 55, 16084-16087. (b) Christian D.-T. Nielsen, Jordi Burés, Chem. Sci.
2019, 10, 348-353.
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Mechanochemical Nitration of Arenes and Alcohols Using Bench-Stable Organic Nitrating Reagent 

V. Valsamidou1, D. Katayev1* 

1Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern 

Driven by the search for greener and more sustainable synthetic methodologies, mechanochemistry has received increasing
interest in the past years, also being acknowledged as one of the top ten emerging sustainable chemistry technologies by
IUPAC in 2019.[1]

Given our group's long-standing interest in the field of nitration chemistry, we recently implemented ball milling (a form of
impact-generating mechanochemistry) into our synthetic approaches toward the nitration of various molecular structures. In
2019, we introduced an easily accessible and recyclable organic nitrating reagent for electrophilic nitration, which tolerates
various functional groups and allows for the circumvention of harsh reaction conditions involving mineral acids.[2] Our
initial experimental results showed the successful nitration of various aromatic molecules, the ipso-nitration of
prefunctionalized compounds, and the nitration of alcohols while using no or minimal amounts of solvent (≤ 2 μL/mg of
reagent), thus minimizing environmental and health hazards. Further comprehensive results and mechanistic insights of into
this intriguing process will be provided.[3]

 

 

[1] F. Gomollón-Bel, Chem., Int. 2019, 41, 12.

[2] R. Calvo, K. Zhang, A. Passera, D. Katayev, Nat. Commun. 2019, 10, 3410.

[3] V. Valsamidou, S. Patra, M. G. Metzger, D. Katayev, 2024, in preparation.
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Under Control: π-Radical Cascades of Triangulene 

P. Widmer1, L. Valenta2, M. Mayländer3, S. Richert3, T. Šolomek4*, M. Juríček1* 

1Department of Chemistry, University of Zurich, Switzerland , 2Department of Chemistry, Stanford University, United
States, 3Institute of Physical Chemistry, University of Freiburg, Germany, 4Van't Hoff Institute for Molecular Sciences,

University of Amsterdam, The Netherlands 

The synthesis of persistent triangulene, the most iconic member of the open-shell nanographene family, represented a
challenge for over half a century,[1,2] due to the high reactivity of this diradical and therefore high likeliness to polymerize.
Radical reactions are among the fastest and most efficient, but it is difficult to control and direct their selectivity. To
demonstrate that such control is possible in π-radicals, we investigated the dimerization of triangulene, which can lead up to
three different products, fused over one or two benzenoid rings. 

In the recent work of Wu and co-workers, the intramolecular dimerization was successfully demonstrated.[3] Herein, we
found that by strategic placement of substituents, we can block certain positions from reacting, and thus control the
selectivity and the reaction outcome intermolecularly. This new synthetic approach opens up opportunities to access new
tailor-made materials and shifts the paradigm that π-radical reactivity is undesired.

 

 

[1] L. Valenta, M. Mayländer, P. Kappeler, O. Blacque, T. Šolomek, S. Richert and M. Juríček, Chem. Commun. 2022, 58,
3019–3022.

[2]   S. Arikawa, A. Shimizu, D. Shiomi, K. Sato, R. Shintani, J. Am. Chem. Soc. 2021, 143, 19599–19605.

[3] T. Shen, D. Dijkstra, A. Farrando-Pérez, P. G. Boj, J. M. Villalvilla, J. A. Quintana, Y. Zou, X. Hou, H. Wei, Z. Li, Z. Sun,
M. A. Díaz-García, J. Wu, Angew. Chem. Int. Ed. 2023, 62, 202304197.
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Towards the polymerization of Centrohexaindane 

L. S. Wild1, K. Zhang1, R. Jamagne1, M. Rickhaus1* 

1Science 2, Quai Ernest-Ansermet 30, 1205 Genève 

Following the discovery of graphene in 2004, interest in two-dimensional molecular sheets increased enormously because of
their unique physicochemical properties giving very special surfaces for interactions compared to their three-dimensional
analogues.1 In most cases, 2D surfaces are produced via a complicated top-down approach, whereby layer after layer of the
3D material is removed.2 A bottom-up approach, in which individual building blocks are covalently bonded to each other,
could simplify the generation of 2D covalent organic frameworks (COVs).3 Centrohexaindane is a polycyclic building block
whose central carbon atom is surrounded by six cyclopentane rings which are attached to six phenylene groups, giving
(Cq(Cq)4) tetrahedral coordination.4 Functionalisation of centrohexaindane in the lower molecular part creates monomeric
building blocks that could be covalently bound together forming a two-dimensional surface in a bottom-up approach. With
its bowl-shaped surface, centrohexaindane could act as a receptor for curved molecules like fullerene or corranulene and, as
a two-dimensional polymer, could be an interesting area for future research.

 

 

[1] Luo, B.; Liu, G.; Wang, L. Recent Advances in 2D Materials for Photocatalysis. Nanoscale 2016, 8 (13), 6904–6920.

[2] Alam, S.; Asaduzzaman Chowdhury, M.; Shahid, A.; Alam, R.; Rahim, A. Synthesis of Emerging Two-Dimensional
(2D) Materials – Advances, Challenges and Prospects. FlatChem 2021, 30, 100305.

[3] Côté, A. P.; Benin, A. I.; Ockwig, N. W.; O’Keeffe, M.; Matzger, A. J.; Yaghi, O. M. Porous, Crystalline, Covalent
Organic Frameworks. Science 2005, 310 (5751), 1166–1170.

[4] Kuck, D.; Schuster, A.; Paisdor, B.; Gestmann, D. Benzoannelated Centropolyquinanes. Part 21 .ICentrohexaindane:
Three Complementary Syntheses of the Highest Member of the Centropolyindane Family. J. Chem. Soc. Perkin Trans.
1, 1995, 721-732.
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Site-Selective Deuteration of (hetero)arenes Catalyzed by Supported Ir Nanoparticles 

C. Yao1, C. Copéret1* 

1Department of Chemistry and Applied Biosciences, ETH Zürich, CH-8093 Zürich, Switzerland 

The substitution of C-H with C-D bonds in drug molecules presents a simple way of modifying drug’s
absorption, distribution, metabolism, and excretion (ADME) properties, while maintaining the interaction with
target and selectivity.[1] Direct deuteration of C-H bonds prevents multistep de novo synthesis and offers an
efficient method for late-stage isotopic labelling. In this study, we report the development of a silica-supported
iridium nanoparticle catalyst for the selective deuteration of arenes and heteroarenes using C6D6 as the
deuterium source. This catalytic system demonstrates high functional group tolerance and regioselectivity,
favoring para and meta positions without affecting ortho and sp3 C-H bonds, which complements well with
existing methods.[2] The catalyst exhibits excellent chemo- and regioselectivity, overcoming the limitations of
previous methods that used D2, and thus often suffered from unwanted hydrogenation.[3] Our findings
highlight the broad applicability of this method to various pharmaceuticals, showcasing its potential for
enhancing drug development through deuterium incorporation.

 

 

[1] Atzrodt, Jens, Volker Derdau, William J. Kerr, and Marc Reid, Angew. Chem. Int. Ed., 2018, 57, 1758-1784.

[2] Valero, Mégane, Daniel Becker, Kristof Jess, Remo Weck, Jens Atzrodt, Thomas Bannenberg, Volker
Derdau, Matthias Tamm, Chem. Eur. J.,2019, 25, 6517-6522.

[3] Sara Kopf, Florian Bourriquen, Wu Li, Helfried Neumann, Kathrin Junge, Matthias Beller, Chem.
Rev., 2022, 122, 6634-6718.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


  Organic Chemistry, Poster OC-146
  

Repurposing Myoglobin into an Abiological Asymmetric Ketoreductase 

X. Zhang1,2, D. Chen1,2, J. Stropp3, R. Tachibana1,2, Z. Zou4,2, D. Klose3, T. R. Ward4,1* 

1National Center of Competence in Research “Catalysis”, Switzerland, 2Department of Chemistry, University of Basel, BPR
1096, Mattenstrasse 22, 4002 Basel, Switzerland, 3ETH Zurich, Institute for Molecular, Physical Science, HCI F 223,

Vladimir Prelog Weg 2, 8093 Zurich, 4National Center of Competence in Research “Molecular Systems Engineering”, 4058
Basel, Switzerland 

Thanks to recent advances in enzyme repurposing, hemoproteins have gained significant attention as versatile biocatalysts
that catalyze a variety of transformations, ranging from oxidation to redox-neutral reactions. To complement these
achievements, we report herein on our efforts to repurpose myoglobin (Mb) into an asymmetric ketoreductase using PhSiH3
as reductant. Two rounds of mutagenesis afforded a double mutant capable of reducing with high enantioselectivity a broad
range of prochiral aliphatic and aromatic ketones in the presence of whole-cells. Additional rounds of directed evolution
afforded a quintuple mutant with opposite enantioselectivity. Mechanistic investigations suggest that a fleeting Fe-H species
undergoes heterolytic hydride-transfer to afford enantiopure alcohols from the corresponding ketones. The excellent
saturation kinetics profile, combined with the practicality of whole-cell biocatalysis under aerobic conditions, highlight the
potential of repurposed Mb as an asymmetric ketoreductase with a broad substrate scope, thus expanding the reaction
repertoire catalyzed by hemoproteins.
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Synthesis and Self-Assembly of Contorted Aryl Amines 

K. Zhang1, N. Jansen1, M. Rickhaus1* 
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Triphenylamines (TPAs) and its derivatives have received considerable attention over the past years[1] thanks to their
attractive properties that enable their electroactive and photoactive applications[2-3]. Their molecular configurations and
electronic properties greatly influence their aggregation states as well as their charge carrier-transporting properties[4].
Previous studies reported that substituting the TPA with at least one amide group[5] could induce supramolecular
polymerization that can form helical structures via intermolecular H-bonds. To date, there is no research that reveal how the
shape of the core affects the supramolecular polymerization. 

To address these seminal goals, we aim to study the influence of systematic variations of the core of a triarylamine trisamide
(TATA) core unit, while keeping the outer layer (i.e. sidechains) constant. This ensures that the main driving force for the
assembly (the hydrogen bonds) located at the periphery remain in place, leading to columnar stacking. For this purpose, we
have devised Family A (Figure 1), which aims at highlighting different parameters such as geometry, steric hindrance, size,
and flexibility. The length of the bridge is anticipated to induce different degrees of twist to the core, distorting the available
π-surface. The main objective in this family is thus to investigate if it is possible to find a direct relationship between the
distortion of the flat surface and the observed degrees of supramolecular order.

 

 

[1] Moulin, E., Armao IV, J. J., & Giuseppone, N. Accounts of Chemical Research, 2019, 52(4), 975-983.

[2] Shirota, Y. Journal of Materials Chemistry, 2005, 15(1), 75-93.

[3] Wang, J., Liu, K., Ma, L., & Zhan, X. Chemical reviews, 2016, 116(23), 14675-14725.

[4] Moulin, E., Niess, F., Maaloum, M., Buhler, E., Nyrkova, I., & Giuseppone, N. Angewandte Chemie International
Edition, 2010, 49(39), 6974-6978.

[5] Nyrkova, I., Moulin, E., Armao IV, J. J., Maaloum, M., Heinrich, B., Rawiso, M., ... & Giuseppone, N. ACS Nano,
2014, 8(10), 10111-10124.
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Because vinyl cyclopropanes (VCPs) can undergo a variety of transformations such as cycloadditions, rearrangements, or
ring-openings, they are often perceived as pivotal building blocks for organic synthesis.1-2Moreover, selective catalysis
using VCPs provides access to valuable, highly functionalized five-carbon synthons. However, while excellent levels of
chemo-, regio and sometimes enantioselectivity have been obtained for a number of activated VCPs (i.e. VCP bearing
electron-withdrawing substituents), examples of selective catalytic methods using less reactive non-activated VCPs (i.e.
substrates devoid of activating functions) are scarce.3-4 

 

 

Herein, we report the development of a general Cu-catalyzed borylation of non-activated VCPs, which provides access to
uncommon cyclic allylboronates. The reactivity of these derivatives toward a broad range of electrophiles will be presented.
This includes, inter alia, an unusual ligand-controlled Pd-catalyzed regiodivergent arylation reaction.

[1] (a) Wang, J.; Blaszczyk, S. A.; Li, X.; Tang, W. Chem. Rev. 2021, 121, 110−139. (b) Ganesh, V.; Chandrasekaran,
S.Synthesis2016, 48,4347–4380. (c) Meazza, M.; Guo, H.; Rios, R.Org. Biomol. Chem.2017, 15, 2479–2490.

[2] Reissig, H.; Zimmer, R. Chem. Rev. 2003, 103, 1151−1196. 

[3] (a) Schneider, T. F.;Kaschel, J.; Werz, D. B. Angew. Chem., Int. Ed. 2014, 53, 5504−5523. (b) Shimizu, I.; Ohashi, Y.;
Tsuji, J. Tetrahedron Lett. 1985, 26, 3825−3828.

[4] Selected examples: (a) Chen, C.; Wang, H.; Li, T.; Lu, D.; Li, J.; Zhang, X.; Hong, X.; Lu, Z. Angew. Chem. Int. Ed.
2022, 61, e202205619. (b) Long, P-W.; He, T.; Oestreich, M. Org. Lett. 2020, 22, 7383−7386.
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Pnictogen-Bonding Catalyzed Hydrogenation Reaction and Ion Transports in Vesicles 
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Our ongoing research interest lies in the design of pnictogen-bonding and its application in anion transport and catalysis of
new reactions. It is well-known that Sb(V), with its higher oxidation state, exhibits greater catalytic activity compared to
Sb(III). Thus, by modulating the electronic properties of the substituents on the catalyst, a series of new Sb(V) catalysts
have been synthesized. In organic solvents, based on the hydrogenation rate of quinoline, the catalytic activity of Sb(V) is
significantly higher than that of Sb(III). Additionally, we aim to investigate the UV-Vis spectra of the catalyst, substrate,
and their mixtures to verify the presence of interactions within the reaction system. A red shift observed in the mixture of
the substrate and catalyst indicates the interaction between Sb(V) and the substrate. Subsequently, we applied antimony
catalysts to ion transport of hydroxide ions across the phospholipid bilayers. The ion transport results of EYPC vesicles
containing HPTS channels show that the ion transport activity of Sb(V) is significantly stronger than that of Sb(III). As we
all know, vesicles can enhance the reaction concentration in the microenvironment, thereby increasing the reaction rate.
Therefore, we hope to combine Sb-catalyzed hydrogenation reactions with vesicles to enhance the reaction rate. This part of
the work is currently in progress.

 

 

(1) B. L. Murphy, F. P. Gabbaï, J. Am. Chem. Soc. 2024, 146, 7146-7151.

(2) H. V. Humeniuk, A. Gini, X. Hao, F. Coelho, N. Sakai, S. Matile, JACS Au 2021, 1, 1588-1593.

(3) G. Renno, Q.-X. Zhang, A. Frontera, N. Sakai, S. Matile, Helv. Chim. Acta 2024, 107, e202400015.
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Unlocking Molecular Design via Dihalogenation of Unsaturated Hydrocarbons 
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Functional group transfer (FGT) in organic chemistry is a fascinating research field of scientific discovery that provides
opportunities for innovation in the area of advanced organic synthesis. These processes enable the creation of a wide range
of complex molecules with diverse structures and functionalities in a straightforward and atom-economic fashion, which
greatly facilitates the development of new chemical entities and materials. To date, the concept of monofunctional group
transfer for installing singular transferrable functionality has been actively investigated by chemists and has already found
widespread application in molecular design[1]. In contrast, dual functional group transfer is poorly examined and, as a
relatively new concept in scientific exploration, has very promising applicability and significant fundamental advances.
Given the strengths of photocatalytic methodologies that possess inexpensive, effective and wasteless protocols for efficient
organization of chemical synthesis[2], we wish to report the unique fusion of energy transfer photocatalysis and dual
functional group transfer that exhibits unprecedented atomic efficiency and overall low-cost of manipulation for
dihalogenation of unsaturated compounds.

Initially, extensive research on reagent design was carried out to find key chemical frameworks suitable for sequential
transfer of two halogens to unactivated olefins in a mild and selective manner and further reinstallation of desired
functionalities to the reagent core for recycling purposes. Following investigations were conducted on optimization of the
conditions for photocatalytic energy transfer, specifically targeting powerful photosensitizer possessing tolerance towards
highly derivatized starting materials. Additionally, performed comprehensive mechanistic studies revealed the fundamentals
of precisely controlled stepwise dihalogenations. Finally, the broad scope of unsaturated hydrocarbons was successively
employed in the developed protocol of EnT-mediated dihalogen transfer, empowering methodology application and
chemical diversification to advance late-stage functionalization in the fields of drug design and fine organic synthesis.

 

 

[1] S. L. Rössler, B. J. Jelier, E. Magnier, G. Dagousset, E. M. Carreira, A. Togni, Angew. Chem. Int. Ed. 2020, 59, 9264.

[2] L. Candish, K. D. Collins, G. C. Cook, J. J. Douglas, A. Gómez-Suárez, A. Jolit, S. Kees, Chem. Rev. 2022, 122,
2907.
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An Evolved Artificial Radical Cyclase Enables the Construction of Bicyclic Terpenoid Scaffolds via an H-Atom
Transfer Pathway 
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Key Laboratory of Chemical Biology, Shanghai Institute of Organic Chemistry, University of Chinese Academy of
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Fédérale de Lausanne, Lausanne CH-1015, Switzerland 

While natural terpenoid cyclases generate complex terpenoid structures via cationic mechanisms, alternative radical
cyclization pathways are underexplored. The metal-catalyzed hydrogen-atom-transfer (M-HAT) reaction offers an attractive
means for hydrofunctionalizing olefins, providing access to terpenoid-like structures. Artificial metalloenzymes offer a
promising strategy for introducing M-HAT reactivity into a protein scaffold. Herein, we report our efforts towards
engineering an artificial radical cyclase (ARCase)1, resulting from anchoring a biotinylated [Co(Schiff-base)] cofactor
within an engineered chimeric streptavidin. After two rounds of directed evolution, a double mutant catalyzes a radical
cyclization to afford bicyclic products with a cis-5-6-fused ring structure and up to 97% enantiomeric excess. The
involvement of a histidine ligation to the Co-cofactor is confirmed by crystallography. A time-course experiment reveals a
cascade reaction catalyzed by the ARCase, combining a radical cyclization with a conjugate reduction. The ARCase exhibits
tolerance towards variations in the dienone substrate, highlighting its potential to access terpenoid scaffolds.

 

 

[1] D. Chen, X. Zhang, A. A. Vorobieva, R. Tachibana, Z. Zou, P. R. Jakob, D. A. Graf, T. Maier, A. Li; B. Correia*; T. R.
Ward, Nat. Chem. In press.
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