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Rethinking Small Molecule Catalyst Development

T. Schnitzer
Institute for Organic Chemistry, Albert-Ludwigs University Freiburg.
Alberstr. 21, 79104 Freiburg im Breisgau.
schnitzer@schnitzerlab.de

Tailor-made catalysts that exhibit reactivity exclusively towards specific targets — substrates,
sites, or sequences — are currently a hallmark of nature. Harnessing this level of precision on-
demand and applying it to small molecule catalysts would boost efficacy and sustainability of
chemical synthesis. Recent advancements in data-driven workflows have sparked a revolution
in catalyst development, offering a departure from traditional "trial-and-error" and rational
design approaches.!

In our group, we rethink the conventional methods of small molecule catalyst
development. We envision that by analyzing vast amounts of data, we can now embark on a
more directed path towards identifying catalysts with high specificity for a certain substrate,
site or sequence. Towards this goal, our group will harness peptides as powerful
organocatalysts.? Their modular structure enables rapid, automated and scalable synthesis,
making peptides ideal for generating extensive libraries with unparalleled functional and
structural diversity.3 By subjecting this library to a diverse range of reactions and substrates,
we will map essential substrate/reaction features and thereby paving the way for the
development of a computer-aided workflow that predicts and identifies catalysts with target
selectivity.
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1a) Zahrt, A. F.; Henle, J. J.; Rose, B. T.; Wang, Y.; Darrow, W. T.; Denmark, S. E. Science 2019, 363, aau5631. b)
Reid, J. P.; Sigman, M. S. Nature 2019, 571, 343-348. c) Ahneman, D. T.; Estrada, J. G.; Lin, S.; Dreher, S. D.; Doyle,
A. G. Science 2018, 360, 186—190. d) Shields, B. J.; Stevens, J.; Li, J.; Parasram, M.; Damani, F.; Alvarado, J. |. M;
Janey, J. M.; Adams, R. P.; Doyle, A. G. Nature 2021, 590, 89-96. e) Hueffel, J. A.; Sperger, T.; Funes-Ardoiz, |.;
Ward, J. S.; Rissanen, K.; Schoenebeck, F. Science 2021, 374, 1134-1140. f) Sandfort, F.; Strieth-Kalthoff, F.;
Kihnemund, M.; Beecks, C.; Glorius, F. Chem 2020, 6, 1379-1390.

2 Metrano, A. J.; Chinn, A. J.; Shugrue, C. R.; Stone, E. A;; Kim, B.; Miller, S. J. Chem.Rev. 2020, 120, 11479-11615.
3 Sewald, N.; Jakubke, H.-D., Peptides: Chemistry and Biology, John-Wiley & Sons, 2009.



From Twofold- to Threefold Stereogenicity: Catalyst-Stereocontrolled
synthesis of o-Quinodimethane- and C-S Atropisomers

1:Jianyang Dong, Andreas Ostertaq, Christof Sparr
2: Tanno A. Schmidt, Stephan Schumann, Andreas Ostertag, Christof Sparr
Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland
andreas.ostertag@unibas.ch
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The use of thermally generated o-quinodimethanes as reactive intermediates in Diels-Alder

reactions is a versatile approach to synthesize complex polycyclic compounds.t*) In this work
we describe an intramolecular catalyst-stereocontrolled [2+2+2] cycloaddition of triyne
substrates to generate atropisomeric benzocyclobutenes, benzocyclic sulfones and
benzosultines which serve as precursors for the rotationally restricted aryl-o-quinodimethanes.
Owing to their remarkable configurational stability, no racemization of the stereogenic axis
occurs during the thermal ring opening. This allows for highly stereospecific Diels-Alder
reactions of the in situ formed o-quinodimethanes with different dienophiles to form various
polycyclic biaryls.
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Higher-order stereogenicity arises when more than two isomers emerge from an irreducible
stereogenic unit. With only recent methods for catalyst stereocontrol.®l In this work we report
the stereoselective synthesis of threefold stereogenic triptycyl sulfones with atropoisomerism
arising from a C(sp3)-S bond. Enantioselective oxidation of the thioether catalyzed by a chiral
phosphoric acid forms the enantioenriched triptycyl sulfoxide which is catalytically oxidized in
an enantiospecific and diastereoselective fashion to a threefold stereogenic sulfone. All three
stereoisomers were selectively addressed with enantio- and diastereodivergence.

[1] R. L. Funk, K. P. C. Vollhardt, J. Am. Chem. Soc. 1980, 102, 5253-5261.

[2] ). Dong*, A. Ostertag*, C. Sparr, Angew. Chem. Int. Ed. 2022, 61, e202211168. (* denotes equal contribution)

[3] a) X. Wu, R. M. Witzig, R. Beaud, C. Fischer, D. Haussinger, C. Sparr, Nat. Catal. 2021, 4, 457. b) T. A. Schmidt, C. Sparr,
Angew. Chem. Int. Ed. 2021, 60, 23911.

[4] T. A. Schmidt, S. Schumann, A. Ostertag, C. Sparr, Angew. Chem. Int. Ed. 2023, 62, €202302084.



Synthesis of chemical tools to decipher the mode of action of antiparasitic

redox-active 3-benzylmenadiones

B. Dupouy,’ M. Elhabiri,* and E. Davioud-Charvet® *
1 Chimie Bioorganique et Médicinale (CBM), LIMA UMR 7042, 67087, Strasbourg, France
Email: baptiste.dupouy@etu.unistra.fr

One of the main research topic of the CBM team is focused on the development of redox-active
antiparasitic drug-candidates based on the 3-benzylmenadione (bMD) core. Two strategies are
currently being developed for the identification/visualisation of the biological targets of bMD,
a crucial step to elucidate the modes of action and synthesize more effective drugs in the future
through rational drug design.! The first strategy is based on a bioorthogonal click reaction
between novel bMD-derived alkyne probes and an azide fluorophore using the copper-
catalyzed azide-alkyne cycloaddition reaction (CuAAC) to visualize bMD-treated parasitized red
blood cells. In addition, azide fluorophores based on a rigid flavylium scaffold are being
developed that can react efficiently with these alkyne-bMDs to form bright bMD-flavylium
adducts. The latter is justified by the fact that, compared to expensive commercial fluorophores
(e.g. rhodamine azide) that are difficult to modify or functionalize, home-made azide
fluorophores can be developed with a minimum of synthetic steps (simple and fast synthesis,
scale-up, photostable, bright, water-soluble, tuneable emission, post-functionalisation). For
example, the length of the spacer that separates the flavylium core from the azide function or
the nature of the chromophore substitution offer several interesting perspectives. By taking
advantage of the intrinsic redox properties of the bMD moiety, it was possible to achieve an
interesting fluorogenic response within the bMD flavylium adducts. These represent redox-
sensitive fluorescent probes whose emission is closely related to the redox state of the bMD
moiety, thus offering interesting imaging prospects for quantifying the redox status in living
parasites. The second strategy still aims to develop other bMD-based probes for parasite
imaging, but with the design of the first bMDs functionalised with an azido unit, allowing
copper-free cycloadditions (SPAAC) with constrained alkynes (e.g. DBCO functionalised with a
flavylium fluorophore) to monitor the transport and localisation of the pharmacophore within
the parasite.
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Elhabiri, M., and Davioud-Charvet, E. (2021) A Class of Valuable (Pro-)Activity-Based Protein Profiling Probes: Application to
the Redox-Active Antiplasmodial Agent, Plasmodione. JACS*, 1 (5), 669—-689.
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Detection and Quantification of Magic Spot Nucleotides

Isabel Prucker, Martin Milanov, Henning J. Jessen,
Institute of Organic Chemistry, University of Freiburg,
Albertstral3e 21, 79104 Freiburg, Germany
isabel.prucker@oc.uni-freiburg.de

Starvation, antibiotics, changes in pH or in temperature stresses bacteria’ and initiate
a stress response, known as stringent response. This signaling cascade is mediated
by the magic spot nucleotides guanosine 3’5’-bispyrophosphate (ppGpp) and
guanosine 3’-diphosphate 5'-triphosphate (pppGpp). Detection and quantification of
(p)ppGpp have, however, have been a challenging task due to low cellular
concentrations, fast turnovers and difficult separation possibities.?

We examine concentrations of the aforementioned signal molecules via capillary
electrophoresis coupled to mass spectrometry (CE-MS). This highly sensitive
analytical method is known for the excellently separation of highly charged
components at low concentrations and is perfectly suitable for magic spot nucleotides.?
Here, we describe a method, in which spiking with heavy internal standards before
extraction eliminates the losses of specific analytes during extraction. The combination
with the sensitive CE-MS analysis provides a powerful tool for the determination of
magic spot nucleotides with concentrations below 1 uym. This workflow (see also
figure 1) is expected to reveal the bacterial metabolism not only during stress response
and could help in the development of more effective antibiotics via the inhibition of the

stringent response.
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Figure 1. Structural formula of (p)ppGpp and workflow of quantification. Adenosine (ATP) and
guanosine (GTP) triphosphates are shown for comparison.

References:

' E. Bosdriesz, D. Molenaar, B. Teusink, F.J. Bruggeman, FEBS J. 2015, 282, 2029.

2V. Varik, S. R. A. Oliveira, V. Hauryliuk, Sci. Rep. 2017, 7, 11022.

3L. A. Kartsova, D. V. Makeeva, A.V. Kravchenko, D.O. Moskvichev, D. A. Polikarpova, TrAC-Trends
Anal. Chem., 2021, 134, 116110.
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Methylene C(sp®)—H activation enables stereoselective synthesis of Indidene
natural products

Anton Kudashev, Stefania Vergura, Olivier Baudoin
Department of Chemistry, University of Basel, St. Johanns-Ring 19, CH-4056, Basel,
Switzerland
Email: olivier.baudoin@unibas.ch

Enantioselective Ni%-catalyzed
Pd’-catalyzed arylation oxidative cross coupling

Suzuki coupling

OH
HO

rac-indidene A (-)-Indidene C

Recently developed C—H activation methodologies have enabled concise and efficient total
syntheses of various bioactive natural products®. In this context, Pd®-catalyzed C—H activation
has emerged as a method of choice for construction of cyclopentane rings of various
complexity?. We report our investigations towards racemic and enantioselective synthesis of
Indidenes A and C, polyketides isolated from bark of S. indicus, as well as other indidene
congeners. The construction of the indane scaffold is enabled by implementation of a PdO-
catalyzed methylene C—H activation®, which sets the first stereocenter. The installation of the
side chain is achieved by a Ni°-catalyzed oxidative cross-coupling® in the case of Indidene A,
while Suzuki coupling facilitated formation of a biphenyl system in Indidene C.

1 0. Baudoin, Angew. Chem. Int. Ed. 2020, 59, 17798-17809; C. Tsukano, Y. Takemoto, Handbook of CH-
Functionalization, Wiley-VCH, 2022

2 Example of such a synthesis: P. Thesmar, O. Baudoin, J. Am. Chem. Soc. 2019, 141, 15779-15783

3R. Melot, M. Zuccarello, D. Cavalli, N. Niggli, M. Devereux, T. Blrgi, O. Baudoin, Angew. Chem. Int. Ed. 2021, 60,
7245-7250

47, Verheyen, L. von Turnhout, J. K. Vandavasi, E. S. Isbrandt, W. M. De Borggraeve, S. G. Newman, J. Am. Chem.
Soc., 2019, 141, 6869-6874
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Regio- and Diastereoselective Decarboxylative Allylation of N-Aryl a-Amino Acids
by Dual Photoredox/Nickel Catalysis

Jun Zheng, Christoph Nopper, Rifhat Bibi, Ali Nikbakht, Felix Bauer, Bernhard Breit
Institut fir Organische Chemie, Albert-Ludwigs-Universitat Freiburg,
Albertstralle 21, 79104 Freiburg, Germany
christophnopper@yahoo.de

Homoallylic amines are important building blocks for the synthesis of nitrogen-containing
natural products. They are generally synthesized by addition of allyl metal compounds to
imines. With the establishment of photoredox catalysis in organic chemistry, research interest
in homoallylic amine syntheses via radical reactions has increased. Herein, we present a dual
photoredox/nickel catalyzed regio- and diastereoselective allylation reaction of N-aryl a-amino
acids. Our method vyields branched homoallylic amines in high vyields and high syn-
diastereoselectivity under mild and redox-neutral conditions. The synthetic flexibility of our
reaction was demonstrated in a broad substrate scope, which is characterized by a high
functional group tolerance. Detailed mechanistic studies revealed an imine as the key
intermediate in this reaction.!

1 o OCO,R R? R®
R R1 .
OH + X N R2 =
NHAr R NHAr
R = Me, t-Bu 2= alkyl, (hetero)aryl
R3 = H, alkyl
B branched product only B yields up to 99% B diastereoselectivity up to >95:5
B imine intermediate B Jow-cost Ni catalyst B broad substrate scope

Figure 1. Synthesis of Homoallylic Amines via Dual Photoredox/Nickel Catalysis.

1J.Zheng, C. Nopper, R. Bibi, A. Nikbakht, F. Bauer, B. Breit, ACS Catal. 2022, 12, 5949.
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Geldnder Molecules with Orthogonal Joints:
Design, Synthesis, and Properties

. A. D’Addio,* M. Mayor!*

! Department of Chemistry, University of Basel, St. Johann’s-Ring 19, 4056 Basel, Switzerland
e-mail: a.daddio@unibas.ch

Helical chirality can be induced by forcing long tethers around a central axis. Such
molecular architectures are reminiscent of the banister (or “Gelander” in German) of a spiral
staircase (Figure 1A).! By extension of a single stringer (banister) in a ladder polymer,
exclusively chiroptically active structures are formed with high racemization barriers.?* In initial
endeavors, regioisomers were formed in a late divergent synthetic step, owing to the inherent
asymmetry of the designed building blocks. These regioisomers are formed due to the free
rotation around the rung between the stringers, resulting in acute or obtuse angles to the
nearest neighbor (Figure 1D). This severely limits the feasibility of the synthesis of oligomers
with more than three repeating units.>* By symmetrizing the molecular design (Figure 1E), this
divergent step is circumvented.® The helical structures (Figure 1F) are formed in two
subsequent robust homo-coupling steps as racemic mixtures, which are resolved to pure
enantiomers by chiral stationary phase HPLC.

The design principle and synthesis of Geldnder oligomers of varying sizes with
orthogonal joints are presented, as well as a chiroptical study thereof.
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This work was supported by Swiss National Science Foundation (SNF Grant no. 200020-
207744).

1 B. Kiupel et al., Angew. Chem. Int. Ed. 37 (1998) 3031.

2 M. Rickhaus et al., Chem. Soc. Rev. 45 (2016) 1542.

3 M. Rickhaus et al., Angew. Chem. Int. Ed. 53 (2014) 14587.
4 R. Mannancherry et al., Chem. Sci. 9 (2018) 5758.

5 A. D’Addio et al., Chem. Eur. J., (2022), e202201678.



Synthesis and reactivity of F,HCO-bearing building blocks for accessing
valuable difluoromethoxylated scaffolds.

A. Loison, G. Hanquet, A. Panossian*, F. Leroux™
Université de Strasbourg, CNRS, Université de Haute-Alsace ECPM, 25 rue Becquerel, 67000
Strasbourg — France
Email: anais.loison@etu.unistra.fr

The use of fluorinated groups in medicinal and agrochemistry is constantly increasing. In fact,
at least one fluorine atom is present in 18% of pharmaceuticals® and 16% of agrochemicals?.
Fluorine has indeed demonstrated its ability to modify the physico-chemical and biological
properties of molecules compared to their hydrogenated analogues, leading for example to an
increase in metabolic stability. Nevertheless, most of these compounds are in fact bearing a
single fluorine atom, or a trifluoromethyl group, thus explaining the need for more diversity,
i.e. Emerging Fluorinated Groups. To this end, our group has developed the synthesis of a
versatile building block, namely a ketone, allowing the introduction of the -OCF,H motif, for
which the direct introduction methods, especially on alkyl chains, are still rare3. As a matter of
fact, the difluoromethoxy moiety appears as particularly interesting, as it combines the classical
properties due to the fluorine atoms, with unique properties resulting from its anisotropy and
from the presence of a H-bond acidic proton. First the synthesis of the difluoromethoxylated
ketone was optimized. Then its synthetic potential was taken advantage of, as it was used for
accessing valuable compounds such as amidines, imidates, thioimidates or very rarely
encountered difluoromethoxylated heterocycles, which should be particularly relevant
structures in Life Sciences. This new method thus allowed us to build a library of high potential
molecules bearing the key -OCF,H motif*°.
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scaffolds with a large scope of substrates.

1 Inoue, M.; Sumii, Y.; Shibata, N. ACS Omega 2020, 5, 10633-10640.

2 Ogawa, Y.; Tokunaga, E.; Kobayashi, O.; Hirai, K.; Shibata, N. iScience 2020, 23, 101467.

3 Loison, A.; Toulgoat, F.; Billard, T.; Hanquet, G.; Panossian, A.; Leroux, F. R. Tetrahedron 2021, 99, 132458.
4 Loison, A.; Toulgoat, F.; Billard, T.; Hanquet, G.; Panossian, A.; Leroux, F. R Org. Lett. 2022, 24, 8316-8321
> Loison, A.; Toulgoat, F.; Billard, T.; Hanquet, G.; Panossian, A.; Leroux, F. R manuscript in preparation.
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Facile access towards trans-hydroxyoctahydroazulenone core and total
synthesis of Randainin D via visible-light-promoted Ir(lll)-catalyzed allylation

Oleksandr Viyhivskyi, Olivier Baudoin*
Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland
oleksandr.vyhivskyi@unibas.ch; *olivier.baudoin@unibas.ch

Hydroazulene is an abundant framework found in guaiane-type sesquiterpenes. Recently Shen?
and Williams? groups isolated novel natural products (Randainins A-D and Shortolides B-C)
possessing simultaneously hydroxyoctahydroazulene skeleton and butenolide moiety. Such
framework features make these natural products unique, being structurally related to both,
guaiane-type sesquiterpenes and labdane-derived diterpenoids. Randainin D is a moderate
inhibitor of superoxide-anion generation and elastase release. Such biological activity and
intriguing structures (trans-5/7-ring scaffold, five stereocenters, four — contiguous, and two —
guaternary), make this unusual natural product attractive and challenging synthetic targets.
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Fig. 1. Retrosynthetic analysis of Randainin D

It was found that Ru-catalyzed asymmetric reduction of 2,2-dimethylcyclopentane-1,3-dione
creates the stereocenter at C3, which leads to the desired trans-junction at C1-C5, through the
sequence of diastereoselective steps. Assembly of the 7-membered ring was realized via
challenging Ru-catalyzed RCM leading to the tetrasubstituted enone. The endgame is a novel
visible-light-promoted Ir(lll)-catalyzed allylation that allows the direct installation of alkyl
substituted butenolide moiety.

1 Cheng, H. H.; Cheng, Y. B.; Hwang, T. L.; Kuo, Y. H.; Chen, C. H.; Shen, Y.C. Randainins A-D, Based on Unique
Diterpenoid Architectures, from Callicarpa randaiensis. J. Nat. Prod. 2015, 78 (8), 1823-1828. DOI:
10.1021/acs.jnatprod.5b00012

2 Williams, R. B.; Du, L.; Norman, V. L.; Goering, M. G.; O’Neil-Johnson, M.; Woodbury, S.; Albrecht, M. A.; Powell,
D. R.; Cichewicz, R. H.; Eldridge, G. R.; Starks C. M. Diterpenes from the Endangered Goldenrod Solidago shortii. J.
Nat. Prod. 2014, 77 (6), 1438-1444. DOI: 10.1021/np500178s
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Regio- and Stereoselective Hydroelementation of SFs-Alkynes and Further
Functionalizations

Lucas Popek,? Jorge Juan Cabrera-Trujillo,? Vincent Debrauwer,? Nicolas Blanchard,? Karinne
Miqueu ? and Vincent Bizet*@
@ Université de Haute-Alsace, Université de Strasbourg, CNRS, LIMA, UMR 7042, 68000
Mulhouse (France)
b CNRS/Université de Pau et des Pays de I’Adour, E2S-UPPA, IPREM UMR 5254, 64053 Pau
cedex 09 (France)
vbizet@unistra.fr

Nowadays, development of novel synthetic routes towards SFs-containing compounds is on the
rise, but the access of structural diversity remains highly challenging. Pentafluorosulfanylated
alkynes are easily accessible and versatile SFs building blocks, which have been mainly used in
cycloaddition, heterocyclic synthesis and few hydrofunctionalization reactions.! To our
knowledge, the hydrofunctionalization of SFs-alkynes has been poorly explored and is mainly
limited to hydration and hydrofluorination.? Noteworthy, two preprints appeared at the same
time we developed this study about the hydroamination and hydrotioetherification of SFs-
acetylene generated in situ, showing the actual craze for this motif.? In this presentation is
disclosed a very efficient method to perform a fully regio- and stereoselective
hydroelementation reaction of SFs alkynes in mild reaction conditions which does not require
the use of any transition metal. This fully atom-economical process gives an easy access to
various heterosubstituted vinylic-SFs scaffolds (X = N, O, S), as very attractive platforms for
downstream functionalization and/or transformation. Experimental and computational
comparative studies between SFs- and CFs-alkynes have been performed to highlight and
explain the difference of reactivity and selectivity observed between these two fluorinated
motifs.*
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1 L. Popek, T.-M. Nguyen, N. Blanchard, D. Cahard, V. Bizet, Tetrahedron 2022, 117-118, 132814

2 a) R. Gauthier, M. Mamone, J.-F. Paquin, Org. Lett. 2019, 21, 9024 ; b) M. Cloutier, M. Roudias, J.-F. Paquin,
Org. Lett. 2019, 21, 3866.

3a)J. 0. Wenzel, F. Jester, D. Rombach, ChemRxiv , 2022, DOI 10.26434/chemrxiv-2022-brglw b) H. Kucher, J. O.
Wenzel, D. Rombach, ChemRxiv, 2022, DOI 10.26434/chemrxiv-2022-01jhn

4 L. Popek, J,J. Cabrera-Trujillo, V. Debrauwer, N. Blanchard, K. Miqueu, V. Bizet, Angew. Chem. Int.Ed., 2023, 62,
202300685
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Site-selective hydrogenation/deuteration of benzylic olefins enabled by
electroreduction

Simon Kolb, Daniel B. Werz
Albert-Ludwigs University Freiburg, Institute of Organic Chemistry, Albertstr. 21,
79104 Freiburg
simon.kolb@chemie.uni-freiburg.de, daniel.werz@chemie.uni-freiburg.de

Hydrogenation conveniently allows the construction of C(sp3)-centers from readily available
olefins or alkynes and orthogonality in protecting group strategies. However, the control of site-
selectivity when more than one group that is affected by hydrogenation is present, is hard to
achieve (Scheme 1). Interested in such a method, we found that electrochemistry was already
used to selectively react benzylic olefins by cathodic reduction.'! While reported methods
commonly require an aryl-EWG substituted olefin (cinnamic acid derivatives), we developed a
general method that overcomes this limitation and uses a commercially available electrolysis
setup.?! The operationally simple procedure utilizes H,0 or D,0 for the selective hydrogenation
and deuteration of benzylic olefins when other C(sp?)/C(sp)-centers or protecting groups are
present. In addition to a broad substrate scope (>50 examples), we performed experiments to
support our mechanistic proposal.

Scheme 1. Our protocol allows a challenging site-selective hydrogenation/deuteration of
benzylic olefins and overcomes limitations of previously reported electrochemical
methods.
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[1] Yang, J.; Qin, H.; Yan, K.; Cheng X.; Wen J. Advances in electrochemical hydrogenation since 2010. Adv. Synth.
Catal. 2021, 363, 5407.



Metal lons Facilitate Chirality Transfer in Non-Enzymatic Reductions with NADH

Robert J. Mayer, Joseph Moran
Institut de Science et d’Ingénierie Supramoléculaires (ISIS), Strasbourg, France
rimayer@unistra.fr

Reduction reactions are essential within biochemical metabolism,* but it remains unclear how
they emerged before the availability of enzymes at the origins of life. Within early metabolism,
NADH is considered to be the most important cofactor, where it takes a central role in reduction
reactions.? As NADH can be obtained under prebiotic conditions using hydrogen as a reducing
agent,®> NADH takes a central role in theories on the emergence of life by allowing the transition
from abiotic to organic reducing agents. However, experimental verification of such models is
still missing, as previous studies have shown that NADH is unable to act as a reducing agent in
water outside of enzymes.
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Figure 1. A: Metal-catalyzed nonenzymatic reduction of keto acids by NADH. B. Computational
transition state for intramolecular hydride transfer in the reduction of pyruvate.

By combining high-throughput screening and statistical reaction optimization, we have now
identified conditions under which catalytic amounts of metal ions drastically enhance the
reactivity of keto acids enabling their reduction by NADH and NADH analogs in neutral
unbuffered water at 40 °C (Figure 1A).* Under the identified reaction conditions, the chirality
of the hydride donor NADH is partially translated to the products resulting in a significant
preference for the formation of D-hydroxy acids with up to 35 %ee. DFT computations were
used to elucidate the detailed reaction mechanism and identified an intramolecular hydride
transfer within a highly organized adduct to be responsible for the observed chirality transfer
(Figure 1B). The identified reaction conditions constitute the missing link in enabling
nonenzymatic reductions in early metabolism and are the first example where a metal ion
mimicking enzyme function enables chirality transfer of a biochemical reaction.

I McMurry, J., Begley, T. P. The Organic Chemistry of Biological Pathways. 2nd edition. Greenwood Village,
Colorado: Roberts and Company Publishers, 2016.

2 Xavier, J. C.; Hordijk, W.; Kauffman, S.; Steel, M.; Martin, W. F. Proc. R. Soc. B. 2020, 287, 20192377

3 Henriques Pereira, D.; Leethaus, J.; Beyazay, T.; do Nascimento Vieira, A.; Kleinermanns, K.; Tlys(z, H., Martin,
W. F.; Preiner, M. FEBS J. 2022, 289, 3148-3162.

4Maver, R. J.; Moran, J. submitted.
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Rhodium-Catalyzed Enantioselective Intramolecular
Hydroalkoxylation of Allenes towards Tetrahydropyranes,
Tetrahydrofuranes and Morpholines

Martin Daiger, Dino Berthold, Bernhard Breit
Institute of Organic Chemistry, University of Freiburg,
Albertstr. 21, 79104 Freiburg, Germany
Martin.daiger@web.de

Oxygen and nitrogen containing cyclic compounds are widely found in natural and
pharmaceutical products!!l. Therefore, procedures for the enantioselective synthesis of
these compounds are of utmost importance!?=l,

Herein, we report the development of a Rhodium-catalyzed cyclization of alcohols
towards allenes. This methodology provides selective access towards
tetrahydropyranes, tetrahydrofuranes and morpholines. High yields, high enantiomeric
excess and a good functional group tolerance were achieved.
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Figure 1. Reaction conditions of the Rhodium-catalyzed cyclization of alcohols towards allenes.

Furthermore, the utility of this method was demonstrated by the asymmetric total
synthesis of a-Tocopherol.
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Figure 2. Retrosynthetic analysis of a-Tocopherol.
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Oligoamylose from Cyclodextrin: Precursors for Enzymatically Cleavable Polymers

Jonas Rohlmann, Daniel B. Werz
Albert-Ludwigs-Universitét Freiburg, Institut fiir Organische Chemie, Albertstrafse 21, D-79104
Freiburg

jonas.rohlmann@chemie.uni-freiburg.de, daniel.werz@chemie.uni-freiburg.de

The tailor-made modification of surfaces by adaptive polymers allows a broad spectrum of
targeted modification of their surface properties. Cross-linked polymers are commonly employed
for such purpose, despite the fact that a later cleavage of those bears difficulties. Therefore, the
incorporation of predetermined breaking points is of interest.” * The enzymatical cleavable
glyosidic bond could fit the requirements for such a breaking point. The aim of this project is the
synthesis of an oligopamylose bearing terminal polymerizable moieties which allow its
incorporation into a cross-linked polymer by copolymerization. This should allow the polymer to
be enzymatically cleavable by amylase. To this end, a 1-azido heptaglucopyranose was obtained
by the acidic cleavage of perbenzoylated B—cyclodextrin3. This was further azidofunctionalized at
the 4-position of its other terminus, which set the stage for introduction of terminal styrenes by
copper catalyzed azide-alkyne click chemistry. The resulting product could then be globally

deprotected under basic conditions to refurbish the native hydroxyl pattern of the carbohydrate.
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! Kost, J; Bleiziffer, A; Rusitov, D; Rihe, J. Thermally Induced Cross-Linking of Polymers via C,H Insertion Cross-Linking

(CHic) under Mild Conditions. J. Am. Chem. Soc. 2021, 143, 10108 — 10119.
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New Inositol Pyrophosphate Prometabolites for in vivo Release

N. Jork, J. Ma, H. J. Jessen

Nikolaus Jork, Albert-Ludwigs-University Freiburg, Albertstr. 21, 79104 Freiburg

Inositol pyrophosphates (PP-InsPs) are highly phosphorylated messenger molecules, which
appear as different isomers. Many important biological functions like phosphate homeostasis
and insulin sensitivity are associated to this molecules. The metabolic connection between the
different isomers with high turnover and low concentrations complicates the investigation of
their biological function. We introduced a prometabolite approach to modify the messenger’s
concentrations in vivo (Figure 1 shows an 1,5-PP,-InsPs derivative as an example). The
prometabolites has protecting groups (AB) to mask the negative charges, which inhibit the
cellular uptake. These modifications are biolabile, as they are cleaved by enzymes after they
entered the cell. The activity of the messenger is still blocked by a photo removable protection
group (photocage). A short irradiation with UV-light removes the photocage and PP-InsP is set
free. New photocages were introduced, as they can be cleaved by higher wavelength (450 nm
and higher) to overcome phototoxicity. The alkyne-group of the photocage enables to couple
different modifications via click-chemistry, which can improve the cellular uptake or target
specific organelles.
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Figure 1. A prometabolite of the isomer 1,5-PP,-InsP4, with the photocage DEAC450
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Hydrofunctionalization of Propadiene — New Life for a Previously Unwanted
Product

Simon V. Sieger, llja Lubins, Bernhard Breit
Institut fr Organische Chemie, Albert-Ludwigs-Universitat Freiburg
Albertstr. 21, 79104 Freiburg i. Br., Germany
bernhard.breit@chemie.uni-freiburg.de

A highly versatile palladium-catalyzed allylation reaction of several pronucleophiles is reported.
The use of propadiene in toluene provides an atom economic and waste-free access to allylated
nucleophiles, a structural motif with almost unlimited possibilities for further functionalization.
In addition to N-, O-, and S-pronucleophiles, the Pd/BINAP system is capable of adding a C-

pronuceophile to allene. A plausible mechanism is supported by deuterium labeling
experiments.!
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Photoinactivation of mycobacteria

M. Grimmeisen, C. Jessen-Trefzer
University of Freiburg, Albertstralle 21, Freiburg im Breisgau
michael.grimmeisen@ocbc.uni-freiburg.de
claudia.jessen-trefzer@pharmazie.uni-freiburg.de

Mycobacteria, belonging to the phylum Actinomycetota, possess a distinct and fascinating cell
structure comprising a cytoplasmic membrane and an overlaid peptidoglycan layer.
Additionally, they exhibit other structural elements, including an arabinogalactan layer directly
attached to the mycomembrane. The inner leaflet of the membrane is composed of long
mycolic acids linked to arabinogalactan, while the outer leaflet primarily consists of TMM
(trehalose monomycolate) and TDM (trehalose dimycolate). These constituents are
synthesized through the extracellular Ag85 enzyme complex. In this project, the potential of
this enzyme complex to incorporate not only trehalose but also trehalose analogs is being
explored. As previously demonstrated by various research groups, mycobacteria can be
specifically modified using trehalose derivatives?.
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Figure 1:Schematic illustration of the incorporation of trehalose derivatives into the mycomembrane. T is for
trehalose, TP for trehalose-photosensitizer derivative, TMM for trehalose monomycolate, TDM for trehalose
dimycolate and TPMM for trehalose-photosensitizer monomycolate. (Adapted from Dutta et al. (2019)?)

The work published by our group in 2019, already demonstrated the potential of bacterial
functionalization, allowing for photoinduced inactivation of mycobacteria through the
generation of reactive oxygen species (ROS) upon exposure to light irradiation?. Building upon
this foundation, our objective is to develop enhanced photosensitizer-trehalose conjugates
specifically tailored for the treatment of skin infections caused by pathogens like
Mycobacterium marinum. Additionally, we aim to explore the potential of utilizing
photosensitizer-modified Mycobacterium bovis BCG for the treatment of bladder cancer
therapy®. Our current synthesis endeavors are primarily centered around BODIPY-
photosensitizers and Nile-Blue derivatives. Through our efforts, we have successfully
established an enhanced synthesis and purification protocol for known BODIPY-
photosensitizers. Presently, our focus is on creating a diverse range of compounds to construct
a small library. This library will enable us to evaluate the light-induced killing efficiency against
the aforementioned mycobacterial strains, both in vitro and within macrophages.



Synthesis of novel Quinoacridane[4]arenes

Alexander Strassberger, Konrad Tiefenbacher
Department of Chemistry, University of Basel, Mattenstrasse 22, 4058 Basel

alexander.strassberger@unibas.ch, konrad.tiefenbacher@unibas.ch

Since the synthesis of the first cavitands, based on resorcinarene much effort has been put in
the development of larger cavitands.12 For that reason, larger bowl-shaped macrocycles
were synthesised. It has been challenging to derive larger macrocycles, since
naphthalenearenes can not be obtained as bowl-shaped macrocycles and xanthene forms
only trimeric macrocycles.345 By using acridane, it was possible to synthesise the megalo
cavitands, with a volume of up to 814 A3. So far, the acridane[4]arenes were the largest
macrocycles.6

Recently, our group developed a new class of macrocycles based on quinoacridane, termed
quinoacridane[4]arenes. Macrocycles equipped with methyl and ethyl substituents as inner
feet were synthesised.

Figure 1: Synthesised macrocycles 1 and 2 of the Quinoacridane[4]arene
family.
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Synthesis of novel bisubstrate analogues of ppGpp containing diphosphate

isosteres as potential RSH enzyme inhibitors
Patrick Moser, Henning J. Jessen
Institute of Organic Chemistry, Albert-Ludwigs-University of Freiburg,
AlbertstraBe 21, 79104 Freiburg
patrick.moser@ocbc.uni-freiburg.de

The status quo in antibiotic research is that more and more resistance to established drugs is
emerging, while hardly any new antibiotics are being discovered. Therefore, alternative ways
to combat antibiotic resistance are being sought. Stringent response is a bacterial survival
mechanism that involves the synthesis of highly phosphorylated nucleotides such as
(p)ppGpp, known as magic spot nucleotides (MSN). This mechanism is associated with the
ability of bacteria to develop resistance and survive under adverse conditions. Thus, its
inhibition could provide an opportunity for the development of new antibiotics. In this work,
new (p)ppGpp analogs are developed using dipeptides as diphosphate mimics, which are
designed to inhibit MSN-synthesizing enzymes in bacteria as transition state analogs.
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Concept for novel bisubstrate inhibitors. Inhibition of the RSH proteins (here Staphylococcus aureus small
alarmone synthetase RelP) is to be achieved by transition state analogues.
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A Modular Approach for the Synthesis of Novel 8

Heterobifunctional Cyanine Dyes

Corina, Maller; Franziska, Schedel; Maja, Kéhn

University of Freiburg/ Germany
corina.maller@bioss.uni-freiburg.de, franziska.schedel@bioss.uni-freiburg.de,

maja.koehn@bioss.uni-freiburg.de

Heterobifunctional dyes are a versatile tool to link biomolecules of interest and study them. In
literature, several approaches towards the synthesis of asymmetric cyanine dyes are described, but
they involve high boiling point solvents, RPC and/ or preparative HPLC purification, low yields and

small scales or are microwave assisted.>™

The instability of those dyes due to the positive charge makes them rather complicated to handle.
Furthermore, formation of the indolium salt through N-alkylation of indolenine requires high

temperatures, at which temperature-sensitive functional groups decompose.?

Herein, we present a novel synthetic route for the design and synthesis of new asymmetric cyanine
5 dyes. Within this study, we were able to reduce the work up steps by benefitting from the pH- and
functional group dependent solubility of the asymmetric cyanine 5 dyes avoiding thereby the
necessity of chromatography until the final synthesis step. Furthermore, the synthesis does not
require any high boiling point solvents and by using a modular approach, we could circumvent the
decomposition of functional groups by adding them in the last step of synthesis. In addition, we could
demonstrate that the synthesis is possible in gram-scale with good to excellent yields. All synthesised

compounds were analysed using NMR spectroscopy and HR-MS.

The modular approach within this synthesis strategy allows the user to conjugate different blocks
together. The synthesised dyes are equipped with a ligand, which can be fused to a self-labelling
protein tag and a functional group, which can be coupled or attached via biorthogonal click chemistry

to any other molecule, peptide or protein.



Macrocyclic Receptors for Aromatic Amino Acid Recognition

Joél Keller!@, Marcel Mayor@?<]
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Phenylketonuria (PKU) is a hereditary

disease, caused by partial or total lack of a) v b) v

enzymatic function of phenylalanine °(°x égd. X
hydroxylase, which converts the essential T (""’ s ok (‘“"’ - F
amino acid L-phenylalanine (Phe) to L- F‘ﬁ?/) -F")f/}; F}(\\}F/ﬁ/ )
tyrosine (Tyr). If left untreated in N 0 - - -%’;HF =
newborns, PKU may cause severe 5 ¢ i
intellectual disability, epilepsy, and o

behavioral pr0b|em5.[1] The Figure 1. a) Tyr and b) Phe in idealized binding pockets, featuring H-bonding
de\/e|opment of small molecule (green/yellow), pi-pi-interactions with perfluoroarenes (blue), and specific
receptors for effective distinction of the interactions to distinguish between their side chains (purple/brown).
individual aromatic amino acids, especially Phe and Tyr, remains an o 0o

elusive goal owing to their structural similarity. Such receptors could
facilitate monitoring of the disease in patients and accelerate the
discovery of drug candidates. By rational design as depicted in Figure 1,
we realized the synthesis of a macrocyclic receptor comprising a
perfluoroarene sandwich-like aryl binding site with micromolar affinity
for L-tyrosine methyl ester in CHCls. Studies regarding selectivity of the
binding cavity, shown in Figure 2, for individual amino acid methyl
esters as well as the synthesis of a water-soluble derivative for stronger,
solvophobic r-ri-stacking(?! are currently ongoing in our laboratories.
Based on the outcome of these studies, the scaffold of the macrocycle macrocydlic  scaffold  with
will be tuned by functionalization on the nitrogen atom of the carbazole  micromolar affinity for H-Tyr-
moiety, to give rise to derivatives with a smaller cavity volume for oOmMeincbch.

efficient binding of the smaller amino acid Phe.

Figure 2. The synthesized
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Rhodium-Catalyzed Diastereo- and Enantioselective Cycloisomerization of 1,5-Bis- 10
(allenes) to 1,2-Enyne Cyclic Skeletons

Farhad Panahi,* Marzieh Samadani,” Felix Bauer, and Bernhard Breit*

Institut fur Organische Chemie, Albert-Ludwigs-Universitat Freiburg, Albertstralle 21, 79104
Freiburg im Breisgau, Germany

panahichem@ymail.com, samadany.marzieh@yahoo.com, felixbauer@outlook.com
*bernhard.breit@chemie.uni-freiburg.de

We present here a novel enantioselective Rh-catalyzed cycloisomerization of 1,5-bis-(allenes),
which provides a versatile route for the synthesis of chiral five-membered ring (hetero)cycles. This
method is suitable for the synthesis of spiro carbocyclic compounds, which are valuable chiral
building blocks in organic synthesis. The reaction provides high yields of the desired products with
excellent diastereoselectivity and high enantioselectivity. The newly formed products possesses
both a branched alkene and a terminal alkyne moiety, providing opportunities for further
functionalization . This developed scaffold is similar to the structures of drugs such as
prostaglandins and natural products such as kainic acid 2. Furthermore, we demonstrate the
scalability of the reaction through a gram-scale synthesis. We also illustrate the synthetic utility of
the resulting 1,2-enyne cyclic products through several transformations. Density functional theory
(DFT) calculations and deuterium labelling experiments support the proposed reaction mechanism.
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Catalyzing the Enantioselective Tail-to-Head Terpene Cyclization inside
Optically Active Hexameric Resorcin[4]arene Capsules: Scope and Limitations

Giacomo Persiani*?, Daria Sokolova?, Konrad Tiefenbacher®?
!Department of Chemistry, University of Basel, Mattenstrasse 24a, BPR 1096, CH-4058 Basel,
Switzerland.
2Department of Chemistry, University of Oxford, 12 Mansfield Road, Oxford OX1 3TA, UK.
3Department of Biosystems Science and Engeeniring, ETH Zirich, Mattenstrasse 26, CH-4058
Basel, Switzerland.
Giacomo.persiani@unibas.ch

Mimicking the capabilities of terpene cyclases in the tail-to-head terpene cyclizations (THT)
represents a great challenge in asymmetric catalysis. Molecular containers, by entrapping
guests in a closed cavity, are able to mimic to some extend the enzymatic pockets of natural
enzymes. The hydrogen-bond-based resorcin[4]arene capsule, first reported by Atwood in
1997,' is able to catalyze the THT cyclization of terpenes by stabilizing the cationic
intermediates formed during the reaction cascade.? In this context, our group recently reported
the first examples of optically active mono-alkylated resorcin[4]arene capsules and their
application as supramolecular catalysts in the asymmetric THT cyclization of nerol.® Therefore,
demonstrating that the chirality transfer from a rather large molecular container
(approximately 1400 A) onto the encapsulated substrate is possible. In this work we enlarged
the scope of this supramolecular catalyst reporting 14 novel optically active resorcin[4]arene
capsule derivatives, exploring the tolerance of the self-assembling of such systems towards
structural modifications. Furthermore, the effects that these modifications have on the

enantioselectivity of the THT cyclization studied are presented.
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Developing roles for phosphates in systems chemistry
Kun Dai,* Mahesh D. Pol,* Lenard Saile,* Arti Sharma,* Henning J. Jessen *? and Charalampos
G. Pappas’”
1 DFG Cluster of Excellence Cluster of Excellence livMatS @FIT, University of Freiburg,
Georges-Kdhler-Allee 105, 79110, Freiburg, Germany.
2Institute of Organic Chemistry, University of Freiburg, Albertstrasse 21, 79104, Freiburg,
Germany.
charalampos.pappas@livmats.uni-freiburg.de

Phosphates and phosphate esters underpin biological information transfer, signal transduction,
and contribute to the energetics of life. Biochemical fuels that include phosphates (ATP, GTP)
drive selective processes, by incorporating chemical information (A vs. G) in their fuel structure.
Despite the multifaceted role of phosphates in biology, their use in supramolecular systems
chemistry remains largely underexplored. Herein, we aim to develop roles for phosphates
outside of biology and capitalize on the idea of providing chemical information within abiotic
phosphates to control selectivity and reactivity in the context of fuel-driven structure
formation. The information is provided by chemical functionalization of energy-rich phosphates
(Figure 1), whereby the information encode structural assembly of fuels prior to their
consumption, or transfer large chemical groups onto self-assembling species during energy
transfer. In particular, we demonstrate that aminoacyl phosphates® contain enough chemical
information and energy to trigger the selective formation of peptide oligomers and drive
orthogonal fueling in dynamic chemical networks. This strategy profoundly contrasts the
present non-equilibrium self-assembly research featuring fueling with molecules that lack
structural and recognition elements. In the long term, fabricating biocompatible dissipative
systems and developing automated platforms that guide fuels to specific functions will be a
decisive step toward creating dynamic assemblies in vivo and programming active soft matter.
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Figure 1: Designer abiotic phosphate fuels
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Identification of inositol phosphates and sugar

phosphates isomers
Mengsi Lu, Prof. Dr. Henning J. Jessen
Institute of Organic Chemistry, Albert-Ludwigs-University of Freiburg,
Albertstr. 21, 79104 Freiburg, Germany
mengsi.lu@ocbc.uni-freiburg.de

Inositol phosphates play an essential role in the biological world, such as in the regulation of
ion channel permeability,l) transcription and translation.[?) They are a type of molecule with
numerous stereoisomers, chromophore-free structures and a high charge density. The nature
of these salts results in analytical challenges. Recent deveopment of capillary electrophoresis
mass spectrometry (CE-MS) has been shown to be a powerful analysis approach for those salts,
especially the myo-inositol phosphates InsP3 to InsPs.B# However, for InsP and InsPy, it is
common to find excessive isomers of inositol phosphates, such as sugar phosphates, which
share the same mass and complex the assignment by CE-MS. Here we focus on the introducing
one possibility for solving the problem: the carbonyl group (hemiacetal) in sugar is specifically
transformed into other mass variable functional groups in a synthetic way. Hydroxylamine was
introduced in this case to covert carbonyl to oxime, which left the inositol phosphates
unchanged and identified in CE-MS.
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Biosample: wild-type HCT116Y¢ after 5 days of incubation with 10 uM of [*3Cg]-inositol in
inositol-free DMEMH. CE-MS: Blue curve: before reaction; red curve: after reaction
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Construction of 4-membered rings through an intramolecular C(sp3)-H
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1,4-Palladium shift has been established as an elegant approach towards the functionalization
of remote C—H bonds.%? However, its application is restricted to using aryl halides as precursors.
341n this work, we have successfully extended its application to C(sp?)—X alkenyl precursors. As
a result, we report an unprecedented cyclobutanation protocol towards fused cyclobutane
derivatives using alkenyl (pseudo)halides through a PdO-catalyzed C(sp3)—H activation process.
This reaction takes place via 1,4-Pd shift followed by intramolecular Heck coupling. The
methodology 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. Replacing the alkyl chain with N-methyl amides gives
access to fused azetidines via the same mechanism. Early kinetic studies indicate a primary
kinetic isotope effect establishing the C—H activation as the rate-limiting step, while deuterium
incorporation suggests an irreversible C(sp®)—H activation process.

X H Pd(PPh3)4 (10 mol%) Br Pd(PPhgz), (10 mol%)

/@2 KOPIv (2 eq) /@R H KOPiv (2 eq) @:]<R

1 1

R3 R, Toluene [0.05] Rs R, R Toluene [0.05] R,
Rz 140 °C, 16 h Ry 140 °C, 16 h

X = Br, OTf 65-92% 27-52.%
NMR yield

Pd,dbas (5 mol %)
PCyj (20 mol %)

Br, AdCO,H (30 mol %)
/@[ J KoCO3 (1.5 eq) /@:\\‘
R3 N Ry

2\ Toluene [0.05]
07 Ry 120°C, 16 h (e}

66-87%
NMR yield

1Shi, F.; Larock, R.C. Remote C—H Activation via Through-Space Palladium and Rhodium Migrations. Top. Curr.
Chem. 2009, 292, 123-164.

ZRahim A.; Feng J.; Gu Z. 1,4-Migration of Transition Metals in Organic Synthesis. Chin. J. Chem. 2019, 37, 929-
945.
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Chemical-Enzymatic Synthesis of Novel (p)ppGpp Derivatives and Their Bio-
Functional Study
Lingjun Li, Tingting Li, Henning J. Jessen
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Initially identified by Cashal and Gallant 1960s, pppGpp and ppGpp, collectively termed
(p)ppGpp (also named by Magic spot nucleotides, MSN) have been unveiled to function as
bacterial alarmones, controlling cellular growth under optimal conditions and in response to
environmental stress, especially after the prokaryotic organism was deprived of amino acids.
Although unique hyperphosphorylated structures of (p)ppGpp produce marked effects on their
interaction with the biological target ' , the molecular tools bearing the intact
hyperphosphorylated structures, at the same time having functional linkers including photo-
crossing tag, biotin, etc., remain less explored.

In this work, we develop a chemical-enzymatic method to prepare the novel 7-substituted
pppGpp derivatives (Figure 1). For the first time, we discovered that 7-iodo-substituted
deazopurine triphosphate and 7-alkynyl substituted deazopurine triphosphate can be
effectively accepted by Relseq protein as the effective substrate to produce pppGpp derivatives
with over 85% vyields. Interestingly, 7-iodo-pppGpp can bind HfIX protein with the almost same
binding affinity with pppGpp itself, and the 7-linked photo-crossing biotin-labeled pppGpp
probe works well to cross-link pppGpp binding protein in vitro assays. So, 7-substituted pppGpp
will offer a new kind of readily accessible and useful molecular tools for exploring the molecular
interaction of pppGpp and its binding proteins.

(A) (B)
o New handel for | or Alkynyl o
Nf‘\ functionlization: S
8 NH NH
4 4
01 9 2~ [l o e o mw
= HO*E*O*E*O*E‘*O 2 HO*E‘*O*E*O*E*O N 2
OH OH OH o OH OH OH o
Binding to HfIX protein
i B! (\)d' OH 9 Q OH kd (pppGpp) = 16.8 uM
= HO*IT"*O*F":O HO*F"*O*FT’ZO vs
OH OH OH OH Kd (ppplGpp) = 18.9 uM
Previous work: Our work:
(1) Step-wide chemical synthesis; (1) Effecient enzymatic synthesis by direct one-step
(2) Limitation on the modifications of phosphate pyrophosphorylation
motifs and C-8 of purine (2) New modifiable site for functionalization

Figure 1 Chemical-Enzymatic method to access 7-substituted pppGpp Derivatives

Yirving, S.E.; Choudhury, N.R.; Corrigan, R.M. The stringent response and physiological roles of (pp)pGpp in
bacteria. Nat. Rev. Microbiol. 2021, 19, 256-271.
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Dimethyl Naphthalenes: On the Way to Expanded Arenes

Malini George, Daniel B. Werz
Institute of Organic Chemistry, Albert-Ludwigs-University
Albertstralle 21, D-79104, Freiburg, Germany
e-mail: malini.george@chemie.uni-freiburg.de

The past decade has witnessed a remarkable growth in the successful synthesis of expanded
arenes which include expanded helicenes and kekulenes. These curved polycyclic aromatic
compounds have received considerable attention in the fields of supramolecular chemistry and
organic functional materials because of their interesting properties and promising applications.
But, most of the existing methods for the synthesis of such cycloarenes rely on multistep
tedious procedures. In contrast to that, here we use a simple two-step iterative process starting
from substituted dimethylnaphthalenes. Depending on the substitution patterns in
dimethylnaphthalenes and the way in which they have been fused, various cycloarenes such as
expanded helicenes and expanded kekulenes can be produced. Having inspired from the
previous works from our group,® here we follow a synthetic strategy which relies only on two
different oxidative steps. In the first step we will make use of the deprotonatable methyl groups
in the naphthalene ring to get ethano-bridged dimers by O’ Shea’s “LiINK metalation” process.?
These dimers are then oxidatively coupled with the hypervalent iodine reagent
[bis(trifluoroacetoxy)iodo]- benzene (PIFA) in the second step to get benzene-fused dimers.3
Various expanded cycloarenes can be then accessed via these repetitive oxidative dimerization

and dehydrogenation steps.
Bu
Bu ‘

PIFA O
BF 3 Et,0 > repeat
Il e =
L T
" 1J
Bu

Bu base

Bu
Br(CH,),Br
o >
Me @

Bu Bu

no transition metals O temperature controlled oxidative coupling

no light

1.(a) Freese, T.; Jones, P.G.; Werz, D. B. Org. Lett. 2022, 24, 1367-1371. (b) Patra, A.; Patalag, L.J; Jones, P. G.; Werz,
D. B. Angew. Chem., Int. Ed. Engl. 2021, 60, 747-752.

2. (a) Fleming, P.; O’Shea, D. F. J. Am. Chem. Soc. 2011, 133, 1698-1701. (b) Blangetti, M.; Fleming,P.; O’Shea, D.
F.J. Org. Chem. 2012, 77, 2870-2877.

3. Moreno, I.; Tellitu, I.; Dominguez, E. Eur. J. Org. Chem. 2002, 2126-2135.
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Elucidation of the formylglycine generating enzyme/Cd/O,/substrate
intermediate

S. B. Bolotova®?, J. H. Beale??, F. P. Seebeck'?
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3 Swiss Nanoscience Institute, University of Basel, Klingelbergstrasse 82, 4056

The formylglycine generating enzyme (FGE) is a mononuclear copper-dependent oxidase. FGE
is found in both prokaryotes and eukaryotes where it catalyses the conversion of specific
peptidyl-cysteine residues to formylglycine (fGly, Figure) in the maturation of fGly-dependent
sulfatases. ! Dysfunction of FGE causes a lysosomal storage disorder known as multiple
sulfatase deficiency. The ability of FGE to introduce aldehyde functions into recombinant
proteins has also been exploited as a tool for bioorthogonal conjugation. ?

SH O

/
S ng FGE - </ ng
o N R—NH ©

R—NH .
0,, 2e7, 2H H,S, H,0

Figure 1. FGE-catalyzed oxidation of peptidyl-cysteine to formylglycine.

FGE is a single-domain protein with a fold that exhibits an unusually low content of secondary
structure and a comparatively small hydrophobic core. The holoenzyme contains Cu' in the
active site, coordinated by two cysteines in a near-linear geometry. This coordination sphere is
more characteristic of copper-trafficking proteins than of redox-active copper-enzyme.

Upon binding, the cysteine residue on the peptidyl substrate ligates to the copper center, giving
rise to a tris-thiolate planar Cu' complex. 3 This geometry does not change upon binding of
molecular oxygen (0Oz) juxtaposed but not coordinated to the copper center. In this
presentation | will discuss the experiments we have designed to understand as to how the
coordination geometry changes when copper on O, combine to form the H-atom abstracting
species that is required to convert the peptidyl-cysteine to fGly.

1 Knop M., Dang T. Q., Jeschke G., Seebeck F. P. ChemBioChem 2017, 18, 161— 165.

2 Kruger T., Weiland S., Falck G., Gerlach M., Boschanski M., Alam S., Miiller K. M., Dierks T., Sewald N. Angew.
Chem. 2018, 57, 7245-7249.

$ Miarzlou D. A., Leisinger F., Joss D., Haussinger D., Seebeck F. P. Chemical Science. 2019, 10, 7049-7058.
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Synthetic Routes to (Poly-)Phosphorylated Myo-Inositol Derivatives

Marvin Busch, Nikolaus Jork, Kevin Ritter, Henning J. Jessen
Institute of Organic Chemistry, Albert-Ludwigs-University of Freiburg,
Albertstr. 21, 79104 Freiburg, Germany
marvin.busch@oc.uni-freiburg.de

Abstract

Myo-inositol polyphosphates (InsPs) serve essential tasks in eukaryotic cells like phosphate
storage and second messaging. Their most prominent representative - 1,4,5-InsPs - is the main
factor in controlling the cellular calcium signalling. Furthermore, there are other higher-
phosphorylated inositol-derived phosphates - InsP7 and InsPs isomers - that are important
factors in cellular signal transduction pathways, although their role could not yet be deciphered
precisely in all cases. However, to study the role of these InsPs they need to be synthetically
prepared first, which remains quite challenging, requiring several regio- and enantioselective
transformations resulting in molecules with a high charge density and labile anhydrides. Here
we present the current synthetic routes employed in our laboratory. While symmetric InsPs can
be accessed by the proficient use of protecting group chemistry alone, for asymmetric InsPs it
is necessary to use chiral phosphorylation reagents to induce a desymmetrisation of myo-
inositol beforehand. By introducing *¥0-labelled P-amidite precursors, “heavy” InsP derivatives
can be created and applied as standards in mass spectrometry analyses or for monitoring
cellular InsP uptake and metabolism. We further believe, that the chemistry shown here also
bears the potential to be utilised as an elegant method for (poly-)phosphorylation in many
other instances beyond the field of inositol phosphates.
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Synthesis of Endoperoxides for Reversible Storage of Oxygen

Vanessa Barth, Abhishek Sharma, Joscha Teichmann, Henning J. Jessen
Institute of Organic Chemistry, Albert-Ludwigs University of Freiburg,
Albertstrasse 21, 79104 Freiburg, Germany,
vanessa.barth@livmats.uni-freiburg.de

Oxygen can be reversibly stored in aromatic organic molecules as endoperoxides, emerging as
stimulus-responsive materials for the targeted release of oxygen.! During this cycloreversion,
both the more reactive, electronically excited singlet oxygen (*O2) and triplet oxygen in its
ground state (302) can be formed?, depending on the structure of the endoperoxide and leading
to different applications. However, there are only few examples providing controlled release of
oxygen at ambient temperature, which restricts their application possibilities.?

Here we show possible endoperoxide structures that could expand the range of applications.
Different triggers for the release of oxygen such as acid, light, mechanical stress, or
temperature will be investigated. Thereby, the analysis of the released oxygen is particularly
interesting to tune the structure as required. In addition to the already known fields of bacterial
control® or cell survival under anoxic conditions?, it will also be investigated whether the
endoperoxide structures and their released oxygen could be suitable as a driving force in
pneumatic systems.

potential application:

phtosensmzer

bacterial pneumatic cell survival
systems under anoxic conditions

alive

oy
S

possible trigger: %

o

Figure 1: Reversible reaction of anthracene scaffolds with oxygen to form endoperoxides and their potential
applications.

YImran, M.; Chen, M. S. Chemically Triggered Release of Singlet Oxygen from Bisphenalenyl Endoperoxides with a
Brgnsted Acid. Organic letters 2022, 24 (10), 1947-1952. DOI: 10.1021/acs.orglett.2c00340.
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of chemical research 2003, 36 (9), 668—675. DOI: 10.1021/ar010086g.

3 Wang, X.; Bittner, T.; Milanov, M.; Kaul, L.; Mundinger, S.; Koch, H.-G.; Jessen-Trefzer, C.; Jessen, H. J. Pyridinium
Modified Anthracenes and Their Endoperoxides Provide a Tunable Scaffold with Activity against Gram-Positive and
Gram-Negative Bacteria. ACS infectious diseases 2021, 7 (8), 2073—2080. DOI: 10.1021/acsinfecdis.1c00263.

4 Bengz, S.; Notzli, S.; Siegel, J. S.; Eberli, D.; Jessen, H. J. Controlled oxygen release from pyridone endoperoxides
promotes cell survival under anoxic conditions. Journal of medicinal chemistry 2013, 56 (24), 10171-10182. DOI:
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Assemblies and reactivity of preorganized amino acyl phosphates towards
selective peptide coupling
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University of Freiburg, Albertstrasse 21, 79104, Freiburg, Germany.
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Phosphates and phosphate esters regulate and enable almost all biological functions. In
particular, phospholipid diester head groups that are covalently attached to lipid tails are the
universal building blocks for biological membranes, serving as barriers. However, outside of
biology, coupling of lipids with selective processes remain challenging. Herein, we overcome
these challenges, through the design and assembly of amino acyl phosphates. (APs).* We have
introduced modifications in the amino acid sequence of such building blocks with hydrophobic
residues and in the phosphate moiety with long carbon chains. These modifications result in
preorganization of APs into micellar and vesicular compartments, driving selective peptide
coupling from a pool of amino acids. The assembly protects the activated phosphates from
hydrolysis and from other nucleophiles, but selectively recognizes charged amino acid residues
(Figure 1). In contrast, less hydrophobic APs that remain dissolved give rise to a random mixture
of peptide sequences when mixed with different amino acids in aqueous conditions. Moreover,
we have followed the reaction pathways with other nucleophiles (thiols and alcohols) to
understand the way in which structure and reactivity cross-regulate. In future, we will
investigate the effect of preorganization on non-equilibrium processes and how lipids can act
as solubilizing agents in chemical reaction networks.
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Figure 1. Preorganization of amino acyl phosphates towards selective peptide coupling.

1 Kluger, X. Li, and R. W. Loo, Can. J. Chem. 1996, 74, 2395-2400.
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Synthesis of 2-aminoindenone derivatives through an ynamide
carbosilylation / Houben-Hoesch cyclization 2-step sequence

Pierre Hansjacob, Célia Schwoerer, Frédéric R. Leroux and Morgan Donnard*
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Université de Strasbourg, CNRS, Université de Haute-Alsace
ECPM, 25 rue Becquerel, 67000 Strasbourg — France
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While the general synthesis of 1-indenone scaffolds has been extensively studied, the selective
access to heteroatom-substituted indenones and more especially 3-substituted
2-aminoindenones remains a challenge!. With this in mind our group has previously
developped a method to form 2-aminoindenone derivatives through a Larock annulation
between ynamides and ortho-iodobenzaldehydes?. Given the moderate regioselectivity
observed in some cases, we have recently designed a 2-step sequence to access silylated
2-aminoindenones in a highly regioselective manner. The sequence starts with a silylcyanation
of an ynamide? followed by a cyclization via an intramomecular Houben-Hoesch reaction*. The
resulting 2-aminoindenones could be valorized through iododesilylation giving access to
various cross-coupling reactions. Interestingly some substrates bearing a sulfonamide allowed
the obtention of stable 2-aminoindenimines which could be valorized via transformation of the
imino group.
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Figure: 2-Step sequence for the selective synthesis of silylated 2-amino-indenones
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Regio- and stereoselective halogenation reactions of SFs-alkynes
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SFs-Containing haloalkenes are usually obtained by the addition of SFsX gas (X = ClI, Br) onto the
corresponding terminal alkynes but the E-stereoselectivity is usually observed under radical
condition, ' or a mixture of E/Z isomers under thermal conditions. ? Surprisingly, the
hydrohalogenation of SFs-alkynes is so far limited to a single example of hydrofluorination under gold-
catalyzed conditions giving the Z-fluoroolefin in low yield.® Recently, our group proved that SFs-
alkynes are highly reactive toward the addition of N-, O-, and S-nucleophiles yielding in all cases a
single regio- and stereoisomer.* We then wondered if the SFs-alkynes could react both as
electrophiles or nucleophiles depending on the reaction conditions, so we selected the
hydrohalogenation as benchmark reactions. Herein is presented efficient strategies to perform
hydrohalogenation with all the halogens (I, Br, Cl and F) and methods to access both the E and the
Z-SFs-haloalkenes following two different mechanisms, with relative configuration of all the
stereoisomers confirmed by X-ray diffractions. Dihalogenation reactions with I, ICl and Br; are also
discussed. Moreover, preliminary DFT calculations are presented to confirm the reaction mechanisms
and to explain the high regio- and stereoselectivity.

Conditions X SFy R SFy R SFs5
R————SF; > Y— or —/ or —
X=1Br,ClF R X X X
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Fluorinated groups are ubiquitous in bioactive compounds as they can greatly improve their
physico-chemical properties.! For example, one can tune the lipophilicity of a molecule by
introducing appropriate fluorinated chains. The metabolic stability and the potency of active
ingredients can also be significantly impacted by the introduction of fluorinated groups.

Our work is focused on N-polyfluoroalkylation methodologies to access key intermediates with
agrochemical and pharmaceutical applications. Based on our expertise in sulfuryl fluoride
(SO,F2) mediated activation of fluorinated alcohols,?® we took advantage of this reactivity to
achieve the N-polyfluoroalkylation of weakly nucleophilic nitrogen-containing compounds to
access building blocks of high value in Life Sciences.*®

Access to valuable building blocks
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Within the last decades, much attention from the chemical community has been directed at
the development of asymmetric reactions.! Having a tetrahedral configuration, nitrogen with
three different substituents is a stereogenic center too. Such tertiary amines, however, usually
do not show optical activity due to a low energy of the nitrogen inversion, which results in a
rapid racemisation (Fig. 1). This inversion can be stopped by a conformational strain such as the
one observed in Troger's base, or by a quaternization of the nitrogen atom.
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Figure 1. Nitrogen (or “umbrella”) inversion vs. conformationally stable salt.

Chiral ammonium salts are widely used as phase-transfer catalysts and stereo-controlling
cations?; they can be found in nature and some exhibit pharmacological activity®. Current
strategies for the synthesis of such compounds are based on the resolution techniques of
diastereoselective adducts or salts.* Recently we published the first example of the Pd-
catalyzed enantioselective allylation of tertiary amines, where we could realize excellent
conversions and significant stereoselectivities. Hence, our research is focused on the dynamic
kinetic resolution of racemic amines with a stereogenic nitrogen centers via TM-catalyzed
transformations.
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Figure 2. Dynamic kinetic resolution of tertiary amines by asymmetric allylation.
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Dextro- and leevo-a-benzylphenylallylmethylammonium iodides and bromides. J. Chem. Soc., Trans. 1899, 75,
1127-1131.
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Epigenetic therapy is a promising approach to treat cancer due to the reversible nature of
epigenetic modifications. Writer enzymes, such as histone lysine methyltransferases (KMTs)
catalyze the methylation of the amino group of lysine on histone tails. A number of KMTs
were shown to be overexpressed in different tumor cells and to have a role in cancer
development. Targeting these enzymes, several candidates of small-molecule inhibitors
have already reached the clinical phase. In addition, the first KMT drug, Tazemetostat was
approved by the FDA in 2020.

The Schile group identified KMT9 as an active histone lysine methyltransferase that
monomethylates histone H4 on lysine 12 (H4K12me)!. Upon knockdown of KMT9, prostate
cancer cells and colon cancer cells> were going into apoptosis, furthermore lung cancer
cells* were going into non-apoptotic cell death. However, healthy cells remained
unaffected, making KMT9 a promising drug target. Therefore, we set up a structure-based
inhibitor program to target KMT9 in collaboration with the Schiile group. Through hit-to-
lead optimization, we successfully synthesized highly potent (low nM) KMT9 inhibitors with
great selectivity over 41 other methyltransferases in vitro. These synthesized cofactor
analogues are bisubstrate inhibitors of KMT9, because they occupy both the cofactor
binding pocket and the substrate channel of the enzyme.

Antiproliferative effect of the optimized lead molecules was also detected in prostate
cancer cells. However, the performance of the compounds was not satisfactory in order to
go to the next stage of the preclinical development. Therefore, further SAR studies and
optimization of the physicochemical properties of the molecules are currently ongoing to
gain optimal activity in cells.

This work was supported by the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) through CRC 992 (Project ID 192904750) and RTG1976 (Project ID 2060043005)

1 Metzger et. al, KMT9 Monomethylates Histone H4 Lysine 12 and Controls Proliferation of Prostate Cancer
Cells. Nature Structural & Molecular Biology 2019, 26 (5), 361-371.

2 Berlin et. al, KMT9 Controls Stemness and Growth of Colorectal Cancer. Cancer Research 2022, 82 (2),
210-220.

3 Baumert et. al, Depletion of Histone Methyltransferase KMT9 Inhibits Lung Cancer Cell Proliferation by
Inducing Non-Apoptotic Cell Death. Cancer Cell International 2020, 20 (1).
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Boron dipyrromethene (BODIPY) structures have been an interest of research for many decades
now, because they have promising properties as chromophores. Some of those properties
include absorption and emission in the red or near-infrared region,* high fluorescence quantum
yields? and the possibility of modifications® and functionalization of the core structure.* This
renders BODIPYs an object of interest for interdisciplinary sciences, e.g. as fluorescent dyes,
biological labels or to be used in OLEDs.3

In this work the bridging of two BODIPY-subunits by a single carbon unit followed by an
oxidative cyclization was investigated. In contrast to previous studies of carbon-bridged
BODIPYs, this work introduces a different synthetic approach starting with the fully formed
BODIPY unit. Additionally, the formed five-membered ring connects the BODIPYs in the § and
B’ position. This forces the molecule into a helical structure once three or more BODIPY units
are connected.

Scheme 1. Synthesis of B/B’ fused BODIPYs by oxidative cyclization.

! Nakamura, M., Tahara, H., Takahashi, K., Nagata, T., Uoyama, H., Kuzuhara, D., ... & Uno, H. m-Fused bis-BODIPY
as a candidate for NIR dyes. Org. Biomol. Chem. 2012, 10, 6840-6849.

2Yu, C, Jiao, L., Li, T., Wu, Q., Miao, W., Wang, J., ... & Hao, E. Fusion and planarization of bisBODIPY: a new
family of photostable near infrared dyes. Chem. Comm. 2015, 51, 16852-16855.

3 patra, A., Patalag, L. J., Jones, P. G., & Werz, D. B. Extended Benzene-Fused Oligo-BODIPYs: In Three Steps to a
Series of Large, Arc-Shaped, Near-Infrared Dyes. Angew. Chem. Int. 2021, 60, 747-752.

4 patalag, L. J., Hoche, J., Holzapfel, M., Schmiedel, A., Mitric, R., Lambert, C., & Werz, D. B. Ultrafast resonance
energy transfer in ethylene-bridged BODIPY heterooligomers: from Frenkel to Férster coupling limit. J. Am.
Chem. Soc. 2021, 143, 7414-7425.
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The Kobayashi-aryne precursor has proven valuable for the 1,2-functionalization of arynes,
granting access to a multitude of diversely substituted aromatic systems.! The addition of
(transition)metals can play a key role in these transformations, extending the scope of possible
addition partners for the aryne.? Copper has been used in the past, mainly for the addition of
alkynes'? and also in combination with chalcogen electrophiles.®> Herein, we report a
transformation where sub-stoichiometric amounts of copper-(ll) salts enable the halo-
chalcogenation of arynes, using potassium halides and seleno- or thiosulfonates as halogen-
and electrophilic chalcogen sources respectively. The copper appears to act as a sulfinate
scavenger, preventing competition amongst the present nucleophiles and thus enabling a
smooth reaction.

Scheme 1. Copper-(ll) salts are capable of scavenging sulfinate ions, preventing side
reactions.
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1 Shi, J.; Ui, L; Li, Y. o-Silylaryl Triflates: A Journey of Kobayashi Aryne Precursors, Chem. Rev. 2021, 121, 3892.

2 Garve, L. K. B.; Werz, D. B. Pd-Catalyzed Three-Component Coupling of Terminal Alkynes, Arynes, and Vinyl
Cyclopropane Dicarboxylate, Org. Lett. 2015, 17, 596.

3 Xianglong, P.; Ma, M.; Tung, C.-H.; Xu, Z. Cu-Catalyzed Three-Component Coupling of Aryne, Alkyne, and
Benzenesulfonothioate: Modular Synthesis of o-Alkynyl Arylsulfides, Org. Lett. 2016, 18, 4154.
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Sustainable and environmentally friendly processes are called chemists to move towards new methods
according to green chemistry principles? including energy reduction, atom economy, catalysis, less
hazardous chemical waste, selective and efficient synthesis. A transition into sustainable processes is
required, a photocatalysis branch stands out, the redox photocatalysis. This concept offers reduced
environmental impact of chemical processes including energy consumption by lowering temperature
and pressure and using a sustainable source of energy such as sunlight? and waste production by
limiting the use of organic solvents and improving selectivity®. Heterogenization of the photocatalyst
appears to be a valuable solution to reach sustainable processes. Rapid and efficient synthesis of new
supported photocatalyst is still a remaining challenge and the choice of the support material is crucial.
Thanks to their stability and versatility, silica-based porous material seems to be an interesting
alternative to metal nanoparticles and polymers. The present project aims at preparing a new
generation hybrid inorganic/organic photocatalysts and evaluate their performances in challenging
organic transformations®.
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BODIPYs have found wide-ranging applications in interdisciplinary research, e.g. as
fluorescence tags, fluorescence imaging, photodynamic therapy, photosensitizers and -catalyst
and -cages.* While a vast pool of post-functionalization methods has been developed to access
the desired compounds, the traditional synthetic route limits the range of groups that can be
installed in the meso-position of BODIPYs to those which are available as carbonyl precursors.
For others, like alkynes, lengthy synthesis routes need to be taken.?

Here, we present an alternative retrosynthetic approach which led us via a C-N disconnection
to an aminopalladation® cascade that gives dipyrromethenes which were then transformed to
BODIPYs. Hereby, the residue in the meso-position is introduced through the termination step,
either with a boronic acid by a Suzuki-Miyaura cross-coupling or with a terminal alkyne through
a Sonogashira cross-coupling. In the case of the Suzuki-Miyaura cross-coupling termination it
was also possible to install the aryl group already at the triple bond of the precursor and deliver
the pyrrole moiety as the boronic acid. We also showed that this method allowed access to
hitherto unknown nitrogen-enriched BODIPYs.

Scheme 1. Accessing BODIPYs via a C-N Disconnection Approach by Employing an Aminopalladation Cascade
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2007, 107, 4891-4932.; Leen, V.; Yuan, P.; Wang, L.; Boens, N.; Dehaen W. Synthesis of Meso-Halogenated
BODIPYs and Access to Meso-Substituted Analogues, Org. Lett. 2012, 14, 6150-6153.
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Cyclopropanones, the smallest congeners of cyclic ketones, have been found to be highly
reactive intermediates in organic synthesis which is mostly attributed to high ring strain.!
Although their synthesis and handling have some limitations, cyclopropanone equivalents such
as hemiacetals can be readily accessed and used as precursors for the in situ formation of
cyclopropanones.? However, harsh reaction conditions are usually required for the generation
of cyclopropanones from their hemiacetals that mostly interfere with the reactivity of
cyclopropanones themselves. This major limitation can be circumvented using
1-sulfonylcyclopropanols that allow in situ access to cyclopropanones under mild reaction
conditions by a-elimination of sulfinates.? In addition, strategies were developed for the
synthesis of enantioenriched 1-sulfonylcyclopropanols that react in an asymmetric fashion
once degraded to the corresponding cyclopropanones.
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Scheme 1: Insertion of aldehydes in enantioenriched cyclopropanones derived from 1-sulfonylcyclopropanols.

While cyclopropanones show high tendency for ring expansion to cyclobutanones via well
studied [1,2]-shifts, the more challenging [1,3]-shifts to five-membered ring systems are only
moderately examined.> We reasoned that cyclopropanones, due to their high strain, should
even be electrophilic enough to be nucleophilically attacked by aldehydes via their carbonyl
oxygen atom, setting the stage for [1,3]-ring expansion to y-butyrolactones in a single reaction
step. This led our attention to the stereoselective synthesis of difunctionalized y-butyrolactones
by the insertion of aldehydes into enantioenriched cyclopropanones derived from
1-sulfonylcyclopropanols (Scheme 1).

1a) N.J. Turro, Acc. Chem. Res. 1969, 2, 25-32. b) J. Salaun, Chem. Rev. 1983, 83, 619-632. c¢) Y. Jang, R. Machin-
Rivera, V. N. G. Lindsay, Synthesis, 2021, 3909-3934.

23a) H. H. Wasserman and D. C. Clagett, J. Am. Chem. Soc. 1966, 88, 5368-5369. b) H. H. Wasserman, R. E.
Cochoy, M. S. Baird, J. Am. Chem. Soc. 1969, 91, 2375-2376.

3a) ). Liu, Y. An, H.-Y. Jiang, Z. Chen, Tetrahedron Lett. 2008, 49, 490-494. b) J. Liu, Y. An, Y.-H. Wang, H.-Y. Jiang,
Y.-X. Zhang, Z. Chen, Chem. Eur. J. 2008, 14, 9131-9134. c) R. Machin Rivera, Y. Jang, C. P. Poteat, V. N. G.
Lindsay, Org. Lett. 2020, 22, 6510-6515. d) Y. Jang and V. N. G. Lindsay, Org. Lett. 2020, 22, 8872—-8876.

43) C. P. Poteat, Y. Jang, M. Jung, J. D. Johnson, R. G. Williams, V. N. G. Lindsay, Angew. Chem. Int. Ed. 2020, 59,
18655-18661. b) C. P. Poteat and V. N. G. Lindsay, Org. Lett. 2021, 23, 6482—-6487.

>a) ). T. Carey and P. Helquist, Tetrahedron Lett. 1988, 29, 1243—-1246. b) V. Reydeliet and P. Helquist,
Tetrahedron Lett. 1989, 30, 6837-6840.
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Epigenetic mechanisms are involved in numerous diseases, including cancer development and
immunological microbial infections. In order to promote their own survival, many viral,
bacterial, and eukaryotic pathogens that infect mammalian cells have developed co-evolved
ways to alter the expression profile of their host cells. The epigenetic mechanisms causing such
host cell subversion are still poorly understood, despite the grave repercussions for human
health. Parasites of the genus Leishmania subverts the function of the macrophage lysine
specific demethylase 1 (LSD1) to establish permissive conditions for intracellular parasite
survivall. LSD1 (aka KDM1A) is a FAD-dependent amine oxidase that removes methyl groups
from mono- and demethylated lysine 4 and 9 residues of histone H3 (H3KS/4melme2)?. It was
shown that a leishmania infection causes histone H3 demethylation at the activating H3K4 and
repressive H3K9 marks which is linked with the suppression of inflammatory gene expression?.
By developing chemical inhibitors of LSD1, the pathogenic mechanism of Leishmania could be
reversed and these could then be recognized and destroyed by macrophages without,
however, destroying the macrophage itself.

Therefore, chemical degraders (proteolysis targeting chimeras — PROTACs) were synthesized.

PROTACs are heterobifunctional molecules that simultaneously bind a target protein and an E3
ubiquitin ligase. Through such a ternary complex, the target protein and ligase are brought into
close distance by the PROTAC. This allows multiple ubiquitinylation of the target protein by the
E3 ligase. Modification with polyubiquitin is recognized by the proteasome and leads to
proteasomal degradation.

Additionally for cellular target-engagement analysis, biotinylated LSD1 inhibitors scaffold,
based on tranylcypromine, was designed, and synthesized.

1 Arango Duque G, Descoteaux A. Leishmania survival in the macrophage: where the ends justify the means. Curr
Opin Microbiol. 2015:32-40.

% Song Y, Zhang H, Yang X, Shi Y, Yu B. Annual review of lysine-specific demethylase 1 (LSD1/KDM1A) inhibitors in
2021. Eur J Med Chem. 2022 228:114042.

3 Lecoeur H, Prina E, Rosazza T, Kokou K, N'Diaye P, Aulner N, Varet H, Bussotti G, Xing Y, Milon G, Weil R, Meng
G, Spath GF. Targeting Macrophage Histone H3 Modification as a Leishmania Strategy to Dampen the NF-
kB/NLRP3-Mediated Inflammatory Response. Cell Rep. 2020; 30(6):1870-1882.e4
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Inositol pyrophosphates (PP-InsPs) are a class of highly phosphorylated molecules, acting
as second messengersll. Depending on the pyrophosphate position, different roles have
been described. While the biological functions of some isomers (e.g. 5-PP-InsPs) are well
studied (e.g. phosphate homeostasis), new fields are still discovered (e.g. regulation of
glycolysis)®?l. Isomers (4/6-PP-InsPs and 2-PP-InsPs) with yet unknown functions were
identified in biological samples recently by capillary electrophoresis mass-spectrometry
(CE-MS)EBL. To unravel their roles, chemical synthesis is still crucial. Even the most recent
procedures rely on sophisticated multi-step procedures, e.g. leading to 5-PP-InsPs in an
overall yield of 2% starting from myo-inositol 4. Here we report a general one-pot-protocol
to access all PP-InsPs-enantiomers in up to 44% vyield, starting from the respective
InsP1 x tetrabutylammonium (TBA) salts. Selective phosphorylation of the unprotected
phosphate of InsP1 was followed by global phosphorylation of the five residual unprotected
alcohols. Subsequent in-situ de-protection of all phosphates led to unmodified PP-InsPs.
All enantiomers were accessible using this procedure. Enzymatic access to specific InP1
derivatives renders this methodology an interesting alternative to established
procedures(>6l,

[1] R. F. Irvine, M. J. Schell, Nat. Rev. Mol. Cell Biol. 2001, 2, 327-338.

[2] N. Qin, L. Li, X. Ji, R. Pereira, Y. Chen, S. Yin, C. Li, X. Wan, D. Qiu, J. Jiang, et al., Cell 2023,
186, 748-763.e15.

[3] D. Qiu, C. Gu, G. Liu, K. Ritter, V. B. Eisenbeis, T. Bittner, A. Gruzdev, L. Seidel, B. Bengsch, S. B.
Shears, et al., Chem. Sci. 2023, 14, 658-667.

[4] M. L. Shipton, F. A. Jamion, S. Wheeler, A. M. Riley, F. Plasser, B. V. L. Potter, S. J. Butler, Chem.
Sci. 2023, 14, 4979-4985.

[5] K. S. Bruzik, Z. Guan, S. Riddle, M.-D. Tsai, J. Am. Chem. Soc. 1996, 118, 7679—-7688.

[6] R. K. Harmel, R. Puschmann, M. Nguyen Trung, A. Saiardi, P. Schmieder, D. Fiedler, Chem. Sci.
2019, 10, 5267-5274.
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Inorganic polyphosphate (polyP), an ubiquitous molecule composed of multiple
orthophosphates linked by phosphoanhydride bonds, is no longer regarded as a “forgotten
polymer” .t In recent years, the synthesis of defined polyPs was established? and many different
biological functions of polyP have been discovered.? One of them is the covalent attachment to
lysine residues, a new nonenzymatic post-translational modification. It is known that lysine
polyphosphorylation occurs in polyacidic serine and lysine (PASK) rich clusters, however, the
mechanism is not yet understood. The state-of-the-art method for analyzing lysine
polyphosphorylation is a band shift-up on NUPAGE, which requires long polyP-chains to be
detectable.* Here we show the synthesis of fluorescent and FRET labelled short-chain inorganic
polyphosphate to study lysine polyphosphorlyation in model proteins. A bidirectional approach,
which uses the triphosphorylation reagent cyclic pyrophosphoryl-phosphoramidite (c-PyPA) 1,
enables fast access to symmetrical-modified polyPs, while the monodirectional approach
allows to install different modifications at the termini (Figure 1). Synthetic fluorescent labelled
polyP with a defined chain length facilitates analysis by mass spectrometry and the
fluorescence makes the detection on NuPAGE independent on the length of the polyP.
Furthermore, FRET labelled polyP will help to monitor lysine polyphosphorylation in living cells.
The synthesized modified polyPs will hopefully enable to understand how polyP modifies target
proteins non-enzymatically.
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Figure 1: Overview of the mono- and bidirectional approach using c-PyPA 1 to obtain polyP chains of
defined length with modified ends and schematic presentation of lysine polyphosphorylation.

1 Kornberg, A. J. Bacteriol. 1995, 177, 491-496. % Singh, J.; Steck, N.; Jessen, H.J. Angew. Chem. Int. Ed. 2019, 58,
3928-3933. 3 Desfougeres, Y.; Saiardi, A.; Azevedo, C. Biochem. Soc. Trans. 2020, 48, 95-101. * Azevedo, C.;
Livermore, T.; Saiardi, A. Molecular Cell. 2015, 58, 71-82.
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Saturated five-membered rings (e.g. pyrrolidine, tetrahydro-furan and cyclopentane) bearing
tertiary alcohols are common structural motifs in various biologically active compounds.?
Consequentially, numerous methods have been established for the preparation thereof.?
Among them, formation of the tertiary alcohol via direct cross coupling between the
corresponding carbonyl and a m-system is highly desirable.* Herein, we report a visible-light-
induced, intramolecular, reductive cyclisation of ketones with an unsaturated hydrocarbon
moiety. In contrast to conventional protocols requiring resource precious or hazardous metal
sources, this method enables facile access to ketyl radicals under metal-free and mild reaction
conditions. By polarity-reversed, ketyl radical hydroalkoxylation of alkynes and allenes, a variety
of five-membered (hetero-)cyclic products were generated in good vyields with good to
excellent stereoselectivities. The embedded homoallylic tertiary alcohol could be transformed
into other useful functionalities, highlighting the synthetic utility of this reaction. This efficient
and sustainable ketyl-alkynes/allenes cross coupling also features broad functional group
tolerance and scalability.

1 Tang, N.; Zachmann, R. J.; Xie, H.; Zheng, J.; Breit, B. Visible-light induced metal-free intramolecular reductive
cyclisations of ketones with alkynes and allenes. Chem. Commun., 2023, 59, 2122-2125.

2Ma, D.; Yu, S.; Li, B.; Chen, L.; Chen, R;; Yu, K.; Zhang, L.; Chen, Z.; Zhong, D.; Gong, Z.; Wang, R.; Jiang, H.; Pei, G.
Synthesis and Biological Evaluation of 1,3,3,4-Tetrasubstituted Pyrrolidine CCR5 Receptor Antagonists. Discovery
of a Potent and Orally Bioavailable Anti-HIV Agent. ChemMedChem, 2007, 2, 187-193.

3 péter, A.; Agasti, S.; Knowles, O.; Pye, E.; Procter, D. J. Recent advances in the chemistry of ketyl radicals. Chem.
Soc. Rev., 2021, 50, 5349-5365.

*Hong, L. P. T.; Chak, C.; Donner, C. D. Approach to the functionalized cyclopentane core of marine prostanoids
by applying a radical cyclization of B-disubstituted acrylates. Org. Biomol. Chem., 2013, 11, 6186-6194.
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Various types of oligo-BODIPYs have already been shown to exhibit useful properties such as
high quantum yields and outstanding attenuation coefficients. Whereas cyclic oligomers have
been reported recently, we herein present linear N-bridged BODIPYs.2 The key step of their
synthesis is a Buchwald-Hartwig cross-coupling reaction of the respective monomers to
provide both symmetric and asymmetric examples. With these N-linked BODIPY dimers in
hand, we were also able to enlarge the rr-system by subsequent oxidation, leading to the
formation of a novel tripyrrolic subunit (cf. Scheme 1).

a) R? R’
Me Me Buchwald-Hartwig
R / N/ N// . \\N \N A R? Amination >
\IB\/ \IB\/
Me F F Cl H,N F F Me

Oxidation

Scheme 1: a) Synthetic route towards nitrogen-bridged BODIPYs; b) Crystal structure of pyrrole-fused BODIPY dimer.

1a) L. J. Patalag, L. P. Ho, P. G. Jones, D. B. Werz, J. Am. Chem. Soc. 2017, 139, 15104-15113; b) A. Patra, L. J.
Patalag, P. G. Jones, D. B. Werz, Angew. Chem. Int. Ed. 2021, 60, 747-752.
2Y. Rao, L. Xu, M. Zhou, B. Yin, A. Osuka, J. Song, Angew. Chem.Int. Ed. 2022, 61, e202206899.
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Solvents are acknowledged to hold significant environmental impact, accounting up to 90% of
the mass utilization in a given chemical reaction. As one of the largest users of organic solvents,
the pharmaceutic industry, have made it a priority these last 20 years to make their production
greener by the minimization, replacement, recycling or removal of said solvents?.

In medicinal chemistry, transition metal catalysed coupling reactions play an important role by
facilitating diverse bond formations?; such as the formation of an aromatic carbon-nitrogen
bond through the Buchwald-Hartwig amination reaction®. However effective, these reactions
necessitate the use of organic solvents, making them costly to the environment, and making
the scale-up pharmaceutical manufacturing disadvantageous.

Mechanochemistry?, is the discipline based on the use of mechanical energy generated
through milling or grinding for chemical transformation. It has experienced a significant
comeback thanks to its applicability to green chemistry®. Through avoiding the use of bulk
solvents, solvent-free mechanochemical reactions provide safer reaction conditions for the
environment and profitable conditions for industrial applications.

Although the use of various metal-catalysed reactions under mechanochemical reaction
conditions have been investigated®, few publications can be found for Buchwald-Hartwig
aminations 9.

In our lab, we developed alternative conditions for the C-N bond formation using [Pd(allyl)Cl]2
and Buchwald monophosphine ligands.

Pd, Ligand, Base

Green Chemistry

(1) Kar, S, etal. 2022, 122 (3), 3637-3710.

(2) Magano, J. ; et al. Chem. Rev. 2011, 111 (3), 2177-2250.

(3)  Ruiz-Castillo, P; Buchwald, S. L. Chem. Rev. 2016, 116 (19), 12564—12649.

(4) Do, J-L.; Fri&&i¢, T. ACS Cent. Sci. 2017, 3 (1), 13-19.

(5) Anastas, P; Eghbali, N. Chem. Soc. Rev. 2010, 39 (1),

(6) Kubota, K.; Ito, H.Trends in Chemistry 2020, 2 (12), 1066—1081.

(7) Shao, Q.-L.; Jiang, Z-).; Su, W-K. Tetrahedron Letters 2018, 59 (23), 2277-2280.
(8) Kubota, K.; et al. Nat Commun 2019, 10 (1), 111.

(9) Cao, Q.; etal. Org. Biomol. Chem. 2019, 17 (7), 1722-1726.
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Assigning the Absolute Configuration of Inositol Poly- and Pyrophosphates by
NMR Using a Single Chiral Solvating Agent

K. Ritter, N. Jork, A.-S. Unmiifsig and H. J. Jessen*

Institute of Organic Chemistry, University of Freiburg, Albertstr. 21, 79104 Freiburg, Germany
kevin.ritter@oc.uni-freiburg.de

)

A pi hhmw,nwiUbJLﬂmmw

M
M}Lﬁ (1:1 mixture with L-Arg-NH,) M

o y it
—

—

(1:1 mixture without L-Arg-NH,)

Inositol phosphates constitute a family of highly charged messenger molecules that
play diverse roles in cellular processes. The various phosphorylation patterns they
exhibit give rise to a vast array of different compounds. To fully comprehend the
biological interconnections a precise molecular identification of each compound is
crucial. Since the myo-inositol scaffold possesses an internal mirror plane,
enantiomeric pairs can be formed. Most commonly employed methods for analyzing
InsPs have been geared towards resolving regioisomers, but they have not been
capable of resolving enantiomers. In this study, we present a general approach for
enantiomer assignment using NMR measurements. To achieve this goal, we used 3'P-
NMR in the presence of L-arginine amide as a chiral solvating agent, which enables
differentiation of enantiomers.! Using chemically synthesized standard compounds
allows for an unambiguous assignment of the enantiomers. This method was applied
to highly phosphorylated inositol pyrophosphates, as well as to lower phosphorylated
inositol phosphates and bisphosphonate analogs.? By isolating naturally occurring
compounds from cells, our method will facilitate the assignment of biologically relevant
isomers.

1 Bluher, D.; Laha, D.; Thieme, S.; Hofer, A.; Eschen-Lippold, L.; Masch, A.; Balcke, G.; Pavlovic, I.; Nagel, O.;
Schonsky, A.; et al. Nat Commun 2017, 8, 2159.
2 Unpublished Data
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Since the discovery of sulfonamide antibacterials,* sulfonamides have played a key role
in medicinal chemistry. The cyclic counterparts of sulfonamide compounds (sultams) display
enhanced biological activities compared to their acyclic congeners.? Although not found in
nature, these amide surrogates are considered privileged motifs that have found diverse
applications in drug discovery. In view of our previous results on CFs-substituted N-
allenamides?, we anticipated that deprotonation at the a-position of the sulfonyl moiety of N-
sulfonyl-allenamides might initiate an anionic cyclization to produce cyclic sulfonamides.

N-mesyl based trifluoromethyl-N-allenamides were transformed into y-sultams upon
treatment with tetra-n-butylammonium fluoride (TBAF). Cyclic sulfonamides bearing an ene-
gem-difluorinated tether could be obtained by addition of acetic acid to the ammonium salt,
whereas TBAF alone provided the corresponding trifluorinated ethyl sultams. A combined
experimental and computationnal mechanistic study suggested that this transformation
involves a 5-endo-dig cyclization on the ene-ynamide generated in situ.*
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1J.E. Lesch, The First Miracle Drugs: How the Sulfa Drugs Transformed Medicine, Oxford University Press, Oxford,
2007.

2Debnath, S.; Mondal, S. Sultams: Recent Syntheses and Applications: Sultams: Recent Syntheses and Applications.
Eur. J. Org. Chem. 2018, 2018, 933-956.

3 (a) Zheng, Y.; Moegle, B.; Ghosh, S.; Perfetto, A.; Luise, D.; Ciofini, |.; Miesch, L. Copper-Catalyzed Synthesis of
Terminal vs. Fluorine-Substituted N -Allenamides via Addition of Diazo Compounds to Terminal Ynamides. Chem.
Eur. J. 2022, 28, doi:10.1021/acs.orglett.1c01876. (b) Hourtoule, M.; Miesch, L. Regio- and Stereoselective
Addition to Gem -Difluorinated Ene—Ynamides: Access to Stereodefined Fluorinated Dienes. Org. Lett. 2022, 24,
3896—-3900.

4 Gommenginger, C.; Zheng, Y.; Maccarone, D.; Ciofini, I.; Miesch, L. TBAF-Promoted Carbanion-Mediated
Sulfonamide Cyclization of CFs-substituted N-Allenamides: an Access to Fluorinated y-Sultams. Org. Chem. Front.
2023, submitted.
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Photoredox/Palladium Dual Catalysis
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The construction of diverse alkylamines is of importance to drug discovery programmes and
nature products synthesis. Herein, we report the efficient photoredox/palladium dual catalytic
construction of protected 1,2-amino alcohols and 1,2-diamines via enantioselective
hydroaminoalkylation of heteroatom-substituted allenes or 1,3-dienes with a-silyl amines. This
protocol is characterized by its mild conditions, excellent regio-, enantioselectivities, and wide
substrates scope, including aliphatic amines or N-heterocyclic substrates as a highlight.
Computational and experimental mechanistic studies provided insights into the reaction
mechanism and observed regio-, and enantioselectivity.?
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Figure 1. Dual Catalyzed Hydroaminoalkylation of Allenes and 1,3-Dienes

1 (a) Nakajima, K.; Miyake, Y.; Nishibayashi, Y. Synthetic Utilization of a-Aminoalkyl Radicals and Related Species in
Visible Light Photoredox Catalysis. Acc. Chem. Res., 2016, 49, 1946-1956. (b) Zheng, J.; Tang, N.-N.; Xie, H., Breit,
B. Regio-, Diastereo-, and Enantioselective Decarboxylative Hydroaminoalkylation of Dienol Ethers Enabled by Dual
Palladium/Photoredox Catalysis. Angew. Chem. Int. Ed., 2022, 61, €202200105.
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Synthesis and photochemical properties of fluorescent metabolites generated
from fluorinated benzoylmenadiones in living cells
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Plasmodione (PD) is an early antimalarial lead 3-benzylmenadione displaying valuable redox-
activity, which has been demonstrated to act through the generation of a key metabolite, the
plasmodione oxide (PDO).Y? Introduction of a fluorine atom on the 2-methyl group (F-PD and F-
PDO) was shown to markedly increase the oxidant character of the final 2-fluoromethyl-1,4-
naphthoquinone derivatives. Interestingly, F-PDO generates a bright yellow-green emission in
tobacco BY-2 cells, suggesting the formation of fluorescent thiol adducts. A fruitful set of analytical
methods has been therefore used to highlight the products resulting from UV-photoreduction in
the absence or presence of nucleophiles. Without nucleophile, photoreduction of F-PDO
generates a highly reactive ortho-quinone methide (0-QM) capable of leading to the formation of
a homodimer. With thiol nucleophiles such as B-mercaptoethanol used as a model, 0o-QMs are
continuously regenerated in sequential photoredox reactions generating mono- or disulfanylated
products as well as various unreported sulfanyl products. Besides, these photoreduced adducts
derived from F-PDO are characterized by a bright yellowish emission due to an ESIPT process
between the dihydronaphthoquinone and the benzoyl side chain. In order to evidence the
possibility of an intramolecular coupling of the 0-QM intermediate, a synthetic route to two
anthrone representatives is described. Tautomerization of the targeted anthrones occurs and
affords highly fluorescent and stable hydroxy-anthraguinones that might explain as well the
intense visible fluorescence emission observed in tobacco BY-2 cells, but never observed during
the photochemical model reactions performed in this study.
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Textiles, material consisting of 2D interwoven yarns and threads, are an exceptional class of
materials due to their flexibility, stability and shape adaptability.! These extraordinary
properties generate a desire to mimic these materials on molecular scale. In the last decade
several routes have been explored to interweave 1D linear polymers in order to obtain a
molecular 2D textile.>3 Recently, we introduced our own innovative approach, where we
explore the possibilities of assembling such a highly ordered 2D material on the air-water
interface (Fig 1. left)*. Here, a cross-shaped monomer is used to ensure the linking via up-down-
up-down character to obtain a biaxial woven mono-layer. However, due to the challenging
characterization of monolayer materials in terms of chemical transformation and topological
features we designed an approach for the synthesis of a molecular patch (Fig. 1, right). The
formation of this finite textile cut-out would allow us to investigate the structural properties of
a semi interwoven structure, pinpoint mono-layer characterization as XPS shifts and AFM
topology, while on the other hand investigate the after mono-layer reactions we want to adopt.

For the formation of our designed 2x2 grid we designed monomer Cum, which is an asymmetrical
analogue of our previous reported monomer.* The central part, two-biphenyls bridged over
two esters, gives rise to the cross-shape, while the amine and aldehyde functionality allows for
the cyclic oligomerization. The methoxy groups cap the remaining ends of the molecule to
ensure the assembly of a finite structure that would be characterizable by conventional

techniques as NMR, IR etc.
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Molecular electronics including the measurement of molecules in single molecule break junctions
(SMBJ) is an expanding field of research that leads to an increasing number of new findings?3.
Recently, the idea of a molecular wire that splits up into two pathways that are equivalent in length
sparked our interest since we are interested in interference and phase shift phenomena. For the
design of such a system, molecular orbital theory*, the length of the molecular wire®, substitutions
on connecting units® and the kind of anchoring groups’ must be taken into consideration as these
factors all impact the conductance intensity. Thiophene containing macrocycles 1 and 2 (figure 1
a.) with acetylated thiol anchoring groups were therefore synthesized. These planar, strained,
conjugated systems are accessible via a series of Sonogashira cross couplings and acetylene
deprotection reactions. Following the established substitution rules® for good (para and 2,5-
substituted in thiophene, figure 1 in red) and poorly conducting (meta, figure 1 in blue) electron
transport predictions about conductance of the overall molecule can be made by adding up the
sequential substitution patterns of the connecting corner units. In figure 1 the qualitative
conductance through the different pathways is depicted. First measurements of both macrocycles
1 and 2 have been performed using the Mechanically Controlled Break-Junction technique.
Interestingly, conductance measurements on the “o0a”-meta TMC show two molecular features,
possibly indicating two different pathways for conductance, whilst the “oa”-para TMC showed only
one in comparison as can be seen in Fig. 1b), c). Further investigations systems are ongoing.
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Well conducting para-substitutions or 2,5-substitution on thiophene. Blue: poorly conducting meta-
substitutions. b.) Conductance vs. distance histograms accompanied by their respective conductance
histograms of the molecular features found for the “oa”-meta TMC c.) same as for b) but for the “oa”-
para TMC.
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In medicinal chemistry, oxetanes have received enormous interest as replacement groups for gem-
dimethyl and carbonyl groups with improved physicochemical properties.! Introduction of oxetane
rings and heteroaromatic cycles can indeed improve both aqueous solubility and metabolic resistance
allowing rapid drug improvement through optimized PK properties. Our team has discovered the 3-
benzylmenadione skeleton (bMD) as a promising redox-active pharmacophore (Fig. 1).> The
substituents at the menadione (west part) govern the redox potential of the 1,4-napthoquinone core,
while the substituents at the benzyl chain (east part) contribute both at the metabolic fate, fine tuning
of the redox behavior and key interactions with numerous biological targets of final molecules.?* In
order to prepare more focused libraries of 3-bMDs, synthetic routes were developed to introduce 3-
(oxetan-3-yloxy) groups and/or heteroaromatics at the benzyl chain. The benzylation of various
menadiones was performed by using the Kochi-Anderson reaction,?®?or a bioinspired photoredox
process®” developed in the team. We recently established an effective Suzuki coupling to produce
(hetero)aromatic analogues of 3-bMDs. Present chemistry is now aimed at replacing the ether from
O-oxetanyls by N-oxetanyl and C-oxetanyl groups. Finally, the library will be of general value in
Medicinal Chemistry to evaluate the potential of oxetanes and heteroaromatics as cycles providing
opportunities for rapid drug improvement through optimized PK properties.

A. Oxetanyl analogues of 3-benzylmenadiones
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B. Hetereroaromatic (such as pyridines, pyrimidines) analogues of 3-benzylmenadiones
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Figure 1. General structures of the oxetanyl (A) and heteroaromatic (B) analogues of 3-benzylmenadiones prepared in
the medicinal chemistry project.
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3 Cichocki, B. et al., JACS* 2021, 1, 669-89.

4 Cotos, L. et al., Chem. Eur. J. 2020, 26, 3314-25.



Design and Synthesis of Original N,S-containing Scaffolds to Access Complex
Heterocycles

Charlou Rognan, Pierre Locquet, Nicolas Girard*, Mihaela Gulea*
Laboratoire d’Innovation Thérapeutique, LIT UMR 7200,
Université de Strasbourg, CNRS, F-67000 Strasbourg
charlou.rognan@etu.unistra.fr, nicolas.girard@unistra.fr, gulea@unistra.fr

A large majority of bioactive molecules and pharmaceuticals contain at least one heterocycle
in their structure.! N,S-heterocycles are represented in several drugs (i.e. Actos, Claforan,
Seroquel),? however it is still need to extent the structural diversity of this class of compounds
for therapeutic applications.

In this context, our group focus on the development of atom and step economic divergent
synthetic strategies,® mainly based on metal-catalyzed domino reactions, to access new
heterocyclic scaffolds bearing nitrogen and sulfur atoms with large molecular diversity.

Here we report a new domino sequence in which several carbon-carbon, carbon-nitrogen, and
carbon-sulfur bonds are formed, leading to complex molecules from simple substrates.
Starting from propargyl thioimidates and diazos compounds, the sequence involves a Rh-
catalyzed Doyle-Kirmse reaction, followed by an unprecedent type of thio-Claisen
rearrangement, and leads to original highly functionalized dienes. This methodology with a
high atom economy offers the opportunity to vary more than three positions on the diene
structure, giving access to a large molecular diversity. The reactivities of these dienes are
under study to synthesize new N,S-heterocycles.
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Last decade, photoredox catalysis has been widely investigated [1-3] taking advantage of the
mild reaction conditions. The light is used to promote a photocatalyst (PCat) in its excited state
(PCat*), which can undergo single electron transfer (SET), and/or energy transfer (EnT) to a
substrate. These processes were used under UV or visible light irradiation. Unfortunately, these
windows of irradiation lead to several issues: background reactions [4], a low penetration of
light in reaction media [5], the opacity of biological tissues toward visible light render its use
impossible for some biological or medicinal applications [6]. To circumvent theses drawbacks,
near infrared light is promising [7]. In this way, our team has developed photocatalytic systems
based on organic dyes [8], that can trigger organic reactions in the near infrared range. To do
so, cyanine derivatives have been selected. After a first generation of photocatalytic systems
based on cyanine dyes, a second one was developed to improve reaction kinetics and their
redox properties. Finally, good yields with better kinetics have been obtained on various
transformations using these cyanines dyes as photocatalysts. Whether in oxidation
transformation like aza Henry reaction; in reduction transformations also like
trifluoromethylation reaction; even in photosensitization of triplet oxygen.

CYANINE DYES FOR NEAR INFRARED PHOTOCATALYSIS
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4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) dyes experience an increasing
demand due to their excellent photo- and thermo-, as well as their chemical stability.
Therefore, they are utilized in a number of future-oriented applications such as organic
lasers, OLEDs, fluorescent sensors, photosensitizers, solar cells etc.!!]

Conventional BODIPY syntheses show low overall yields. Therefore, a one-pot
reaction to BODIPY dyes was developed involving literature known hydroformylation(?
or formylation!®! reaction conditions and subsequent substitution reaction with pyrrole
nucleophiles under organo-catalytic conditions to obtain dipyrromethanes which are
then straight-forward transformed to BODIPYSs.
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Figure 1: One pot synthesis scheme of BODIPY dyes from available precursors.
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The simplest way of producing a textile is by orthogonally interlacing two yarns. The resulting material
possesses stability, flexibility, and shape adaptability due to its interwoven structure. The concept of
interwoven materials has been adapted to the molecular level in for example tailor-made DNA tiles,
coordination polymers and tailor-made organic structures.?
A first step towards the bottom-up, self-assembled synthesis of polymer fabrics was done by Woll et
al. by designing textile sheets through pre-orienting the coupling partners to a MOF layer, reacting
them, and then removing the metal ions to get the organic textile layer.?
We designed a heteroleptic, amphiphilic metal complex to take advantage of its pre-organization to
assemble a molecular textile from bottom-up. The octahedral geometry of the metal complex and
the rigidity of the tri-dentate ligands ensure angles in between the ligands of close to 90°.3 By choosing
amphiphilic ligands with different functional groups, which can be linked with each other, a moiety
that can form an interwoven 2D material by polymerization was designed. Fixing the orientation of
the monomer by using an water-air interface to orientate the hydrophilic ligand to the water allows
us to have the necessary groups for the polymerization pre-organized in one plane to later form the
2D interlocked material.
In an effort to gain further insight into interwoven materials, we also designed a heteroleptic complex
that can only interlink on two sides. To ease the separation of the possible enantiomers, a linker which
is chiral itself was chosen. Polymerizing this restricted moiety, a defined patch of an interwoven
material is formed. This defined patch would allow a variety of analytical measurements, which are
not possible with the polymeric material, to give immense insight into this type of materials.
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Figure 1: Schematic representation of the heteroleptic complexes on the air-water interface.
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With the first concept of using only a single organic molecule as an electronic device by Aviram
and Ratner, the idea of a Single Molecular Junction (SMJ) was born.! SMJs are electrical circuits
in which two atomically sharp electrodes are bridged by a single molecule. The interest in this
research area originates from the idea of benefiting from size reduction using molecules as
electronic components. In the beginning simple conjugated Structures such as benzene-1,4-
dithiol were investigated using SMJs.[?!

Today the interest in SMJs has shifted towards more elaborate systems which can be
manipulated mechanically.®! Cyclophane systems using Porphyrin as chromophore have been
investigated extensively as mechanosensitive dimers in Molecular junction experiments.®
Radical compounds however are relatively unexplored in SMJs. Lately, a stable radical cation
circulene was reported, inspiring this work.>! To explore the electronic effects of the radical
nature of chromophores within close proximity a diradical cyclophane system similar to as
shown in Figure 1 is pursued.

In this contribution, the focus will be centered on the discussion of the synthesis and
characterization of such a mechanosensitive diradical cyclophane shown in Figure 1.

2SbClg

Figure 1: Mechanosensitive Diradical Cyclophane
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Several natural molecules have been discovered in the last few years, containing original
glycobenzoxocin such as Mimocaesalpin E. ! The rarity of this skeleton coupled with the
biological properties of those molecules lead to a high interest in the development of new
methodologies allowing to reach such structures. The SYBIO team has recently opened the road
to an efficient access to C,0-aryl glycoside compounds through the formation of a pseudo
tertiary anomeric radical generated via iron-mediated hydrogen atom transfer (HAT)
subsequently oxidized leading to an oxocarbenium formation.?

Due to the lack of methodologies leading to a direct di-functionalization of carbohydrate
entities® and based on previous results of the lab, a strategy was considered, hinging on several

glycosylation methods based on anomeric leaving groups of various reactivity.
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The superfamily of rhodanese-like enzymes is a large class of proteins characterized by
a conserved fold comprising a least one rhodanese domain, and the common ability to transfer
sulfur atoms from a sulfur donor to an acceptor via ping-pong mechanism. Despite these
commonalities, most members of this superfamily are not well characterized with regards to
their catalytic activity and specific physiological function.

Our group has described the function and structure of the first representative of the
three-domain rhodanese family: the ergothioneine synthase (EanB). This enzyme catalyzes the
oxidative sulfurization of Ng-Na-Ne-trimethylhistidine (TMH) to produce Ergothioneine (Egt).!
Most members of this enzyme family are found in organisms that do not produce Egt, including
E. coli, and most likely catalyze different reactions.”? Nevertheless, as we show in this
presentation, many of these enzymes still support ergothioneine biosynthesis in recombinant
E. coli and are characterized by considerable TMH sulfurization activity in vitro. Based on this
discovery, we hypothesize that all members of this enzyme family originate from an ancestral
ergothioneine synthase but have evolved to sulfurize other imidazole-containing metabolites.
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(2) Hanzelmann, P.; Dahl, J. U.; Kuper, J.; Urban, A.; Miller-Theissen, U.; Leimkuhler, S.; Schindelin, H. Crystal
Structure of YnjE from Escherichia Coli, a Sulfurtransferase with Three Rhodanese Domains. Protein Sci.
Publ. Protein Soc. 2009, 18 (12), 2480-2491. https://doi.org/10.1002/pro.260.
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Donor-acceptor (DA) cyclopropanes are valuable C3 synthons. Their ring strain and strongly
polarized carbon-carbon bond results in a masked 1,3-zwitterion which can be activated by
various catalytic systems allowing a myriad of transformations, most notably a broad range of
(3+n)-cycloadditions and 1,3-bisfunctionalizations.? Utilizing these compounds as starting
materials, we envisioned designing methodologies for the formation of synthetically
challenging heterocycles by cycloadditions with S=N-containing reagents, and y-fluorosulfones
by 1,3-bisfunctionalization with sulfinates and electrophilic fluorination reagents. Lewis acid
activation allowed for excellent reactivity with sulfinylamine reagents, furnishing a variety of
isothiazolidine S-oxides. This reactivity was extended to a (4+2)-cycloaddition with DA
cyclobutanes, forming 1,2-thiazenanes. TMS substituted sulfinylamine provided one-pot
conditions for the (3+2)-cycloaddition followed by oxidation to the y-sultam with concomitant
N-Si bond cleavage, giving formal insertion of HNSO,.? Sulfur diimides were also identified as
good 2rt components for cycloadditions with DA cyclopropanes, leading to the first synthesis of
S-imino isothiazolidines. Mechanistic understanding was provided by a combination of HPLC
experimental investigations, and DFT computation. Ring-opening with sulfinate salts occurred
under Lewis acid catalysis, with NFSI found to be a suitable electrophilic fluorine source leading
to the desired y-fluorinated sulfones in excellent yields under mild reaction conditions.?

Scheme 1. Synthesis of isothiazolidines, sultams and y-fluorosulfones from DA

cyclopropanes
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Bowl-shaped phenolic macrocycles, such as resorcinarenes, form a hydrophobic cavity and can be
further modified. Therefore, they serve as important structural platforms for larger structures such
as capsulesliland cavitandsl2l. The size of the cavitand is limited by the diameter of the macrocycle,
and the volume can only be increased by the installation of longer walls. For the synthesis of larger
cavitands, a larger structural platform is needed.

This can be achieved by replacement of the benzene-based units with larger ones, such as
naphthalenel3] or xanthene unitsi4. The xanthene[3]arene exhibits an inner diameter of 9.6 A,
which leads to larger structures upon derivatisation.

Recently our group reported the synthesis of an even larger macrocycle, the arcidane[4]arenels],
which is obtained by the reaction of the 9,9-dimethyl-substituted acridane with different aldehyde.
The cavitands build from this macrocycle exhibited a very deep and large cavity. In order to alter
the properties of the macrocycle and introduce functional groups, the substituents of the acridine
and the residue on the methylene linker can be varied. With that, different acridane derivatives
and different macrocycles were obtained.

1 L. R. MacaGillivray, J. L. Atwood, Nature 1997, 389, 469-472.

2 J. R. Moran, S. Karbach, D. J. Cram, J. Am. Chem. Soc. 1982, 104, 5826—5828.

3 P. E. Georghiou, Z. Li, Tetrahedron Letters 1993, 34, 2887—2890.
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Herein we report a highly enantio- and diastereoselective rhodium-catalyzed cyclization of
N-allenyltryptamines and 3-allenylindoles to 6-membered spirocyclic indolenines.t This
hydrofunctionalization methodology offers the advantage of using a comparably cheap
commercially available ligand with low loadings of an affordable rhodium precursor. It was
previously reported that cyclization of 3-allenylindoles with a shorter linker, resulted in the
formation of functionalized tetrahydrocarbazoles via a transient 5-membered spirocyclic
intermediate.? Due to their lower ring strain and thus higher intrinsic stability these 6-
membered spirocyclic indolenines don’t undergo an acid-catalyzed rearrangement to the
corresponding annulated heterocycles. Interestingly, an inverted diastereoselectivity can be
observed, compared to the before mentioned 5-membered derivatives.? The versatility of the
reported methodology was shown by applying malonate tethered substrates as well as
tryptamine derivatives with a broad functional group tolerance. Additionally noteworthy is the
potential to transform the cyclization products to valuable building blocks for natural product
synthesis, such as functionalized spirooxindoles and spiroindolines.
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Figure 1. Rhodium-catalyzed cyclization of 3-allenylindoles and N-allenyltryptamines.
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Aryl nitrile has a major role in organic synthesis, in particular because nitrile is important
for bioactive compounds design. This utility is particularly due to the fact that it allows many
interactions with the cellular environment (HBA, polar interactions, etc.). In addition to its
interest in medicinal chemistry, the nitrile moieties are a key intermediate for the synthesis of
many functional groups, such as ketones, amines or amide. Typically, the design of this
compound uses toxic cyanide sources (KCN, NaCN)?, polluting organic solvent, noble metal
(palladium) and high temperature?.

In this context, our goal was focused on the development of a more environmentally
friendly aryl cyanation using sodium nitroprusside as a non-toxic nitrile source,* a copper
complex as catalyst, water as green solvent, and a reaction temperature below 80°C (Figure 1).

N
I
Copper complex
Sodium nitroprusside
0. Base
~ H,0, < 80 °C N

Figure 1 : Environmentally friendly cyanation reaction

The optimization of this methodology was performed through a Design of Experiment
(DoE). This statistical approach is commonly practiced in industry, but barely known in
academia, where a one-factor-at-time (OFAT) method is often favored. DoE process has the
advantage to be generally fastest, and more efficient to find out the potential interactions
between the reagents during the reaction (Figure 2). Thanks to this strategy, we were able to
establish simple, cost-effective and environmentally friendly conditions to perform aryl
cyanation in good yields.
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Figure 2 : Comparison between OFAT and DOE study: a) one-factor-at-time approach. b) Design of Experiment approach.
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Bacteria can resist diverse stress like nutritional deficiency, heat or antibiotics by using the
stringent response (SR). During SR, a protein of the RelA/SpoT Homolog (RSH) Superfamily
synthesizes magic spot nucleotides (MSN) like pppGpp or ppGpp. MSN are able to regulate
gene expression, whereby the metabolism is shut down, until the stress factor is not affecting
the bacteria anymore?. Since antibiotics do not work as intended during SR, the synthesis of
MSN is a good target to prevent bacteria from bypassing the antibiotic effects?. In this project,
we show a possibility to seperate all known Nucleotides taking part in SR with HPLC. With
fitting calibration curves all reactants can be quantified.
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In vitro synthesis of (p)ppGpp. Reluw from M. tuberculosis transfers a pyrophosphate from ATP to either GDP
(n=0) or GTP (n=1) to form AMP and either ppGpp (n=0) or pppGpp (n=1).
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Magnetic Metallocarbon Membranes (MMCMs) are a new semiconductor class based on
nanographene and transition metals. The concept offers the option of tuning competing
magnetic interactions in solid materials, specifically the exchange interaction between
electrons and the spin-orbit interaction?®. The resulting large dipole opens up the possibility of
using nanoconfined water as dopant, thus opening up the possibility to study artificial biological
systems and proton-electron interactions in ultraconfinement.

The membrane topology was chosen due to the inherent wave nature of matter which was
proposed in 1924 by Louis de Broglie?. Quantum objects like photons, electrons and protons
thus obey to a large degree superposition logics which are intrinsically anisotropic.
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Compartmentalisation and non-equilibrium pathways are considered as two of the most
important ingredients on constructing life-like assemblies. Liquid-Liquid Phase Separation
(LLPS) and transient self-assemblies have been demonstrated with a variety of chemical fuels
like carbodiimides! or methylation agents.? However, in these systems, the fuel is either not
incorporated in the self-assembly (carbodiimides) or has not been modified (methylating
agent). Herein, we report on a new class of modified high energy molecules that bind covalently
to a precursor. Inspired by nature’s ability to use the properties of 20 amino acid side chains to
build complex structures, we apply a biomimetic approach using aminoacyl phosphates — the
synthetic analogues of aminoacyl adenylates. In our chemical reaction networks, the structure
and properties of the newly formed phases result from modifications on the structure of the
fuels and the precursors. In particular, we demonstrate that the reaction of amino acyl
phosphates with phenols gives rise to LLPS and self-assembly. The phase transitions affect
oligomer distribution, lifetime and allow for selectivity in mixtures of amino acids according to
hydrophobicity (Figure 1). Our strategy establishes non-biological phosphates for
compartmentalisation and could be extended towards microfluidics materials discovery.

solution phase separation:
liquid
crystalline
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self- self-
condensat\on X,OR condensqtion,
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X1

second coupling,

XaEP elongation X,OR
phosphate-driven hydrolysis ester-driven
fast phase behavior and pka phase behavior and
of ROH controlls rate pka of ROH controlls rate

Figure 1: Schematic reaction network of aminoacyl phosphates (X,EP) with a phenolic precursor (ROH).

1 Tena-Solsona, M.; RieR, B.; Boekhoven, J. Non-Equilibrium Dissipative Supramolecular Materials with a Tunable
Lifetime. Nat. Commun. 2017 81 2017, 8 (1), 1-8.

2 Boekhoven, J.; Brizard, A. M.; Kowlgi, K. N. K.; Koper, G. J. M.; Eelkema, R.; Van Esch, J. H. Dissipative Self-
Assembly of a Molecular Gelator by Using a Chemical Fuel. Angew. Chem. Int. Ed. 2010, 49 (28), 4825-4828.
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Cycloparaphenylenes

Jia Ding, Marcel Mayor
University of Basel, Department of Chemistry, St. Johanns Ring 19, 4056 Basel, Switzerland
E-mail: Jia.ding@unibas.ch; marcel.mayor@unibas.ch.

Cycloparaphenylenes — also referred to as carbon nanohoops— can be thought of as the
shortest possible cross section of an armchair carbon nanotube. These molecules have been
envisioned for many years but their synthesis has been challenging due to the requirement for
precise control over ring size and connectivity, as well as the high strain they can possess. Over
the past decade, significant progress has been made in developing methods to synthesize
carbon nanohoops with different sizes and compositions. While most of these studies deal with

small nanohoops, larger nanohoops such as those derived from [16]CPP remain barely studied.*

Yamago's group utilized a square-shaped tetranuclear platinum complex with aromatic
biphenyl units as a precursor, which introduced curvature to the structure through sp*-
hybridized carbon atoms. By performing reductive elimination of platinum, [8]CPP was
successfully synthesized.? Based on this work, we expect to selective synthesis of methoxy-
substituted [16]CPP and study their unique properties, such as size-dependent photophysical,
electronic properties. Furthermore, we intend to examine the effects induced by the

substituents on the properties.

(1) H. Omachi, S. Matsuura, Y. Segawa, and K. Itami, Angew. Chem. Int. Ed. 2010, 49, 10202 —10205.

(2) S. Yamago, Y. Watanabe, and T. Iwamoto, Angew. Chem. Int. Ed. 2010, 49, 757 —759.
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Access to Thiazepanes and Bicyclic Derivatives via Gold-Catalyzed
Cyclizations

Charlou Rognan, Mickael Choury, Patrick Wagner, Gaélle Blond,* Mihaela Gulea*
Laboratoire d’Innovation Thérapeutique, LIT UMR 7200,
Université de Strasbourg, CNRS, F-67000 Strasbourg
charlou.rognan@etu.unistra.fr, gaelle.blond@unistra.fr, gulea@unistra.fr

Gold-catalyzed cyclizations represent a powerful method for the preparation of various
heterocycles, which are valuable compounds in the fields of pharmaceutical, agrochemical and
materials chemistry. Recent reviews showed the interest in accessing 7-membered rings and
medium-sized rings (8 to 11 atoms) by gold-mediated cyclizations.! Indeed, these molecular
structures are interesting due to their presence in bioactive natural products and
pharmaceuticals, however they are renowned for their challenging accessibility. Thus, the
intramolecular carbon-heteroatom bond formation involving the attack of a heteronucleophile
on the gold-activated triple bond is a common method to synthesize 5- and 6-membered
heterocycles, while it is rarely used for the direct construction of larger rings.

In this context, our recent work dealt with the synthesis of new structural family of 1,4-
thiazepanes from 1,3-aminothioethers 1 having two or three carbon stereocenters using gold-
catalysis. The process consisted in an unprecedented 7-exo-dig cyclization with C-S bond
formation and concomitant allyl S-to-C migration. Finally, the obtained N-propargyl 1,4-
thiazepanes 2 underwent a new sulfur-assisted 1,6-enyne cycloisomerization, which led to
original N,S-heterobicyclo[4.3.1] systems 3 with a bridgehead double bond.?

Cat1 [Au] cC:atz [Au]C \ .
N P DCE, 50-70 °C, DCE, 90 °C, -
s J __ 418h _ /\/\( 18h ==
=z N // R = propargyl N\ N//
R
1 2 3

1 a) Reyes, R. L.; Iwai, T.; Sawamura, M. Chem. Rev. 2021, 121, 8926-8947; b) Choury, M.; Basilio Lopes, A.;
Blond, G.; Gulea M. Molecules 2020, 25, 3147-3175

2 Choury, M.; Wagner, P.; Rognan, C.; Blond, G.; Gulea, M. Adv. Synth. Catal. 2022, 364, 3238-3244
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In Situ Formation of Cationic m-Allylpalladium Precatalysts in Alcoholic
Solvents: Application to C—N Bond Formation

Philippe Steinsoultz,® Aurélien Bailly,? Patrick Wagner,® Estefania Oliva,© Martine Schmitt,°
Laurence Grimaud,? Frédéric Bihel @ *

a) Laboratoire d’Innovation Thérapeutique, UMR7200, CNRS, Université de Strasbourg,
France ; b) Laboratoire de Biomolécules (LBM), Sorbonne Université, Ecole Normale
Supérieure, PSL University, Paris, France ; c) Plateforme d’Analyse Chimique de Strasbourg-
lllkirch, Université de Strasbourg, France

fbihel@unistra.fr

In the context of our researches of greener conditions for metal-catalyzed reactions, we
developed an efficient Buchwald-Hartwig cross-coupling reaction in alcoholic solvent, in which
a low catalyst loading showed excellent performance for coupling aryl halides (I, Br, and Cl) with
a broad set of amines, amides, ureas, and carbamates under mild conditions. Mechanistically
speaking, in a protic and polar medium, extremely bulky biarylphosphine ligands interact with
the dimeric precatalyst [Pd(m-(R)-allyl)Cl], to form in situ and spontaneously a cationic
complexe [Pd(mt-(R)-allyl)(L)]Cl, which cannot be obtained in classical organic solvents such as
toluene or THF. The resulting precatalyst further evolves under basic conditions into the
corresponding L-Pd(0) catalyst, which is commonly employed for cross-coupling reactions. This
mechanistic study highlights the prominent role of alcoholic solvents for the formation of the
active catalyst.
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1 Steinsoultz, P.; Bailly, A.; Wagner, P.; Oliva, E.; Schmitt, M.; Grimaud, L.; Bihel, F. In Situ Formation of Cationic
ri-Allylpalladium Precatalysts in Alcoholic Solvents: Application to C—N Bond Formation. ACS Catal. 2022, 12 (1),
560-567. https://doi.org/10.1021/acscatal.1c04641.
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Rh-catalyzed Hydroamination of Allenes:

Asymmetric Functionalization of Amino Acids and Peptides

Edward Damer and Bernhard Breit
Institut fiir Organische Chemie, Albert-Ludwigs-Universitdt Freiburg
Albertstr. 21, 79104 Freiburg i. Br., Germany
bernhard.breit@chemie.uni-freiburg.de

Since the synthesis of insulin in 1921 and its use as first commercial therapeutic peptide in 1923,
development of peptide drugs has become an important field in pharmaceutical research.™ To further
improve pharmaceutical properties like metabolic stability, bioavailability, receptor activity and
selectivity, the use of peptidomimetics has become a growing field in drug discovery likewise. The
strategy of the peptidomimetic approach is to perform focused modifications to the peptidic backbone
or side chains.!? In our group, numerous methods to hydrofunctionalize allenes with C-, N-, O-, and S-
nucleophiles to obtain branched allylic compounds stereoselectively have been developed.® However
the use of aliphatic amines as nucleophiles remained an unsolved problem due to basicity of the amine

moiety and possible overalkylation.

In this work a catalytic method is described, which enables stereoselective and atom-economic allylation
of aliphatic amines focusing on amino acids and small peptides. As possible application the syntheses of

two peptidomimetic compounds utilizing solid phase peptide synthesis (SPPS) were performed.
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References:

[1] L. Wang, N. Wang, W. Zhang., X. Cheng, Z. Yan, G. Shao, X. Wang, R. Wang, C. Fu, Sig. Transduct Ther. 2022, 7,
48.

[2] G. Li Petri, S. Di Martino, M. De Rosa, J. Med. Chem. 2022, 65, 11, 7438—7475.

[3] P. Koschker, B. Breit, Acc. Chem. Res. 2016, 49, 1524-1536.

61



Elaboration of porous hybrid catalysts for heterogeneous photoredox
catalysis

N. Mahmoud,*%3* M. Cormier,* J. Daou,%?J. Toufaily,* B. Lebeau,?* “and J.-P Goddard® "

I Université de Haute-Alsace, Université de Strasbourg, CNRS, LIMA UMR 7042, F-68100 Mulhouse,
France.
2 Université de Haute Alsace, CNRS, IS2M UMR 7361, F-68100 Mulhouse, France
3 Université de Strasbourg, F-67000 Strasbourg, France
‘Laboratory of Applied Studies for Sustainable Development and Renewable Energy (LEADDER),
Lebanese University, Campus Rafic Hariri, Beyrouth, Lebanon

Email: Nadine.mahmoud@uha.com

The current global trend to follow the concept of green chemistry favors the development of
photochemical pathways using sunlight!. The direct visible light irradiation of the substrate is
not always possible, since few organic molecules absorb in this wavelengths range?. To
circumvent this problem, the photocatalysis appeared as a pertinent solution. This concept
used a photocatalyst (PC) which absorbs the visible light to activate the organic substrate. The
organic dyes are considered as interesting PCs. Indeed, they are neither expensive nor toxic>.
Thus, to strengthen the green aspects of these organic transformations, the heterogeneization
of PC on organized mesoporous silica has been carried out*. These materials can play a dual
role in organic synthesis, first by supporting the PCs and then by providing a confined
environment that can impact the reactivity and the selectivity of the reactions. In this context,
eosin Y has been covalently linked to different organized mesoporous silicas to obtain a
heterogeneous photocatalytic system whose performance in organic reactions such as radical
cyclization has been evaluated®.
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1J. M. R. Narayanam, C. R. J. Stephenson, Chem. Soc. Rev. 2011, 40, 102-113.

2K. L. Skubi, T. R. Blum, T. P. Yoon, Chem. Rev., 2016, 116, 10035-10074.

3Y. Lee, M. S. Kwon, Eur. J. Org. Chem. 2020, 38, 6028-6043.

4X.Zhao, X. Y. Bao, W. Guo, F. Y. Lee, Mater. Today. 2006, 9, 32-39.

> N. Mahmoud, J. Awassa, J. Toufaily, B. Lebeau, T. J. Daou, M. Cormier, J.-P. Goddard, Molecules.
2023, 28, 549.
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Studies Towards the Total Synthesis of Cervinomycin Natural Product

Rafael Lombardi, Matthew Wheatley, Olivier Baudoin*
Department of Chemistry, University of Basel, St. Johanns-Ring 19, CH-4056 Basel, Switzerland
rafael.lombardi@unibas.ch, olivier.baudoin@unibas.ch

Cervinomycins are aromatic polyketides which exhibit antibiotic activity against gram-positive
bacteria and high cytotoxicity.! Herein we report our studies towards the total synthesis of
these natural products, in which multiple C—H functionalization steps allow for a convergent

route.
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Retrosynthetically, we aim to construct cervinomycins from functionalized xanthone and
isoquinolinone fragments, which will be joined through a reductive Heck coupling and a cross-

dehydrogenative coupling.?
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The isoquinolinone fragment was accessed in 5 steps from salicylic acid, using two strategic C—
H activation reactions. A rhodium-catalyzed C—-H annulation of 2-hydroxy-N-
methoxybenzamide with chloroacetone gave the corresponding isoquinolinone product.® After
protection of the phenol, an iridium-catalyzed C—H borylation furnished the meta-borylated
isoquinolinone as a single isomer.* Suzuki-Miyaura coupling with vinyl tosylate gave the
corresponding 6-vinylisoquinolinone intermediate. Currently, we are examining different C—H
activation-based routes towards the xanthone fragment.

T Hu, X.; Sun, W.; Li, S.; Li, L.; Yu, L; Liu, H.; You, X.; Jiang, B.; Wu L. Cervinomycins Cy.4 with cytotoxic and
antibacterial activity from Streptomyces sp. CPCC 204980. J. Antibiotics 2020, 73, 812-817.

2 Chen, K; Xie, T.; Shen, Y.; He, H.; Zhao, Y.; Gao S. Calixanthomycin A: Asymmetric Total Synthesis and Structural
Determination. Org. Lett. 2021, 23, 1769-1774.

3Yu, D.; de Azambuja, F.; Glorius, F.; a-MsO/TsO/Cl Ketones as Oxidized Alkyne Equivalents: Redox-Neutral
Rhodium(lll)-Catalyzed C-H Activation for the Synthesis of N-Heterocycles. Angew. Chem., Int. Ed. 2014, 53,
2754-2758.

4 Mkhalid, I. A. I.; Barnard, J. H.; Marder, T. B.; Murphy, J. M.; Hartwig, J. F.; C-H Activation for the Construction
of C-B Bonds. Chem. Rev. 2010, 110, 890-931.
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Delivery of Caged Magic Spot Nucleotides into Escherichia coli

Christoph Popp, Henning J. Jessen
Christoph Popp, Institute of Organic Chemistry, University of Freiburg, Albertstralle 21, 79104
christoph.popp@oc.uni-freiburg.de

Magic spot nucleotides (MSN) are bacterial alarmones involved in the highly conserved
stringent response, a bacterial stress response mechanism enabling survival in challenging
environments. ! New chemical tools such as photocaged MSN-analogues are important to
better understand the cellular implications of these signalling molecules. Here we describe the
synthesis of caged and clickable MSN analogues and their delivery into E. coli cells. These highly
phosphorylated nucleotides contain multiple negative charges and cannot permeate bacterial
cell membranes spontaneously. Cellular transport was facilitated by conjugation to a cell-
penetrating peptide and through a cyclodextrin based synthetic nucleotide transporter.? The
novel probes will enable studies of MSN involvement in the stringent response with spatial and
temporal control.
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1 Pacios, O.; Blasco, L.; Bleriot, |.; Fernandez-Garcia, L.; Ambroa, A.; Lopez, M.; Bou, G.; Cantdn, R.; Garcia-
Contreras, R.; Wood, T. K.; Tomas, M. (P)PpGpp and Its Role in Bacterial Persistence: New Challenges.
Antimicrob. Agents Chemother. 2020, 64 (10), 1-14. https://doi.org/10.1128/AAC.01283-20.

2 Zawada, Z.; Tatar, A.; Mocilac, P.; Budésinsky, M.; Kraus, T. Transport of Nucleoside Triphosphates into Cells by
Artificial Molecular Transporters. Angew. Chemie Int. Ed. 2018, 57 (31), 9891-9895.
https://doi.org/10.1002/anie.201801306.
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