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Project: “Dialysis Techniques for Novel Oxidative Couplings of C(sp®)-H Bonds”

Abstract: The direct functionalization of C-H bonds has become a powerful and valuable tool for
the construction of new C-C bonds. However, the selective C-H bond functionalization is still a
challenge. In this project, TEMPO derivatives have been explored as non-toxic mild oxidants for
oxidative C-H bond couplings using dialysis and flow-reactor techniques. Thus, the trimerization
of indoles and the synthesis of difficult to access N-carbamoyl isoxazolines were achieved.

Project’s initial questions and objectives: In the last few years, the direct functionalization of
C-H bonds has become a powerful and valuable tool for the construction of new C-C bonds.
Despite the important advances already achieved in this area, the selective functionalization of
demanding C(sp®)-H and C(sp?)-H bonds still constitutes a challenge." In this regard, nitroxides
and their oxoammonium salt derivatives are non-toxic, mild, environmentally friendly oxidants.?
Recently, some reports by us and other research groups have showed their especial, sometimes
unique, reactivity for the construction of C-C bonds by direct C-H functionalizations.?® Therefore,
such oxidants would be further employed. In this project, we initially aimed at the integration of
dialysis techniques and organic synthesis to:*

1) Develop new C-H transformations and recycle the TEMPO derivative-based oxidants
2) Study the compatibility of oxidative C(sp®)-H coupling reactions with (organo)catalysis

Project developments, results and discussion: We initially targeted the objective 1 (started
at the University of Munster in 2013 and further carried out at University of Regensburg in early
2014). Consequently, different 4-substituted TEMPO nitroxides® were immobilized into a
commercially available polystyrene resin (PS 200-400 mesh/Merrifield’s peptide resin) or
dendrimers based on poly(propylene) imines (PPI), following literature known or slightly modified
procedures (Scheme 1).°
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Scheme 1. Representative covalent-immobilized nitroxide oxidants.



Next, the immobilized oxidants were placed into a dialysis membrane of type RC (Regenerated
Cellulose), which is resistance to a broad variety of common organic solvents such as
acetonitrile (MeCN), dichloromethane (DCM) or ethyl acetate to up to 60 °C. The nature-inspired
oxidative trimerization of indoles was chosen as model study reaction® since two new C-C bonds
and interesting biologically relevant structures are formed in this transformation (Scheme 2).
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Scheme 2. Nitroxide/air system for oxidative C(sp3)—H coupling of indoles: Batch vs. Dialysis.

Satisfyingly, we could show that dialysis techniques could be utilized for carrying out this
type of oxidative C(sp®)-H coupling reaction. Moreover, the oxidant inside the simple “home-
made” dialysis device was employed with air-oxygen as terminal oxidant and the immobilized
nitroxide could be recycled up to 3 times. However, complications associated to inefficient
diffusion, instability of the commercially available semi-permeable dialysis membranes and
dialysis devices against the organic solvents in the presence of oxidants at the RC-membranes
limit range temperatures (aprox. 50-60 °C, which were required for the C-H functionalization
reaction), as well as certain levels of irreproducibility were encounter.

Considering these last issues, objective 2 was not further pursued at the University of
Regensburg. When the two new PhD students Andrea Gini and Dominik Kellner joined the
freshly moved group (January and March, respectively), the initial dialysis approach was
replaced by microreactor/flow techniques. Moreover, other oxidative C(sp®-H coupling
transformation was targeted: the in situ generation and trapping of unstable N-acyl nitrones to
from isoxazoline derivatives (Scheme 3).
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Scheme 3. Nitroxide-mediated formation of unstable N-acyl nitrones/trapping sequence: Batch vs. Flow.

This flow approach proved to be more efficient, leading to a novel methodology for the
preparation of synthetically valuable N-carbamoyl isoxazolines, not easily accessible by



other available methods. Although similar results were obtained when carrying the reaction in
batch and in a microreactor, no inert atmosphere is required in the second case, which
simplifies the technical set-up of the reaction. Moreover, the flow technique also provides the
possibility of continuous synthesis that will lead to a more convenient and simple
preparation of large amounts of the targeted molecules.

Further studies in this area are currently carrying out in the research group. We are aiming at the
finding of further innovative oxidative C-C coupling reaction from C-H bonds in flow systems, as
well as the recycling of the oxidant and/or developing of “pseudo”-catalytic in TEMPO-type
oxidant C-H bond coupling reactions.
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