Direct C(sp3)-H Amination for Pyrrolidine Synthesis
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Abstract
Our research group is focused on the development of catalytic processes for new amination reactions. In particular, we
are interested in the Hofmann–Löffler reaction in which valuable pyrrolidines are the final products.
In this case study, we gathered information with the assistance of Science of Synthesis Online about pyrrolidine’s
usefulness and plausible routes toward its synthesis through direct C(sp3)-H amination. For the latter, various sections
were found to be the most adequate to sum-up all the different processes. The structure tool was used for the searches
to afford the results presented here.

Scheme 1 General Structure of Pyrrolidines

Discussion
Pyrrolidine derivatives are versatile building blocks for numerous fields within chemistry from industrial to finesynthesis applications. First, they are abundant in natural products and represent ubiquitous moieties in
pharmaceutical chemistry with potential biological activities. An example of this is the well-known privileged nicotine
pharmacophore containing the pyrrolidine-based structure. Pyrrolidines are also crucial motifs in a variety of
organocatalysts such as the Jørgensen–Hayashi catalyst, which is used in the α-functionalization of aldehydes for
instance. The synthesis of pyrrolidine-based alkaloids has always attracted considerable attention in the synthetic
community for the challenge they represent regarding their synthesis and their potential applications (hasubanan for
instance). Therefore, with the assistance of Science of Synthesis Online, we disclose in the present case study the
different ways to yield pyrrolidine motifs.

Scheme 2 Examples of Pyrrolidine-Based Structures

Contact
Science of Synthesis Editorial Office • Georg Thieme Verlag KG • Ruedigerstrasse 14 • 70469 Stuttgart • Germany

Using the structure search function in Science of Synthesis Online, we searched for routes to pyrrolidines that used a
cyclization step at a C(sp3)-position bearing at least one hydrogen atom and the hitlist suggested several chapters on
intramolecular C(sp3)—H amination. A careful classification of the proposed sections led us to divide the plausible
methods into four categories.
Two excellent chapters on the Hofmann–Löffler reaction [Science of Synthesis: Catalytic Oxidation in Organic Synthesis
(Section 4.2.2.1) and Science of Synthesis, Vol. 40 (Section 40.1.1.4.1.5.5)] were encountered. This reaction provides
access to pyrrolidines through a radical pathway. A nitrogen-centred radical coming from homolytic cleavage of a
N-halogenated amine intermediate undergoes a selective 1,5-hydrogen atom abstraction. Through a radical chain
mechanism, a C—X bond is formed followed by cyclization to afford the pyrrolidine. Transition-metal catalysis could also
be employed for the formation of the pyrrolidine ring system [e.g., Science of Synthesis: Catalytic Transformations via C—H
Activation (Section 2.1.1.2), Science of Synthesis: Metal-Catalyzed Cyclization Reactions (Section 1.8.2.6.1), and Science of
Synthesis: Catalytic Transformations via C—H Activation (Section 2.9)]. Starting from alkyl azides and using a transition
metal, a nitrenoid species can be formed which can undergo the desired C(sp3)—H amination through either a
concerted insertion or through a hydrogen atom abstraction/radical rebound mechanism. Directed C—H activation was
also developed under palladium catalysis for instance to selectively target pyrrolidine formation through a sixmembered-ring palladacycle intermediate. Finally, taking advantage of the capacity of some metals to form a π-allyl
complex, an amination reaction was designed at an allylic position to achieve pyrrolidines.

Scheme 3 Synthetic Routes Toward Pyrrolidines through Direct C(sp3)—H Amination

Conclusion
Science of Synthesis Online is a powerful tool to provide an overview of a topic and in our case the synthesis of
pyrrolidines through direct C(sp3)—H amination. The structure search functionality is useful for synthetic organic
chemists, easy to handle, and the results obtained are accurate and reliable. Science of Synthesis Online was beneficial
for the group to learn the various existing strategies for the formation of pyrrolidines.
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