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      Recently, macrocyclic synthetic compounds or natural products structures became en-

vogue due to many potential applications and advantages over small molecular weight 

compounds. Macrocycles can target proteins which are difficult to handle by small 

molecular weight compounds such as protein-protein interactions (PPIs) due to their large 

and flat surface area. Moreover, some macrocycles show enhanced transport properties due 

to their chameleon-like behavior in hydrophobic and hydrophilic environments. This 

behavior can be triggered by conformational changes induced by a shift between intra- and 

intermolecular hydrogen bonding.  

 

A well-known challenge in macrocycle synthesis is the cycle formation over oligo- or 

polymerization. Paul Ruggli and Karl Ziegler
1
 have introduced the high-dilution principle, 

according to which low concentrations of the starting acyclic precursor favour cyclization 

over chain formation. Another challenge relates to the exploration of the natural 

macrocycles for drug discovery since synthesizing such compounds in a timely and diverse 

fashion is difficult, especially when a series of molecules for structure-activity relationship 

(SAR) elucidation or screening libraries is needed. Moreover, cyclization methods are 

required that are working in a general fashion with a wide variety of substrates and 

functional groups. Therefore, development of short and efficient synthetic approaches with 

only a few steps is necessary.  

 

A number of highly interesting synthetic routes have been developed including rapid 

and efficient methodologies such as DNA encoded chemistry, enzyme-catalyzed ring 

closures, special classes of structurally ordered macrocycles such as stapled peptides or 

accessing peptide macrocycles from genetically encoded polypeptides, which however are 

beyond the current assay and have been extensively reviewed elsewhere.
2-4 

Noteworthy, the 

majority of methods focuses on peptide macrocycles. In contrast, multicomponent reaction 

chemistry MCR is an excellent technology suitable for the fast and efficient synthesis of 

many diverse libraries of macrocycles and also able to generate great levels of molecular 

diversity and complexity at low synthetic costs.
5 

 

 

MCRs such as Ugi and Passerini reactions have been used to develop many strategies 

towards macrocycle libraries. These reactions are used for macrocyclization directly or to 

synthesis linear precursors which can be cyclized whether by MCRs or other procedures. 

Already in 1979 Failli and Immer
6
 for the first time described the use of Ugi MCR for the 

one-pot macrocyclization of N, C-terminal unprotected linear hexapeptides. Later many 

other groups
7-9 

contributed to macrocycle synthesis via MCR. Recently, Dömling group 

established up-to-now more than 10 different synthetic routes towards variable artificial 

macrocycle scaffolds in 1 to maximum 5 sequential steps.
10-16

 This gives us a representative 

coverage of an interesting and large chemical space of macrocycles with affordable 

chemical accessibility.   

 

In this thesis, we have covered the following aims; 

 

Aim I: we developed multicomponent reaction chemistry and investigated the substrate 

scope in the well-known Ugi and Passerini reactions. We introduced several 1- or 2-step 

and general macrocycle syntheses from common building blocks. 
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Aim II: we investigated the 3D structures of the different artificial macrocycle scaffold 

classes by methods of X-ray crystallography.  

Aim III: we investigated the conformational and chemical property space of the above MC 

scaffolds to understand the Structure-Penetration-Relationship and to build predictive 

models for passive penetration. 

Aim IV: we have leveraged the novel artificial macrocycle space and have found potent 

inhibitors of protein-protein interactions such as p53-MDM2. 

 

Therefore, the research in this thesis is focused on the design of synthetic pathways for 

the convergent synthesis of multiple macrocyclic (MC) classes using modular 

multicomponent reaction chemistries and a mix-and-match approach including classical 

organic reactions. We introduced our aims due to many publications. 

 

Chapter 1: Artificial Macrocycles 

 

Artificial macrocycles recently became popular as a novel research field in drug 

discovery. As opposed to their natural twins, artificial macrocycles promise to have better 

control on synthesizability and control over their physicochemical properties resulting in 

drug-like properties. Very few synthetic methods allow for the convergent, fast but diverse 

access to large macrocycles chemical space. One synthetic technology to access artificial 

macrocycles with potential biological activity, multicomponent reactions, is reviewed here, 

with a focus on our own work. We believe that synthetic chemists have to acquaint 

themselves more with structure and activity to leverage the design aspect of their daily 

work.  

 

 
 

Chapter 2: Two-Step Synthesis of Complex Artificial Macrocyclic Compounds 

 

The design and synthesis of head-to-tail linked artificial macrocycles using the Ugi-reaction 

have been developed. This synthetic approach of just two steps is unprecedented, short, 

efficient and works over a wide range of medium (8–11) and macrocyclic (>=12) loop 

sizes. The substrate scope and functional group tolerance are exceptional. Using this 

approach, we have synthesized 39 novel macrocycles by two or even one single synthetic 
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operations. The properties of our macrocycles are discussed with respect to their potential 

to bind to biological targets that are not druggable by conventional, drug-like compounds. 

As an application of these artificial macrocycles, we highlight potent p53–MDM2 

antagonism.  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

+
 Shared the first coauthorship 

 

Chapter 3: Ugi Multicomponent Reaction Based Synthesis of Medium-Sized Rings 

 

An Ugi multicomponent reaction based two-step strategy was applied to generate 

medium-sized rings. In the first linear expansion phase, a series of diamines reacted with 

cyclic anhydrides to produce different lengths of terminal synthetic amino acids as the 

starting material for the second phase. The Ugi-4-center 3-component reaction was utilized 

to construct complex medium-sized rings (8−11) by the addition of isocyanides and oxo 

components. This method features mild conditions and a broad substrate scope.  
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Chapter 4: Concise Synthesis of Tetrazole Macrocycle 

 

A concise two-step synthesis of tetrazole containing macrocycles from readily 

accessible starting materials is presented. The first step comprises a chemoselective 

amidation of amino acid derived isocyanocarboxylic acid esters with unprotected 

symmetrical diamines to afford diverse α-isocyano-ω-amines. In the second step, the α-

isocyano-ω-amines undergo an Ugi tetrazole reaction to close the macrocycle. 

Advantageously, this strategy allows short access to 11−19-membered macrocycles in 

which substituents can be independently varied at three different positions. 

 

 
 

 

Chapter 5: Two Step Macrocycle Synthesis by Classical Ugi Reaction 

 

The direct non-peptidic macrocycle synthesis of α-isocyano-ω-amines via the classical 

Ugi 4-component reaction (U-4CR) is introduced. Herein, an efficient and flexible, just 2-

step procedure to complex macrocycles is reported. In the first step, the reaction between 

unprotected diamines and isocyanocarboxylic acids gives a high diversity of unprecedented 

building blocks in high yield. In the next step, the α-isocyano-ω-amines undergo a U-4CR 

with a high diversity of aldehydes and carboxylic acids in a one-pot procedure. This 

synthetic approach is short, efficient and leads to a wide range of macrocycles with 

different ring sizes. 
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Chapter 6: Versatile Multicomponent Reaction Macrocycle Synthesis Using α‑  

          Isocyano-ω-carboxylic Acids 

 

The direct macrocycle synthesis of α-isocyano-ω-carboxylic acids via an Ugi 

multicomponent reaction is introduced. This multicomponent reaction (MCR) protocol 

differs by being especially short, convergent and versatile, giving access to 12-22 

membered rings. 
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Chapter 7: Artificial Macrocycles by Ugi Reaction and Passerini Ring Closure 

 

Artificial macrocycles can be convergently synthesized by a sequence of an Ugi 

multicomponent reaction (MCR) followed by an intramolecular Passerini MCR used to 

close the macrocycle. Significantly, in this work, the first intramolecular macrocyclization 

through a Passerini reaction is described. We describe 21 macrocycles of a size of 15−20. 

The resulting macrocyclic depsipeptides are model compounds for natural products and 

could find applications in drug discovery. 

 

 
 

 

Chapter 8: Concise Synthesis of Macrocycles by Multicomponent Reactions 

 

A short reaction pathway was devised to synthesize a library of artificial 18-27-

membered macrocycles. The five-step reaction sequence involves ring opening of a cyclic 

anhydride with a diamine, esterification, coupling with an amino acid isocyanide, 

saponification and finally macro-ring closure using an Ugi or, alternatively, a Passerini 

multicomponent reaction. Three out of the five steps allow for the versatile introduction of 

linker elements, side chains, and substituents with aromatic, heteroaromatic, and aliphatic 

character. The versatile pathway is described for 15 different target macrocycles on a mmol 

scale. Artificial macrocycles have recently become of great interest due to their potential to 

bind to difficult post-genomic targets. 
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Chapter 9: Focusing on Shared Subpockets-New Developments in Fragment-Based   

                    Drug Discovery 

 

Protein-protein interactions (PPIs) are important targets for understanding fundamental 

biology and development of therapeutic agents. Based on different physicochemical 

properties, numerous pieces of software (e.g., POCKETQUERY, ANCHORQUERY, and 

FTMap) have been reported to find pockets on protein surfaces and have applications in 

facilitating the design and discovery of small molecular weight compounds binding to these 

pockets. Also, we discuss a pocket-centric method of analyzing PPI interfaces, which 

prioritize their pockets for small- molecule drug discovery and the importance of 

multicomponent reaction (MCR) chemistry as starting points for undruggable targets. The 

authors also provide their perspectives on the field.  

 

 

 
 

 

 

 

 

 

 



General introduction and scope of thesis 

 

15 
 

References 

 

1. (a) Ziegler, K.; Eberle, H.; Ohlinger, H. Eur. J. Org. Chem. 1933, 504, 94-130; (b) 

Ruggli, P. Eur. J.  Org. Chem. 1912, 392, 92-100. 

2. Hunsdiecker, H.; Erlbach, H. Chem. Ber. 1947, 80, 129-137. 

3. Cristau, P.; Vors, J. P.; Zhu, J. P. Org. Lett. 2001, 3, 4079-4082. 

4. (a) Verdine, G. L.; Hilinski, G. J. Drug Discov. Today Technol. 2012, 9, e41-e47; 

(b) Connors, W. H.; Hale, S. P.; Terrett, N. K. Curr. Opin. Chem. Biol. 2015, 26, 

42-47; (c) Smith, J. M.; Frost, J. R.; Fasan, R. J. Org. Chem. 2013, 78, 3525-3531. 

5. Koopmanschap, G.; Ruijter, E.; Orru, R. V. A. Beilstein J. Org. Chem. 2014, 10, 

544-598. 

6. Failli, A.; Immer, H.; Götz, M. Can. J. Chem. 1979, 57, 3257-3261. 

7. Pirali, T.; Tron, G. C.; Zhu, J. P. Org. Lett. 2006, 8, 4145-4148. 

8. Rivera, D. G.; Wessjohann, L. A. J. Am. Chem. Soc. 2009, 131, 3721-3732. 

9. Hili, R.; Rai, V.; Yudin, A. K. J. Am. Chem. Soc. 2010, 132, 2889. 

10. Liao, G. P.; Abdelraheem, E. M. M.; Neochoritis, C. G.; Kurpiewska, K.; 

Kalinowska-Tluscik, J.; McGowan, D. C.; Dömling, A. Org. Lett. 2015, 17, 4980-

4983. 

11. Madhavachary, R.; Abdelraheem, E. M. M.; Rossetti, A.; Twarda-Clapa, A.; 

Musielak, B.; Kurpiewska, K.; Kalinowska-Tłuścik, J.; Holak, T. A.; Dömling, A. 

Angew. Chem. Int. Ed. 2017, 56, 10725-10729. 

12. Abdelraheem, E. M. M.; de Haan, M. P.; Patil, P.; Kurpiewska, K.; Kalinowska-

Tłuścik, J.; Shaabani, S.; Dömling, A. Org. Lett. 2017, 19, 5078-5081. 

13. Abdelraheem, E. M. M.; Kurpiewska, K.; Kalinowska-Tłuścik, J.; Dömling, A. J. 

Org. Chem. 2016, 81, 8789-8795. 

14. Abdelraheem, E. M. M.; Madhavachary, R.; Rossetti, A.; Kurpiewska, K.; 

Kalinowska-Tłuścik, J.; Shaabani, S.; Dömling, A. Org. Lett. 2017, 19, 6176-6179. 

15. Abdelraheem, E. M. M.; Khaksar, S.; Dömling, A. Synthesis 2018, 50, 1027-1038. 

16. Abdelraheem, E. M. M.; Khaksar, S.; Kurpiewska, K.; Kalinowska-Tłuścik, J.; 

Shaabani, S.; Dömling, A. J. Org. Chem. 2018, 83, 1441-1447. 



 


	Title and contents

