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Abstract: Modulation of interactome networks, essentially protein-protein interactions (PPIs), 

might represent valuable therapeutic approaches to different pathological conditions. Since a 

high percentage of PPIs are mediated by α-helical structures at the interacting surface, the 

development of compounds able to reproduce the amino acid side-chain organization of α-

helices (e.g. stabilized α-helix peptides and β-derivatives, proteomimetics, and α-helix small-

molecule mimetics) focuses the attention of different research groups. This appraisal describes 

the recent progress in the non-peptide α-helix mimetics field, which has evolved from single-

face to multi-face reproducing compounds and from oligomeric to monomeric scaffolds able to 

bear different substituents in similar spatial dispositions as the side-chains in canonical helices. 

Grouped by chemical structures, the review contemplates terphenyl-like molecules, 

oligobenzamides and heterocyclic analogues, benzamide-amino acid conjugates and non-

oligomeric small-molecules mimetics, among others, and their effectiveness to 

stabilize/disrupt therapeutically relevant PPIs. The X-ray structures of a couple of oligomeric 

peptidomimetics and of some small-molecules complexed with the MDM2 protein, as well as 

the state of the art on their development in clinical trials, are also remarked. The discovery of a 
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continuously increasing number of new disease-relevant PPIs could offer future opportunities 

for these and other forthcoming α-helix mimetics. 
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1. Introduction 

Protein-protein interactions (PPIs) are essential in nearly all biological processes and their 

misregulation can contribute to multitude of pathological conditions, such as pathogen-host 

PPI networks, facilitating infections, cancer, diabetes and neurodegenerative diseases, among 

others [1–5]. Approximately 650.000 disease-relevant PPIs have already been estimated, but 

unfortunately 98% of them remain still unexplored [6,7]. Over years PPIs have been considered 

“intractable” and “undruggable” targets because they involve large, flat interfacial areas 

(1000-4600 Å), instead of the well-defined binding sites of enzymes and receptors, and do not 

bind endogenous small ligands that could provide a starting point for medicinal chemistry 

programs. However, over the last few decades, several studies have revealed that PPIs are 

mainly mediated by small domains called “hot spots” (300-1000 Å), which include a few key 

residues that contribute in an essential manner to the binding affinity of the interaction [8,9]. 

Most PPIs are mediated by three main protein secondary structure elements, α-helices, β-

turns and β-strands. α-Helices are the most common secondary structures in natural proteins, 

and play a key role in PPIs as recognition motifs, with 62% PPIs mediated by α-helical 

structures at the interface [10]. 

The implication of PPIs in different cellular processes, such as chemotaxis, proliferation, 

differentiation, endocytosis and apoptosis, among others, together with their key role in cell 

viral entry and in the coordination of bacterial physiological interactome, foster the interest in 

developing new chemical entities (peptides, peptide derivatives, peptidomimetics, small-

molecules) to disrupt/modulate them (Figure 1)[11,12]. In fact, navitoclax is an approved 

neoplastic agent targeting Bcl-2/Bcl-XL interaction, and there are other examples of PPI-

disruptor, small-molecule candidates that reached clinical trials for innovative cancer 

treatments [13,14]. In this area, some covalent PPI inhibitors seem to have also a promising 

future [14,15]. 

 



Figure 1. Schematic illustration of the proteomimetic concept to disrupt PPIs.  

 

HTS, virtual screening, fragment-based approaches and the search for peptidomimetics are 

among the most explored strategies in route towards PPI modulators [14,16–18]. 

Peptidomimetics, compounds designed to mimic a structural domain in a natural protein, have 

a great impact in medicinal chemistry not only to provide new leads for drug discovery [19], 

but also to identify key residues in PPIs of unknown nature [20]. Since the most common motif 

in PPIs is α-helix, several groups have focused on the development of α-helix mimetics through 

different approaches, such as stabilized α-helix peptides, helical β- and cyclic peptides, and 

helical peptoids [21–27]. Moreover, in these peptide-like molecules the use of non-natural 

amino acids and other artificial modifications increase the structural diversity, which can 

improve both binding affinity and metabolic stability [21]. 

Besides peptide-based approaches, significant efforts have been devoted to generate non-

peptide α-helix mimetics, capable of mimicking the spatial arrangement of key residues in 

native α-helices [28]. These compounds normally have higher enzymatic stability and improved 

bioavailability than peptide-based molecules [11,29].  

In this review, we highlight recent advances in non-peptide scaffolds able to bear convenient 

substituents in appropriate dispositions to mimic α-helices, and their applications to modulate 

therapeutically relevant PPIs.  Both the evolution from the simpler one-face helix mimetics to 

more complex molecules, capable of imitating several faces of the helix, and the progression 

from oligomeric to non-oligomeric scaffold are contemplated. 

2. Single-face α-helix mimetics 

In the seminal works on non-peptide α-helix mimetics by A. D. Hamilton, a terphenyl scaffold 

(1) distribute the residues along one helical face, predominantly occupying the positions i, 



i+3/4 and i+7 (Figure 2A, 2B)[30,31]. Terphenyl derivatives have been shown to inhibit many 

PPIs, such as Bak/Bcl-xL and p53/HDM2 interactions at submicromolar concentrations [32–34]. 

However, this scaffold has several limitations, such as synthetic difficulty and poor water 

solubility. Consequently, considerable efforts have been dedicated to the development of new 

oligomeric scaffolds with favorable physicochemical properties and accessible synthesis. 

Numerous strategies have been described in the literature, for instance the terpyridyl scaffold 

2, in which phenyl rings  were replaced by pyridine moieties, which improve aqueous solubility 

[35], or the introduction of different heterocycles such as oxazole and pyrazine rings, scaffold 

3, to increase the solubility due to the presence of hydrogen bonds donors and acceptors 

(Figure 2C) [36] . 

In another strategy, also developed by Hamilton’s group, they replace the terminal six-member 

aromatic units with more water soluble five-membered heterocyclic rings, giving rise to 5-6-5-

imidazole-phenyl-thiazole scaffold 4 (Figure 2C) [37]. In this case, the X-ray crystallography 

confirmed the structural arrangement of the side chains on the scaffold in α-helix-like 

disposition.  Moreover, a compound bearing this scaffold demonstrated its potential to disrupt 

Cd42-Dbs PPI with micromolar potency [37].  

Although no properly terphenyl derivatives the interest to increase the solubility and synthetic 

accessibility led to the development of oligopyridine-carboxamide foldamer 5 (Figure 2C). 

These compounds are able of mimicking α-helix surfaces and projecting the side-chains toward 

one face of the helix. The 3D organization is achieved by stabilizing bifurcated hydrogen bonds 

forming five-member rings, as confirmed by X-ray crystallography. Thus, some trimers within 

this series, bearing isopropoxy/benzyloxy side-chains, serve to mimic key hydrophobic residues 

of Bak BH3 domain (Val74, Leu78, Ile81, and Ile85) and are able to disrupt the Bak BH3/Bcl-xL 

interaction at micromolar concentrations [38]. In the same context, oligobenzamides 6 (Figure 

2C) have also encountered important applications as α-helix mimetics. This scaffold is more 

flexible than oligopyridilamides since it shows only hydrogen bounds between NH-O (alkoxy 

group) [39,40]. As an example, this structure was first applied to inhibit the p53-HDM2 

interaction [41],  suggesting that the oligoamide scaffold could be an interesting starting point 

for the creation of libraries against diverse PPIs, with many recent examples, as indicated 

afterwards.   

  



 Figure 2. (A) α-Helix with i, i+3/4, and i+7 side chains. (B) Terphenyl-based α-helix mimetics. 

(C) General structure of other described non-peptide, single-face α-helix mimetics based either 

on the terphenyl scaffold or on oligoamide derivatives. 

 

In this section, we highlight advances over the last few years in the development of structurally 

different scaffolds for imitating one face of α-helices and on recent biological applications of 

previously reported mimetics. 

2.1. Heterocyclic terphenyl-like scaffolds  

Following the good initial results with compounds like 3, having a 5,6,5-imidazole-phenyl-

thiazole skeleton as α-helix mimetics, the Hamilton’s group designed a rapid synthetic pathway 

to obtain a library based on this scaffold. They developed a flexible and rapid route, in which 

different substituents are introduced via high-yielding Ullman and Suzuki couplings and 

Hantzsch thiazole synthesis, starting from commercially available products [42]. Their interest 

was to study the ability of library components for disrupting relevant PPIs but, up to date, no 

new therapeutic applications of this library have been published. More recently, the group of 

Velazquez described a new series of compounds bearing this backbone, which was designed to 

unsettle the dimerization of Leishmania infantum trypanothione reductase (Li-TryR), a critical 

homodimer to parasite survival. First, as a “proof of concept”, they synthesized and tested a 

small peptide library in order to identify key residues for the interaction. Residues Leu, Gln and 

Ile at relative positions i, i+3 and i+7, respectively, were identified as important for activity 

[43]. Then, some pyrrolopyrimidine proteomimetics, bearing substituents imitating these side 

chains, behave as moderate inhibitors of the oxidorreductase activity of Li-TryR. However, they 

were neither able to disrupt the enzyme dimer, as confirmed by X-ray experiments, nor to kill 

the parasites. Finally, the use of an imidazole-phenyl-thiazole scaffold led to a new series of 



proteomimetics that allowed the identification of compounds 7 and 8 (Figure 3) as the first 

non-peptide Li-TryR dissociative inhibitors, displaying in vitro activity in the micromolar range 

[44].  

 

 

Figure 3. Examples of heterocyclic terphenyl-like α-helix mimetics. 

 

An alternative triazine-piperazine-triazine scaffold was developed by Lim and co-workers [45], 

replacing the central phenyl ring in terphenyls by a piperazine, which is more hydrophilic and is 

present in many biologically active molecules. In addition, this skeleton changes the phenyl 

end units by triazine rings, which are also considered privileged scaffolds in medicinal 

chemistry due to the biological activity of compounds containing it, and are synthetically more 

accessible. Moreover, this scaffold could bear additional groups for the modulation of the 

aqueous solubility by introducing hydrophilic groups such as amines. The synthesis of these 

compounds can be performed by solid-phase methodologies, following the one-bead one-

compound strategy, allowing for the rapid creation of diversely functionalized, small-molecule 

libraries. Furthermore, in this work, Lim have developed a high-throughput screening (HTS) 

based on one-bead one-compound (OBOC)[46] to identify new PPI modulators. The screening 

allowed the discovery of distinct triazine-piperazine-triazine-based inhibitors of Mcl-1/BH3 (9, 

Ki= 9.3 μM) and α-synuclein (10, Kd= 68 nM), as potential therapeutic approaches for the 

treatment of cancer and Parkinson disease, respectively (Figure 3). More recently, Lee et al. 

took advantage of this scaffold to design a new series of compounds that restrict the 

conformational rotation, in order to reduce the flexibility that can cause major entropy losses 

and thus low binding affinities in this type of mimetics. For this purpose, different bridges that 



connect one side amino groups were used, and new compounds 11 and 12 (Figure 3), with a 

PEG bridge (n=3, 4), were identified to improved up to 6-fold the inhibitory activity on Mcl-

1/BH3 (Ki= 2.6-2.9 μM). Whether this enhanced activity is due to the restricted conformation 

or to extra interactions of the bridge with the protein surface remains to be determined [47]. 

2.2. Heterocyclic oligoamides 

In the last decade, several oligopyridylamide-based foldamers were applied to modulate PPIs 

in different fields such as diabetes, neurodegenerative diseases, and viral infections. Several 

amyloid diseases, such as Alzheimer’s disease (AD) and type II diabetes are related to aberrant 

protein self-assembly, and oligopyridilamides have emerged as a powerful tool to disrupt this 

type of PPIs. Thus, tetrapyridylamide 13 (Figure 4) was developed by Hamilton and co-workers 

to inhibit islet amyloid polypeptide (IAPP) aggregation, a protein associated to the pathology of 

type II diabetes [48]. The interaction was supposed to occur through a complementary IIAP 

helical motif, the inhibition was lipid-dependent, and a plausible mechanism had been 

previously published [49]. An improvement in the synthesis of this type of compounds, 

assisted by microwave irradiation, allowed the preparation of a small library of tripyridylamide 

derivatives, facilitating the subsequent structure-activity relationship study. This study 

indicates that the anti-aggregation activity was strongly dependent on the substituent on the 

central pyridyl ring, with compound 14 (Figure 4) as the best component of the series. The 

authors claim that the short tripyridylamide derivative 14 inhibits IAPP fibrillation in a lipid-

dependent manner, and rescues insulin-secreting cells (INS-1) from the toxic effects of 

fibrillary IIAP, with comparable activity to longer proteomimetics (IC50 not disclosed) [50]. 

Analogues combining a pyridylamine and two oligobenzamides were also effective against IIAP 

fibrillation [51]. 

Regarding AD, the same group designed and evaluated an oligopyridylamide-based library in 

an attempt to disrupt the aggregation of Aβ peptides, since different oligomeric states have 

shown to have neurotoxic effects. A component of this library, compound 15 (Figure 4), binds 

to Aβ peptide at low micromolar concentration and have a potent antagonist effect on 

fibrillation, thus considering it a potential therapeutic agent for the treatment of AD [52]. This 

cationic compound is able to ameliorate the Aβ-induced cytotoxicity in mouse neuroblastoma 

cells (N2a) [53]. A differently substituted oligopyridylamide, 16 (Figure 4), with a 

predominantly anionic character, also inhibits primary and secondary fibrillation of Aβ42 and 

rescues Aβ-mediated toxicity in N2a cells. Using molecules labelled with fluorescein and 

confocal imaging experiments, the authors demonstrated that both mimetics retain antagonist 

activity in cellular milieu, but a different mode of interaction with Aβ was proposed for each 



compound. While 15 seems to form a high-affinity complex with a β-strand, expanding from 

Leu17 to Asp23 residues, proteomimetic 16 caps more exposed residues from H13 to F20, 

stabilizing an helical conformation of Aβ42 that precludes oligomerization and fibrillation [53]. 

Furthermore, compounds 15, and analogues substituting the benzyl group by iPr and n-Bu, 

targets and inhibits p53 aggregates, restoring the tumor suppression function of the Arg248Trp 

mutant, as described in a recent patent [54]. 

In addition to its utility as PPI modulators, the oligopyridylamide backbone has also been 

applied to study RNA‐protein interactions within the HIV field. This strategy was aimed at 

disrupting the assembly between transactivation response (TAR) RNA and TAT protein, a 

complex crucial in enabling the replication of viral DNA. Compound 17 (Figure 4) is able to 

imitate the interaction of TAT protein, being essential the presence of the three amine groups 

as side-chain mimetics of TAT Lys and Arg residues. This new compound not only has good 

binding affinity to TAR-RNA, with a micromolar KD, but also shows in vitro anti-HIV activity [55]. 

This approach could be of great interest, since targeting RNA is a challenging task, and this 

strategy has the potential to fine-tune the substituents for application to a wide range of 

different RNA-protein interactions.  

Other oligoamide-related scaffolds, in which the phenyl or pyridine rings are replaced by other 

heterocyclic systems, have also been described (Figure 4). Thus, oligoquinoline derivative 18 is 

one of the most potent inhibitors of Aβ fibrillation, disrupts preformed Aβ oligomers and 

rescues mouse neuroblastoma N2a cells from Aβ toxicity, in a similar way than interrelated 

proteomimetics 15 and 16 [56]. Circular dichroism (CD) and NMR experiments suggested that 

compound 18 stabilizes an α-helical conformation for Aβ peptides, inhibiting the formation of 

toxic β-sheet aggregates. In agreement with the other anionic mimetic 16, the NMR studies on 

18 pointed to a segment of Aβ (from His13 to Phe20) as the potential binding site. 

Oligopyrrolamide 19 (Figure 4) was described as an effective inhibitor of the IIAP fibrillation in 

physiologically relevant lipid membrane systems [57]. This tripyrrole derivative is more potent 

than the corresponding oligopyridineamide analogue, highly penetrating and has effects on 

preformed IIAP oligomers, but not on the corresponding fibbers, and shows specificity for IIAP 

versus βA. Pyrrole-based oligoamides had profusely been used as specific dDNA minor groove 

recognition elements [58].   

A synthetic method to innovative α-helix peptidomimetics containing a pyrazine-based 

oligoamide central scaffold has been described, and involved a palladium-catalyzed 

aminocarbonylation as key step [59]. 



  

Figure 4. Structures and targets of selective pyridine-, isoquinoline- and pyrrole-containing 

oligoamide α-helix mimetics.  

 

2.3. Oligobenzamides 



Different oligobenzamide-based α-helix mimetics have also been the center of interest in the 

last decade. A 4-aminobenzoic acid is the key monomer for these compounds, but two 

subfamilies can be distinguished as a function of the position of the i, i+3(4), i+7 side-chains: a) 

the 3-alkoxy derivatives and b) the N-alkyl substituted mimetics.  

Within the first subfamily, Fletcher’s group have proposed bis-benzamide-based small α-helix 

mimetics to inhibit c-Myc-Max PPI, an unprecedented strategy to inhibit c-Myc [60]. c-Myc is 

an oncoprotein that is only active when it binds to Max protein, forming a heterodimer. Bis-

benzamide 20 (Figure 5) binds helical c-Myc, without causing PPI dissociation, but impairing c-

Myc-Max heterodimer’s ability to bind to DNA. In addition, it demonstrated in-vitro activity at 

low micromolar concentrations, promoting the G0/G1 arrest in leukemia HL60 cells, but also 

certain toxicity, most probably due to the NO2 group. A similar bis-benzamide analogue 

containing O-isopropyl and O-propyl groups has been described as an inhibitor of the 

interaction between androgen receptor (AR) and its coactivator PELP1, with nanomolar 

antiproliferative activity [61].  

The first type of oligobenzamide-based scaffold has also been applied for the preparation of 

peptidomimetics able to disrupt HIF-1α-p300 PPI, another attractive anti-cancer target. The 

hypoxia inducible factor, isoform HIF-1, is involved in the cellular responses to hypoxia 

situations, a circumstance frequently observed in tumors. This factor is a heterodimer between 

HIF-1α and HIF-1β subunits. Under hypoxic situations, HIF-1α translocates into the nucleus 

where it binds to p300 coactivator, among other cofactors, to activate the transcription of 

genes, including the angiogenic Vascular Endothelial Growth Factor (VEGF). Based on the C-

terminal transactivation domain (C-TAD) of HIF-1 α, the group of Wilson designed aromatic 

oligoamides to mimic three key residues (Leu141, Leu145, Val148) of HIF-1α helix-3, with a 

relative disposition i, i+4 and i+7. Compound 21 (Figure 5), just mimicking 3 out of 42 residues 

of the C-TAD domain, was identified as the first biophysically characterized inhibitor of HIF-1α–

p300 PPI. In a fluorescent anisotropy competition assay, this compound showed an IC50 

inhibitory value of 9.2 M, and a >100 selectivity profile over other α–helix-mediated PPI 

(eIF4E/eIF4G) [62]. 

Helical hairpins are important super-secondary protein structures frequently present in 

globular and transmembrane proteins [63]. α-Hairpins are formed by two α-helices connected 

by a short loop region in specific geometric arrangements. Although α-helix mimetics have 

been developed extensively, hairpin-like α-helix mimetics have rarely been reported, even if 

this motif is present in several protein-DNA interactions. In this context, Hamilton’s group 

designed a family of α,α-hairpins formed by two oligoamide-based α-helix mimetics connected 



by different dicarboxylated linkers, such as derivatives of polyethylene glycol (PEG), xanthene, 

phenanthroline, dipicoline, and isophtalic and suberic acids. Semi-empirical quantum 

calculations on these potential α-hairpin mimetics indicate that the angular orientation 

between both helix arms is dependent on the type of the spacer, thus allowing the 

reproduction of many different secondary arrangements found in proteins.  To the best of our 

knowledge, no biological applications of these mimetics have been published yet [64]. More 

recently, a new series of α,α-hairpins have been synthesized and then studied by molecular 

modelling. Specifically, reverse docking allows the identification of oligoamide derivate 22 

(Figure 5) for potential receptor targets involved in virus infection, inflammation and 

immunomodulatory and neoplastic disease [65]. This new class of peptidomimetics could 

represent a starting point for the mimicry of high-ordered protein architectures. 

As for the second subfamily, the Wilson’s group has described N-alkyl oligoamide 

peptidomimetics as alternative α–helix mimetics for PPI inhibition. They synthesize a library of 

77 members of N-alkylated aromatic oligoamides using microwave-assisted solid-phase 

synthesis, with the aim of identifying new inhibitors of the p53/HDM2 interaction [66]. 

Oligoamide 23 (Figure 5) behaves as mimetic of p53, able to disrupt the p53/HDM2 interaction 

(checked by H-N-HSQC), and induces apoptosis in cancer cells lines, reducing tumor cell 

viability. Moreover, this compound operates as inhibitor of Mcl-1-NOXA-B PPI at micromolar 

concentrations, thus acting as dual inhibitor of these two PPI interactions involved in tumor 

development. Related peptidomimetics with two oligoamide units and an ethylene glycol 

linker were prepared by solid-phase synthesis following a click chemistry reaction [67]. This 

kind of multivalent ligand promoted the dimerization of HDM2, occupying the p53 binding site, 

a strategy that could be exploited to induce the dimerization and/or the controlled assembly 

of other PPI system. N-alkyl oligoamide-based trimers and their biotinylated derivatives were 

also used for recognizing peptide sequences with high affinity and selectivity for 

peptidomimetics [68]. Biotinylated derivatives, like 24 (Figure 5), were immobilized and 

incubated with an Affimer small protein library for the identification of selective protein 

binders. This methodology could have broader application, guiding the detection of disease 

relevant peptide/protein targets for different foldamers. 

 



 

 

Figure 5. Structure and targets of selective oligobenzamide α-helix mimetics. Alkoxy (up) and 

N-alkyl (middle) derivatives. 2D and 3D X-ray structure of mimetic 25 (down), generated by a 

dynamic combinatorial approach. 



 

The identification of new PPI inhibitors is generally carried out by preparing and evaluating 

libraries of compounds whose synthesis has been improved by using different solid-phase 

synthesis methodologies. However, a novel strategy based on creating dynamic libraries 

appears a valuable alternative. Dynamic combinatorial chemistry is a powerful tool in drug 

discovery that relies on the reversible generation of all possible combinations within a set of 

building blocks. The equilibrium of these temporary generated molecules can be altered by the 

addition of a selected target, which displaces the equilibrium to molecules with optimal 

binding. This strategy has been applied to helix mimetics by A. D. Hamilton, using an 

oligoamide template with aldehyde groups at positions corresponding to i, i+3 or i+4 and i+7 

side-chains in α-helices [69]. The advantage of this approach is that a single oligo-aldehyde can 

serve to identify optimal inhibitors for different PPI targets. Thus, the addition of several 

amines and hydrazines generated libraries of imine- and hydrazine-based helix mimetics with a 

common oligo-amide backbone. Moreover, computation, X-Ray crystallography of mimetic 25 

(Figure 5) and NMR experiments confirmed that substituents are arranged in i, i+3/4 and i+7 

positions, like in α-helices. This work opens the way to the use of dynamic combinatorial 

libraries for the discovery of new PPI inhibitors.  

2.4. Oligomeric amino acid-containing conjugates  

Aromatic helix mimetics, as well as many other oligomeric proteomimetics are achiral, 

preventing a truly discrimination between chiral protein pockets. Given the structural diversity 

of proteinogenic amino acids and their chirality, they can be considered attractive units for the 

creation of chiral peptidomimetics. In this line, several groups explored the incorporation of 

amino acid residues in combination with one or two benzamide moieties in the search for new 

α-helix mimetics. 

The use of a central 4-amino-3-alkoxybenzamide scaffold flanked by N- and C-terminal amino 

acid residues is a method to provide α-helix mimetic structures quickly and easily, as described 

by Boger and co-workers [20]. They prepared a big library, just by combining 20 arylmonomers 

with 20 amino acids at the two positions of the arylmonomer, leding to 8000 members of aryl 

trisubstituted α-helix mimetics. This library was tested against p53-MDM2 and HIV-1 gp41, 

providing not only lead structures for drug discovery, but also valuable information on binding 

when the nature of the interaction is unknown. Thus, two compounds 26 and 27 (Figure 6) 

were identified as high affinity inhibitors of each indicated PPI, respectively. Compound 26 

mimics the three key amino acid side-chains (Phe19, Trp23, Leu26) on one face of p53 α-helix, 

while compound 27 is capable of mimicking key residues of the hydrophobic pocket of gp41 



(Trp628, Trp631 and Ile635), in addition to Asp632, mirrored by the C-terminal carboxylic acid. 

This study illustrates that it is possible to fin-tune the selectivity of structurally similar helix 

mimetics just by changing the corresponding side-chain groups. 

Wilson’s group has studied the importance of stereochemistry in protein recognition through 

α-helix mimetics incorporating two 4-amino-3-alkoxybenzamide moieties alternated with two 

amino acid residues [70]. Normally, peptidomimetics can adopt different conformations and 

only some of them are capable of mimicking the pharmacophore. In order to understand the 

rules that govern the molecular recognition between peptidomimetics and proteins, new 

oligoamide-based scaffold with an intercalated α-amino acid were studied on the p53-HDM2 

interaction. They tried to mimic key residues of p53 (Phe19, Trp23, Leu26), and identified 

compound 28 (Figure 6) as a selective inhibitor of this interaction, at a micromolar 

concentration, versus the Mcl-1-NOXA-B PPI. Curiously, the enantiomer of 28 shows similar 

results for the inhibition of the p53-HDM2 PPI, but no selectivity is observed, since it also 

inhibits Mcl-1-NOXA-B. Surprisingly, the substitution of the central amino acid Phe by Trp leads 

to the opposite trend in selectivity, being the D-Trp-containing mimetic the most selective. 

QSAR analysis of this type of oligoamide-based p53/HDM2 inhibitors was also carried out [71], 

studying hydrophobicity, electronic and steric effects, as well as H-bonding interactions, by 

changing para substituents on the benzyl ring of central Phe. These studies indicated that the 

dominant contribution on the inhibitory activity is the hydrophobic character of the central 

amino acid residue, due to the hydrophobic nature of the binding site. This work represents 

the first QSAR study on α-helix mimetics, and could open the way toward the design of other 

PPI small-molecule inhibitors. In a more recent work,  the same group have tried to replace the 

S-peptide at the active site of S-protein (RNase S) with peptidomimetics in order to form a 

complex protein-peptidomimetic capable of hydrolyzing RNA [72]. Thus, compound 29 (Figure 

6) was identified as an activator of RNase S, showing low micromolar affinity. Non-covalent MS 

analysis seems to indicate that this compound binds to the S-peptide binding site on the S-

protein. This “bionic” S-protein/proteomimetic represents a proof of concept that 

peptidomimetics can act as components of a functional quaternary structure that performs 

RNA hydrolysis. 



 

Figure 6. Benzamide- and oxopiperazine-amino acid hybrids as α-helix mimetics. 

 

To circumvent the achirality limitation of terphenyls, the Arora’s group develops 

oligooxopiperazine dimers as a new class of nonpeptidic α-helix mimetics. This structure 

adopts stable conformations able to mimic the i, i+4, and i+6 or i+7 residues on an α-helix [73]. 

Moreover, the scaffold shows chirality, and it is expected it can interact with molecular binding 

pockets with higher affinities than achiral mimetics. They designed and prepared a series of 

oxopiperazine dimers, bearing the appropriate building blocks for mimicking key residues of 



HIF-1α (Leu818, Leu822 and Gln824) to disrupt the HIF-1α-p300 interaction [74]. Among them, 

oligooxopiperazine 30 (Figure 6) was identified as a potent inhibitor of HIF-1-α-p300 (Kd = 0.53 

µM). Besides, this compound significantly reduces HIF promoter activity and down-regulates 

the expression of hypoxia-inducible genes. Moreover, the in vivo potential was assessed in a 

murine tumor xenografts derived from the tripe-negative breast cancer cell line MDA-MB-231. 

The treatment with 30 reduced the median tumor volume by roughly 50% compared to the 

untreated group [75]. 

2.5. Other oligomeric-related scaffolds  

A hybrid containing a urea moiety joining a benzothiazole and a thiophene rings was 

developed by the group of Hamilton [76]. Taking advantage of S/O intramolecular interactions, 

the resulting scaffold possess a high degree of conformational pre-organization, as revealed by 

theoretical calculation, NMR spectroscopy in solution and X-ray crystallography. The crystal 

structure of a model compound, 31 (CCDC 1453550), shows that the substituents at the 2-

amino group, at position 4 of the benzothiazole and at position 3 of the thiophene ring point to 

i, i+4 and i+7 side-chains disposition, respectively, like in a canonical α-helix (Figure 7). An 

appropriately functionalized variant, compound 32, disrupts the β-fibrillation of IAPP, 

associated with the pathology of type-II diabetes, acting as a protein surface mimetic. 

Moreover, in the presence of this compound, the fibrillation of IAPP is delayed in comparison 

to control (t1/2  = 23.1 h vs 10 h). 

 

  

 

Figure 7. Other mimetics with a S/O stabilized scaffold. X-ray of mimetic 31 (middle) 



 

2.6. Non-oligomeric scaffolds 

The discovery of Nutlins (tetrasubstituted dihydroimidazole derivatives, i.e. Nutlin 3a (33), 

Figure 8) as p53-MDM2 potent inhibitors [77], promoted the search for other small-molecule 

inhibitors having a single central scaffold and behaving as mimetics of the p5315-29 fragment. 

Among described Nutlin analogues that reached clinical trials, compound 34 (RG7388) (Figure 

8) was able to activate the p53 pathway in a daily dosing for 5 days, and to reduce in vivo 

proliferation of tumors (NCT01462175) [78]. Related 1,4,5-trisubstituted imidazole derivatives 

with long, functionalized aliphatic linkers have also been described as inducers of MDM2 

dimerization, opening new opportunities for further conjugation [79]. The structure of 

MDM2_E69AK70A construct with Nutlin 3a was solved by X-ray at 1.6 Å resolution (PDB code 

4HG7, Figure 9B) [80]. The pose observed for Nutlin 3a at the N-terminal domain of MDM2 

indicated that the halophenyl rings occupies the same pockets than Trp23 and Leu26 in the 

MDM2–p53 complex (PDB entry 1YCR, Figure 9A). 

A bit more sophisticated spiro derivatives have also been developed by different companies as 

MDM2 inhibitors to restore dysfunctional p53 activities. At Roche, enantiopure 4',5'-

dihydrospiro[pyrrolidine-3,6'-thieno[3,2-b]pyrrole derivative 35 (RO5353) (Figure 8) displays an 

IC50  value of  6 nM in binding assays, and a high antiproliferative potency and selectivity 

against a panel of tumor cell lines expressing wild-type p53 (SJSA, HCT116, and RKO), having 

potential for clinical development [81]. The crystal structure of 35 bound to MDM2 (code 

4LWV) indicated that the compound occupies the p53 binding pocket, with the 2-

chlorothienyl[3,2-b]pyrrol-5-one spiro-moiety  and the 3-chloro-2-fluoropheny group located 

similarly than protein p53  Trp 23 and Leu26 residues, respectively (Figure 9C).  

Structure-based optimization of related spiroindole derivatives by Boehringer Ingelheim led to 

compound 36 (BI-0252) (Figure 8) with nanomolar binding affinity for MDM2 protein, 

interrupting its interaction with p53. When tested for in vivo efficacy in a SJSA-1 (p53 wild 

type) osteosarcoma xenograft model, compound 36 induced the regression of tumor from a 25 

mg/kg dose.  MDM2-36 complex (PDB code 5LAZ) indicates important interactions of the small 

molecule with the side-chain of protein His96 residue, namely an H-bond with pyrrolidine NH 

and a π−π interaction with the 3-chloro-2-fluorophenyl group (Figure 9D) [82]. Besides, the 

binding pocket of Trp23 is occupied by the oxoindole ring, with its NH involved in another 

hydrogen bond with the backbone carbonyl of Leu54 residue (Figure 9D). This hydrogen bond 

is also formed with the oxoindole moiety of compound 35, and the indole ring of p53 Trp23. 

https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdb&pdbId=4hg7
https://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdb&pdbId=1ycr


 

The group of Shaomeng Wang at University of Michigan, in collaboration with Jiangsu 

Ascentage Biomed Development and Suzhou Ascentage Pharma, performed a thorough SAR 

study on spirooxindoles as MDM2 inhibitors [83].  One of the most potent compound in this 

series, 37 (Figure 8), displays nanomolar binding affinity for MDM2 and restores the activity of 

p53. In addition, it displays low nanomolar antiproliferative activity in different p53 positive 

human tumor cell lines, and achieves a long-lasting regression in xenograft tumors in mice 

(SJSA-1 and RS4;11 acute leukemia model). Because of its excellent stability in solution and its 

good pharmacokinetic profile, compound 37 was promoted to phase I clinical trials to treat 

malignant salivary gland cancer (NCT03781986), among other carcinomas. 

Structurally related to spiropyrrolidineoxindoles, the group of Angela Marinetti described a 

series of spirocyclopentene-oxindoles with antitumor activity in wild type p53-containing 

cancer cell lines [84]. 

Piperidinones ring, present in many biological active molecules and natural products [85], is 

another important scaffold in the development of α-helix mimetics for cancer treatment. Sun’s 

group at Amgen inc. developed a structure-based drug discovery program to identify new p53-

MDM2 inhibitors able of mimicking the three key residues of p53 responsible of this PPI [86]. 

Hit to lead optimization led to the discovery of piperidinone 38 (Figure 8) as a potent and 

selective MDM2 inhibitor, with a good pharmacokinetic profile and in vivo activity. Once again, 

the crystal structure of the complex with the protein indicates that the substituents of 38 

occupies the critical binding pockets of p53 within MDM2 (code 4ERF). In this particular case, 

the C5 3-chlorophenyl group fills the Leu26 pocket, the 4-chlorophenyl group at C6 position 

occupies the Trp 23 binding cavity and the ethyl group is within the Phe 19 pocket (Figure 9E). 

In addition, the carboxylate group stablished a direct interaction with the imidazole ring of 

MDM2 His96 residue. Subsequently, piperidinone 39 (AMG232, KRT-232) (Figure 8) was 

identified as the most potent inhibitor of this PPI with excellent pharmacokinetics properties 

[87]. This new compound is under several clinical trials for cancer therapy (alone or in 

combination with other chemotherapeutics), including phase 1b/2a for metastatic melanoma 

(NCT02110355), myeloid leukemia (NCT02016729), multiple myeloma (NCT01723020), and 

glioblastoma (NCT03107780) [88]. Very recently, AMG232 (39) was also described as a first in 

class monotherapy for treating p53-dependent Merkel carcinoma, an aggressive 

neuroendocrine skin cancer with very poor prognosis (NCT03787602) [89]. Structurally related 

morpholinone derivatives have also been described by the same company [90]. 



The group of Hardcastle and Lunec reported on the use of the isoindolinone central scaffold 

for the discovery of MDM2-p53 antagonists though NMR titration with MDM2.  After extensive 

SAR studies, the (-) isomer of compound 40 (Figure 8) showed potent MDM2-p53 activity 

(IC50 = 44  nM), activates the p53-dependent MDM2 pathway and inhibiting growth in MDM2 

amplified cell lines with micromolar potency (i.e., SJSA-1, HCT-116, A2780) [91,92]. 

A research program initiated by a virtual screening hit identification, and followed by target 

structure-guided optimization, led to a family of dihydroisoquinolinone effective MDM2 

inhibitors. In this work, after a broad SAR study, the group of Philipp Holzer at Novartis identify 

compound 41 (NVP-CGM097) (Figure 8) as a potent inhibitor   of the p53-MDM2 PPI (IC50 = 1.7 

nM), selective over MDM4 [93]. The X-ray co-crystal structure of compound 41 bound to 

MDM2 was solved at 1.80 Å resolution (PDB code 4ZYF), revealing that the 

dihydroisoquinolinone scaffold correctly positioned substituents to occupy the three critical 

binding pockets of p53 residues, Leu26 (mimicked by OiPr), Trp23 (by 4-chlorophenyl), and 

Phe19 (4-pyridyl/Cy) (Figure 9F). In contrast to Nutlin 3a, this compound shows interspecies 

variability, being 16-, 37- and 51-fold more potent on human than on dog, rat and mouse, 

respectively.  Compound 41 inhibits SJSA-1 tumor growth (rats, dose dependent) and enters a 

phase 1 clinical study for dose escalation in patients with solid tumors (NCT01760525). The 

same company described a structurally different family of p53-MDM2 inhibitors, having a 

pyrazolopyrrolidinone central core, and displaying potent in vitro activity and excellent oral 

efficacy [94]. Within this series, compound 42 (Figure 8) was progressed to in vivo studies, with 

high efficacy in a xenograft model based on SJSA-1 in immunodeficient rats. The crystal 

structure with MDM2 protein (2.0 A, code 5LN2) indicated that chlorophenyl moieties engaged 

p53 Trp23 and Phe19 sub-pockets, while the Leu26 binding pocket is occupied by the 

methoxyphenyl ring (Figure 9G). The CO group of 42 stablishes a hydrogen-bond with the 

imidazole of His96, which is also involved in a π–π stacking interaction with the N-chlorophenyl 

aromatic ring (Figure 9G). Further optimization of this family of compounds afforded HDM201, 

a clinical candidate currently under several clinical trials for the treatment of different cancers 

in combination with other therapeutic agents (i.e., NCT02601378, NCT03760445).  

Very recently, the group of Fletcher described densely functionalized isoxazole, pyrazole, and 

thiazole derivatives with key substituents of p53 and Bim-BH3, and discovered dual inhibitors 

of their partner proteins HDM2 and Mcl-1 [95]. Although further optimization and the in vivo 

proof concept are still needed, these compounds seem of interest as new multifunctional 

anticancer drugs. 



 

 

Figure 8. Selection of identified p53-MDM2 inhibitors based on non-oligomeric scaffolds. 

 



 

Figure 9. View of X-ray structures of (A) p-53-MDM2 complex (pdb code 1YCR); and of the 

complex of MDM2 bound to ligands (color cyan) (B) 34 (pdb code 4HG7), (C) 35 (pdb code 

4LWV), (D) 36 (pdb code 5LAZ), (E) 38 (pdb code 4ERF), (F) 41 (pdb code 4ZYF), (G) 42 (pdb 

code 5LN2). For clarity only polar hydrogens are shown. Hydrogen bonds are depicted as red 

dashed lines. 



 

 3. Multi-facial α-helix mimetics. 

Traditionally, helix mimetics reproduce key residues projected on only one face of the helix, as 

shown above. However, given that one-third of PPIs interact through more than one face, 

there is a great interest in the development of α-helix mimetics able of mimicking several 

helical faces [10].  The development of multi-facial α-helix mimetics is still in its infancy, but 

some examples already recognize their potential in the search for potent and selective 

therapeutic agents. During the last decade, several groups have designed different scaffolds 

projecting side chains on more than one face, some of them just resulting from additional 

decoration of previously reported scaffolds, thus converting single-face to multi-face helix 

mimetics, such as oligoarylamides 43 [96,97],  and benzoylureas 44 [98]). In addition, 

polysubstituted single scaffolds like 1-2-diphenylacetylenes 45 [99], trisubsitutedpurines 46 

[100], tetrahydro-1H-benzo[e][1,4]diazepines 47 [101], and azaoctanes 48 [102] are compiled 

in previous reviews  [103,104] (general formulae in Figure 10). The application of multi-faced 

helix mimetic methodologies to therapeutically relevant targets for different diseases is 

nonetheless just starting, with main attention in cancer therapeutics up to date.  

 

 

Figure 10. General structure of previously published multi-facial α-helix mimetics: 

bisbenzamides, benzoylureas, diphenylacetylenes, purine derivatives, tetrahydro-1H-

benzo[e][1,4]diazepines  and azaoctane scaffolds. 

 



α-Helices in proteins are normally involved in interactions with DNA, RNA and other proteins. 

In many cases these interactions happen through α-helices that are deeply embedded in their 

targets and, in these cases, the development of multi-facial mimetics is tremendously 

advantageous. In this review, we focus on the advancement on multi-facial α-helix mimetics 

described mainly in the last five years. The terphenyl scaffold has not only been applied to 

mimic a single face, but also to distribute side-chains on all faces of an α-helix. One example is 

the development of terphenyl-based scaffold to target Rev Recognition Element (RRE)-Rev. 

This is a ribonucleoprotein complex, which may be an unexplored target for HIV because its 

involvement in the virus replication cycle. To search for disruptors of this PPI, the groups of 

Santos Fustero and José Gallego designed and synthesized a new series of 1,4-subsituted 

terphenyls, mimicking all faces of the HIV-1 Rev protein [105]. This scaffold, based on a 

previous work by the same group [106], projects the side-chains of essential amino acids for 

the interaction at positions i, i+2, i+4, i+6, i+7, and i+9, and given the arginine-rich Rev α-helix, 

the terphenyl derivatives bear several positive charged aminoalkyl groups. Among this series, 

compounds 49 and 50 (Figure 11) show RRE-Rev inhibitory activity and, more importantly, 

inhibit HIV replication at micromolar concentrations. Furthermore, these molecules likely act 

through a multi-target mechanism, influencing different step of the HIV cycling, as both the 

inhibition of LTR promoter dependent RNA transcription and Rev function. 

A new synthetic strategy to build teraryl-based α-helix mimetics has been reported not long 

ago [107]. The process combines an electrooxidative, dehydrogenative cross-coupling of 

phenols with Pd-catalyzed Suzuki-cross-coupling reactions as crucial synthetic steps for the 

generation of quateraryl derivatives. The possible selective decoration of the central scaffold 

was explored through the preparation of an Ile-Leu-Leu-Arg BCl9 helix mimetic in reasonable 

yield, although no biological validation is provided. 

 



 

Figure 11. Selected multi-faced oligomeric α–helix mimetics. 

 

Lim’s group has reported a method to convert one-face triazine-piperazine-triazine scaffold to 

two-face mimetics [108]. They demonstrated that mimetic 51, based on scaffold 9 and bearing 

carboxylate side-chain at i-2 and i+5 positions, improved binding affinity and showed more 

potent inhibitory effect for Mcl-1/BH3 (Ki = 0.53 µM) than 9 (Ki = 9.3 µM) (Figure 11). Scaffold 9 

(Figure 3) has two additional substituents in the opposite face to the interacting surface. 

Therefore, the modulation of the indicated PPI could be achieved through the incorporation of 

different substituents. Thus, a series of CO2H- and NH2-containing chains were incorporated in 

an attempt to improve the affinity through additional interactions with hydrophilic residues of 

the protein. The best results were found for negatively charged compounds, which likely 

overlay with Glu7 and Asp17 of the BH3 domain. Apparently, this methodology could be 



applied to the generation of selective modulators of many other PPIs controlled by amphiphilic 

helices. 

Given the interest in new peptidomimetics able to mimic more than one face, Wilson and 

colleges designed and synthesized a new foldamer scaffold, derived from N-(4-

aminophenyl)terephthalamidic acid 52 (Figure 11) [109].  The synthetic pathway was adapted 

to obtain a multitude of analogous with high diversity of side-chains. As demonstrated by 

molecular modelling, the substituents in these mimetics have the ability to simulate 

specifically the i, i+3 and i+4 positions. To validate this scaffold, they selected the interaction 

between the estrogen receptor (ER) and its co-activator, an important PPI in the development 

of certain cancers, and that occurs through more than one face. Docking studies indicated that 

these bis-phenylamides, exemplified by compound 52, display favorable interaction with ER 

and filled the hydrophobic space normally occupied by the co-activator. Moreover, the 

terminal carboxamide and aniline groups form electrostatic interaction with ER. Unfortunately, 

the theoretical results were not translated into significant effects when tested in a 

fluorescence polarization competition assay. Given the importance of oligoarylamides in the 

modulation of PPIs, a novel series of oligobenzanilides was designed as multi-facial α-helix 

mimetics [110]. This consist in a 3-O-alkylated, 4-N-dialkylated benzanilide  library of general 

formula 53 (Figure 11), which was designed and synthesized in an attempt to mimic i, i+2, i+4, 

i+6, i+7, and i+9 side-chains of a canonical α–helix. The synthesis of this library was based on 

13 monomers, which were linked to a solid-phase resin for enabling dimers and trimers, 

correspondingly functionalized with hydrophobic and polar side-chains. The process involves 

repetitive steps of activation, coupling, deprotection, and cleavage from the solid support. A 

single crystal of the dimeric oligoamide 54 (Figure 11) evidenced a cis-amide bond with the 

two 3-O-substituents on opposing faces of the molecule, and significant axial chirality due to 

restricted Ar−N bond rotation. The authors suggest that these new oligobenzanilide scaffolds 

might be of application to inhibit complex PPIs, with interface mediated by more than one α-

helix face, such as myosin tail interacting protein (MTIP) and myosin A (MyoA), which are 

involved in malaria parasite invasion, or β-catenin, which forms multi-facial PPIs with T-cell 

factor (Tcf-4) and B cell lymphoma 9 (BCL9), both involved in cancer. To the best of our 

knowledge, no details on the bioactivity of this series of multi-face α-helix mimetics have been 

disclosed yet.   

Fletcher’s group is one of the most active in the development of non-oligomeric multi-face 

scaffolds. They described compound 55 (Figure 12), containing five substituents, 

corresponding to the key side-chains of Bim-BH3 α-helix responsible of the Bim/Mcl-1 



interaction [99,111]. This bis-phenylacetylene derivative disrupted the indicated interaction 

with micromolar potency. Lately, a publication by the group of Andrew Hamilton described the 

exploration of a related diphenylacetylene scaffold in the search for antimicrobial peptide 

mimetics [112]. Some of the described peptide conjugates show non-hemolytic, selective 

antibacterial activity against Bacillus subtillis, and it seems that this activity can be correlated 

to amphiphilicity of compounds. 

Also developed by Fletcher’s group, another specific example of of Mcl-1-Bak-BH3 inhibitor is 

the trisubstituted purine 56 (Figure 12) This compound is able of mimicking strategic residues 

of Bak-BH3 (Leu78, Ile81, Asp83 and Ile85) and showed inhibitory effect in the micromolar 

range [100].  The purine scaffold has also been used in the search for p53-MDM2 inhibitors, 

with 8-triazolyl derivatives within the most potent compounds in the series [113].  

The structure-guided transformation of a model oligomeric α–helix mimetic led to a low 

molecular weight, nicotinic acid derivative 57 (Figure 12) able to bind to Mcl-1 protein with a 

similar potency to the larger proteomimetic [114]. HSQC NMR data suggested that the Cl-

phenyl substituent occupies the P2 pocket of Bak while the CO2H group is engaged in a salt 

bridge with Arg263 residue of Mic-1, thus allowing a bifacial interaction. A similar strategy led 

to the discovery of hydroxynaphthoate-based Mcl-1 inhibitors, exemplified by compound 58 

(Figure 12), with nanomolar potency for Mcl-1 and good antiproliferative activity in A375 and 

SK-MEL-5 melanoma cells, which can be improved by the corresponding acetoxymethyl ester 

prodrugs [115]. Also focused in the BH3 mimicry, substituents in pyridine derivative 59 (Mcl-1 

low micromolar inhibitor) were designed to mimic multi-face i, i+2 and i+7 side chains of the 

Bak-BH3 α-helix (Figure 12) [116]. A fragment-based approach, using main pockets in the Mcl-1 

BH3 groove, facilitated the design of indol-containing Mcl-1 inhibitors, exemplified by 

compound 60 (Figure 12). This indole derivative exhibits low nanomolar binding affinity and 

high selectivity over Bcl-xL [117]. 

  

 

 



 

 

Figure 12. Representative examples of double-faced non oligomeric α-helix mimetics and their 

targets.   

 



The development of new compounds able to inhibit different PPIs involved in a given disease 

represents a great goal. In the cancer field, Zhang’s group have designed pyrazolyl α-helix 

mimetics to disrupt p53-MDM2 and Bim-Bcl-2/Mcl-1, which are both central nodes in 

apoptosis [118]. They have synthesized novel semi rigid, pyramid-like scaffolds that are 

capable of mimicking key residues in the i, i+3, i+5, and i+7 position of Bim (Leu62, Ile65, 

Asp67, Phe69) and in the i, i+2, i+4, and i+7 position of p53 (Phe19, Asp21, Trp23, Leu26). 

Among them, compound 61 (Figure 12) was identified as the first dual inhibitor of Bcl2 and 

MDM2. This compound shows submicromolar direct binding affinities for Mcl-1, Bcl-2 and 

MDM2, and anti-tumor activity in both MDM2-dependent (HCT-116 p53+/+) and Bcl-2-

dependent (DMS 53) living cells. The dual behavior is possible due to the rotation through C-N 

bond, which can modulate the distance and the angle to adopt different helicities.  NMR 

studies established experimentally that compound 61 accommodates correctly in the same 

pocket as Bim-BH3 in Mcl-1, and houses in the binding site of p53 in MDM2.  A complete 

compendium on Bcl2 proteins, synergism with other antitumor targets, and detailed structure-

activity relationships in different families of Bcl-2 inhibitors has recently been published by T. 

Liu and coworkers [119]. 

A recent approach following two rounds of activity-directed synthesis (ADS) and microscale 

reactions, allowed the identification of four different innovative series of p53/HDM2 inhibitors 

that still require of preclinical validation [120].   

 

4. Conclusions and perspectives 

While conventional drug design has mainly been dedicated to the inhibition of single proteins 

(enzymes, GPCRs, NRs, etc), the modulation of transitory protein-protein interactions (PPIs) 

has a growing interest in recent years. Their implications in almost all biological processes and 

their dysregulation under several, important pathological conditions are behind this increasing 

attention. Although PPIs were originally thought to be undruggable, due to large protein 

interfaces, the discovery that only small regions of interacting proteins (hot-spots) contributed 

decisively to the interaction energy driven the development of modulators of these 

interactions. In many cases, the hot-spot regions are included within α–helical segments of the 

interacting proteins. Therefore, it is not surprising the great efforts focused on helical peptide 

derivatives and α-helix mimetics. Nowadays the field of PPI modulation is moving from 

peptides to proteomimetics and from them to small molecules, as shown in this review, and 

from the predominant search of PPI inhibitors to the stabilization of these interactions as 



valuable therapeutic approaches [121]. Within proteomimetics, main evolution comes from 

the initial single-face mimetics, able to imitate side chains at i, i+3/i+4, and i+7 relative 

locations, to multi-face mimetics, allowing the central scaffold to project substituents in 

different directions, as the residue side-chains in canonical α–helices. The migration from 

oligomeric to monomeric scaffolds, with lower molecular weight and supposed better 

pharmacokinetic properties, is a success already for p53-HDM2 inhibitors and some further 

cancer-related PPIs, but still needs validation for other therapeutically relevant PPIs.  A recent 

theoretical work described the potential interest of small-molecule α-helix mimetics to target 

the interaction between ACE2 N-terminal helix and SARS-CoV-2 Spike RBD domain, in the 

search for mechanistically innovative treatments of the emerging pandemic, COVID-19  [122]. 

Therefore, the future discovery of new disease-relevant PPIs will undoubtedly offer new 

opportunities for helix mimetics. The development of new scaffolds, offering the incorporation 

of a variety of substituents with adaptable spatial orientation, different global flexibility 

degrees, and effective synthetic methodologies for their preparation, are research areas that 

will need of basic research efforts to warrant the advancement in this field. 
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