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Abstract
Herein we describe a versatile approach for the synthesis of acylhydrazino-peptomers, a new class of peptidomimetics. The key

idea in this approach is based on a simple route using a one-pot hydrazino-Ugi four-component reaction followed by a hydrazino-

lysis or hydrolysis reaction and subsequent hydrazino-Ugi reaction or classical Ugi reaction for the construction of acyclic acylhy-

drazino-peptomers. The consecutive multicomponent reactions produced a variety of acylhydrazino-peptomers in moderate to

excellent yields (47–90%). These compounds are multifunctional intermediates that can be further functionalized to obtain new

peptidomimetics with potential biological activity.
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Introduction
In the last decades, increasing efforts have been extensively

carried out to improve the pharmacological properties of natural

peptides by structural modification of the amino acids [1-8].

These modifications allowed the obtention of molecules

that mimic the properties of peptides (peptidomimetics)

but usually exhibit greater proteolytic stability, increased

cellular permeabilities and avoid stereochemical constraints.

Figure 1 represents some of the most important classes of

peptidomimetics so far obtained and highlights the differences

among them. Of these, peptoids (oligomers of N-substituted

glycine residues) [9-12] are the most common and may

have interesting biological activities. For instance, peptoid 1

is a target for cancer therapeutics for being an antagonist

of the vascular endothelial growth factor receptor 2 [13];

peptoid 2 is a ligand of the protooncogene Crk [14];

and peptoids 3 and 4 showed a high affinity for the α1-adren-

ergic and μ-specific opiate receptors [15], respectively

(Figure 2).
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Figure 1: Structural features of (a) peptide, (b) peptoid, (c) peptomer, (d) azapeptide, (e) azapeptoid, (f) hydrazinopeptide and (g) hydrazinopeptoid.

Figure 2: Some biologically active peptoids.



Beilstein J. Org. Chem. 2016, 12, 2865–2872.

2867

Figure 3: Biologically active hydrazinopeptides and representation of the hydrazino turn.

Unlike peptides, in peptoids the side chain of the Cα is bound to

the nitrogen atom. Due to the consequent lack of the polar N–H

bonds, their lipophilicity is increased, which may result in im-

proved membrane permeability [16,17]. Furthermore, peptoids

have also found utility in supra- and macromolecular engi-

neering [18] and polymer chemistry [19]. Nevertheless, the lack

of constraints in peptoids may result in a lower affinity for

macromolecular targets, which limits their utility [20]. This

finding has motivated the search for efficient strategies to intro-

duce structural constraints into peptoid structures, which has

contributed to increase the plethora of currently available

peptidomimetics.

Azapeptides [21-23] are peptide analogs in which the Cα atom

is substituted by a nitrogen atom in one or more amino acids

(Figure 1) and have been known since 1970 [24]. The introduc-

tion of a semicarbazide moiety has an enormous effect on the

physical properties of a peptide as well as on its structural char-

acteristics. The semicarbazide constraints tend to facilitate inter-

actions with protein receptors due to turn geometry within the

azapeptide. As a result, their stability over enzymes and chemi-

cal degradation may be enhanced compared to a natural peptide.

Indeed, these compounds have shown to be a useful class of

peptidomimetics with interesting biological activities [21-23],

including antiviral [25,26] and cysteine protease inhibition [27-

30].

Hydrazinopeptides [31-36] (peptide analogs in which one of the

CONH links is replaced by a hydrazido fragment CONHNH,

Figure 1) represent another class of peptidomimetics with prom-

ising conformational and biological activities, such as protease

inhibition [37] and antimicrobial activity [38]. There are some

natural peptides that contain such an α-hydrazino acid moiety,

e.g., the vitamin B6 antagonist linatine and the antibiotic

negamycin (Figure 3). In the early 1970s, the first attempts to

peptide modifications by hydrazino acids generated bioactive

pseudopeptides [39]. Analogously to azapeptides, these

compounds possess a conformational constraint (hydrazino

turn) due to the presence of intramolecular H-bonding interac-

tions (Figure 3), which is similar in nature to a natural peptide

β-turn. As already pointed out, this can improve the proteolytic

stability of the natural peptide while preserving its biological

activity.

Other changes in peptoid structures have also been carried out

to obtain the less common but also biologically active azapep-

toids [40], hydrazino-azapeptoids [41,42], retro hydrazino-

azapeptoids [43] and peptoid-azapeptoid hybrids [39]. Recently,

Seo et al. [44] reported the synthesis of a library of peptide-

peptoid hybrid (termed peptomers by Ostergaard and Holm

[45]) prodrugs that can be selectively activated by prostate

cancer cells.

Peptidomimetics can be conveniently synthesized using the so

called "submonomer approach" either in solution [41] or in

solid-phase [46,47]. However, some disadvantages have been

reported for long or difficult sequences [48]. It is therefore im-

portant to have alternative methods for the fast and easy con-

struction of such important compounds. In this sense, the Ugi

four-component reaction (U-4CR) has proven to be a robust and

versatile method for the synthesis of peptoids and peptide-

peptoid hybrids (peptomers) [49-53]. This reaction has also

been combined with other protocols for the synthesis of bioac-

tive peptides [54,55] and hydrazinopeptide motifs [33,34]. In

continuing our research on the synthesis of peptoids [53,56,57],

herein we describe the synthesis of a new class of peptido-

mimetics, which we have called acylhydrazino-peptomers

(Figure 4), by analogy with the existing classes of peptido-

mimetics shown in Figure 1, using consecutive Ugi and

hydrazino-Ugi reactions, respectively. These compounds

comprise both a peptoid and a peptide moiety (hence a

peptomer) along with an acylhydrazino portion. The use of a

consecutive Ugi reaction to access peptidomimetics has proven

very useful [56-62]. It is important to point out that these mole-

cules cannot be obtained directly via the “submonomer ap-

proach”.
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Scheme 1: Retrosynthetic analysis.

Figure 4: General structure of the acylhydrazino-peptomers synthe-
sized in this study.

Results and Discussion
Our approach involves the use of two multicomponent reac-

tions (Scheme 1): the hydrazino-Ugi four-component reaction

(HU-4CR) and the classical Ugi reaction (U-4CR). The strategy

was based on the formation of an acylhydrazino-peptomer via

an initial hydrazino-Ugi reaction followed by a hydrazinolysis

reaction (or ester hydrolysis) and a subsequent hydrazino-Ugi

reaction (or a classical Ugi reaction).

The hydrazides 3a–c used in the first MCR were prepared by

the reaction of glycine-derived esters 2, 5 and 7 with hydrazine

monohydrate (hydrazinolysis), following a known procedure

[63,64] (Scheme 2).

The obtained hydrazides were then reacted with isobutyralde-

hyde 8a/acetone 8b, carboxylic acids 10a–c (formic, acetic or

propionic acid) and ethyl isocyanoacetate 9 (Scheme 3). The

reactions were conducted at room temperature in trifluoro-

ethanol (TFE) for 1–2 days to yield the acylhydrazino-

peptomers 11a–f in moderate to good yields (59–90%). Aliphat-

ic aldehydes, ketones and carboxylic acids succeeded in the

hydrazino-Ugi reaction, except for paraformaldehyde, fatty

acids and aromatic substrates, which led to formation of a com-
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Scheme 2: Synthesis of hydrazides 3a–c. Reagents and conditions: (i) CH3I, NaHCO3, DMF, rt, 46 h; (ii) N2H4
.H2O, EtOH, reflux, 2–3 h; (iii) (Boc)2O,

NaOH, dioxane/H2O, overnight.

Scheme 3: Synthesis of acylhydrazino-peptomers 11a–f.

plex mixture. These results limited the obtention of a greater

variety of acylhydrazino-peptomers by this method. The choice

of TFE as the solvent for the hydrazino-Ugi reaction was impor-

tant because the same reaction carried out in methanol, often the

solvent of choice for Ugi reactions, provided the formation of a

complex mixture. This fact has already been reported [34].

To further functionalize the acylhydrazino-peptomers struc-

tures, a second Ugi reaction was carried out. Hence, some acyl-

hydrazino-peptomers were subjected to hydrazinolysis reaction

or ester hydrolysis to give the corresponding hydrazides 12a,b

(Scheme 4) or acids 13a–c (Scheme 5), respectively, which

were used in the following step (hydrazino-Ugi reaction or clas-
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Scheme 4: Synthesis of acylhydrazino-peptomers 14a,b.

Scheme 5: Synthesis of acylhydrazino-peptomers 15a–c.

sical Ugi reaction) to yield the corresponding acylhydrazino-

peptomers 14a,b or 15a–c in moderate to good yields

(47–90%). All compounds were fully characterized by 1H and
13C NMR and HRMS giving data consistent with the proposed

structures.

Functionalization on both termini of compounds 11, 14 and 15

(ester hydrolysis and/or Boc deprotection) allows subsequent

Ugi or hydrazino-Ugi reactions to further elongate the

peptomers main chain.

Conclusion
In summary, we have developed a concise protocol for the syn-

thesis of functionalized acylhydrazino-peptomers by consecu-

tive Ugi reactions. The general route allows an easy access to

highly functionalized peptomers in good yields and a reduced
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number of steps. This method may also be employed to obtain

new classes of peptidomimetics with potential biological activi-

ty.

Supporting Information
Supporting Information File 1
Detailed experimental procedures, NMR and mass spectra

of all compounds.
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