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Semicarbazides are amino amide surrogates. 

In azapeptides, semicarbazides can improve metabolic stability 

and enhance efficacy to achieve clinical success. The synthesis 

of semicarbazide peptidomimetics can be challenging [1].

Introduction

Made without hydantoin formation

Novel strategy

Synthesis of Suoc-amino derivatives
Succinimidyl carbamates (Suoc) offer balanced stability and reactivity. They are readily prepared by

RAM of amino ester/amide hydrochlorides with N,N’-disuccinimidyl carbonate (DSC), DIEA, and HOSu

[6]. The HOSu (pKa 6.0) serves as buffer and reduces urea byproduct (0.4%).

Suoc-amino amides

aFree amine can be reacted 

without DIEA.

Synthesis of Fmoc-amino hydrazides
Hydrazine monohydrate was reported to cleave the Fmoc protecting group and liberate the amine in

peptide synthesis [4]. The exothermic acylation of hydrazine hydrate using N-Fmoc-amino active esters

was studied to minimize the generation of dibenzofulvene from Fmoc deprotection and diacyl-hydrazide

byproduct [5]. Three strategies were successful employing in-situ generation of active ester (i and ii)

and the direct acylation with succinimidyl esters (iii), all using RAM to expedite conversion.

Condition % diacyl-hydrazide % dibenzofulvene % D-epimer

i <3 <2 9

ii 3 <2 <1

iii <2 <2 <2

Synthesis of N′-alkyl hydrazides

Synthesis of Fmoc protected 

azatripeptide

Polar solvent soluble (DMF, DMSO).

Potential for Fmoc-deprotection due 

to basic conditions

N-methylmorpholine (NMM)

«Green» polar solvent

Weak base (pKa = 7.4)

Excess remains in reaction 

mixture and can have similar Rf

to that of azatripeptide product

N,N-dimethyl-1,2-diaminoethane 

(DMEN)

Converts excess of Suoc-amine 

into water soluble urea

HOAt

Catalyst (10 mol%) 

accelerates conversion

Building block incorporation 

into azapeptides

Fmoc-p-azaG-KWKWK-NH2

Half sequence of aza-glycine 

variant of the antimicrobial peptide 

H-KWKWKpGKWKWK-NH2 [8].

H-AwA-azaF-fK-NH2

An aza-analogue of growth hormone releasing peptide-6 

(GHRP-6) modulates the cluster of differentiation-36 

receptor (CD36) exerting cardio protective activity against 

myocardial ischemia and reperfusion injury and 

dysfunction [9].
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Biologically active peptide synthesis with aza-tripeptide 

building block was expedited by ultrasound-assisted 

SPPS (US-SPPS) [7].

Conclusions
Azapeptides are promising therapeutic candidates. Their synthesis is challenging due to semicarbazide installation. An aza-tripeptide building block strategy has been developed and overcomes issues for scalable

azapeptide synthesis by enabling efficient one-step coupling. Using RAM to prepare and couple N-(Fmoc)amino hydrazides with Suoc-amino esters, aza-tripeptide building blocks were effectively obtained and

subsequently coupled onto peptide sequences linked to solid phase. Production methods for hydrazides, carbamates, ureas, and semicarbazides were all facilitated for the development of azapeptide therapeutics [10].
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Abstract
Azapeptide assembly amenable for Fmoc based peptide synthesis can be challenging because hydrazine differentiation requires selectivity. A greener solution-phase method is presented for making azapeptide by

assembling N-(Fmoc)amino hydrazide and (Suoc)amino [N-succinyl carbamate] ester components at high concentration using resonant acoustic mixing (RAM). Hydrazinolysis was achieved without Fmoc cleavage,

diacylation, and epimerization, eliminating chromatographic purification. Without hydantoin side products, (Suoc)amino acid analogs were effectively prepared and used in RAM-assisted semicarbazide synthesis.

Aza-di-, tri-, and tetrapeptide building blocks were assembled using RAM with N-hydroxy-7-azabenzotriazole (HOAt) as catalyst and N-methylmorpholine (NMM) as solvent at high concentration. Aza-tripeptide building

blocks proved useful in solid-phase synthesis of challenging bioactive targets. This sustainable, scalable approach minimizes hazardous reagents and solvents, facilitating azapeptides access for drug discovery.

Contemporary azapeptide synthesis

RAM balances high-intensity vibrational motion and acoustic frequency to expedite 

homogeneous blending without grinding. For peptide chemistry, RAM accelerated 

esterification and amide bond formation at higher concentration compared to 

normal solution phase (η < 1 vs. 10-20 mL/g of total reactant, 

respectively) in “green” solvent [2,3].
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