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INTRODUCTION

Peptides and proteins are the important molecules in the
development of potential therapeutic agents as they play a
crucial role in virtually all biological processes. To overcome
the limitations of degradation by proteases, low membrane
permeability and to improve metabolic stability and biological
absorption, a number of backbone modified peptides have been
the focus of research over past several years. Among these
modifications, azapeptides formed by the replacement of the
α-carbon (cα) of amino acid residues with a nitrogen (N) atom
are promising peptidomimetic compounds as depicted in Fig. 1
[1].
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Fig. 1. Formation of azapeptides

Azaamino acids: Azaamino acids serve as an attractive
tool for drug design leading to the development of azapeptides
as the most useful peptidomimetic drug candidates. Aza analo-
gues of many natural amino acids e.g., glycine, alanine, tyrosine,
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tryptophan, asparagine, ornithine, proline, pyroglutamic acid,
aspartic acid and glutamine have been reported [2-7].

Incorporation of azaamino acids in a peptide chain confer
interesting properties such as (i) imparts unique conformational
property to peptide structure because of loss of asymmetry
associated with Cα –C bond in amino acid (ii) may increase the
biological activity or improve the pharmacokinetic properties
of the parent peptide (iii) impart enzymatic stability and thus
have been investigated as novel protease inhibitors (iv) may
exhibit better interaction with protein receptors and enhanced
stability to enzymatic and chemical degradation [8-11].

Aza scan which involve systematic replacement of amino
acid residues in a peptide with their aza counter parts has
proved to be promising for the development of desirable
bioactive agents. In addition, an amino acid scan of biologi-
cally active peptides was introduced as a method for identi-
fying biologically active conformations of different proteins
[12].

Peptides containing the amino acid analogue aza-proline
(azPro) were shown to stabilize the cis-amide conformer and
prefer the type VI β-turn of the native peptide without incorpo-
ration of additional steric bulk. Complete substitution of all
asymmetric substituted α-carbons is represented by pure azape-
ptides termed azatides [13]. The aza scan of a potent peptide
based PKB/AKt inhibitor was reported using aza-arginine and
aza-proline precursors [14].



Therapeutic potential of azapeptides: In recent years
azapeptides have attracted much interest because of their biolo-
gical and pharmaceutical applications as hormone analogs,
receptor ligands, enzyme inhibitors viz. protease inhibitors
(cysteine proteases, serine proteases and aspartic proteases) active
site titrants, design of drug candidates, pro-drugs and imaging
agents. The combination of peptide bond and conformational
stabilization imparted by azapeptides provided a promising
antiviral agent Atazanavir (Fig. 2) as the first protease inhibitor
approved for patients with HIV infection [15]. Since then extensive
work in research of azapeptides became populous and few
analogues are in the preclinical phase as drug candidates.
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Fig. 2. Atazanavir

Significance of aza scaffold in enhancement of stability

and bioavailability: Azapeptides are preferably more stable in
biological medium compared to native peptides. For this reason,
they have been used to improve the stability and bioavailability
of the peptide drugs. The synthesis and spectroscopic investiga-
tions of β2 peptide analogs consisting of (S)-3-aza-β-amino acids
carrying the side chains of valine, alanine and leucine and
enzymatic stability studies were performed, among which the
N-Boc- of β2-tri and N-Boc of β2-hexapeptide esters were shown
to be more stable against proteinases K, chymotrypsin, trypsin,
carboxypeptidase A and 20 S proteosome [16]. Depending on
the position of aza amino acid residue in the sequence,
azapeptides can adapt different kinds of secondary structures
especially β-turns [17,18]. Few examples of azapeptides which
led to improved pharmacokinetics are given in Table-1.

Various azapeptide scaffolds as peptidomimetics: In
order to improve biological stability and potency of the parent
lead peptides, much effort has been devoted towards the deve-
lopment of various azapeptide scaffolds for peptidomimetic
chemistry.

Aza peptoids: Peptoids are oligo-N-alkyl glycines and
serve as important class of peptide like compounds. The side
chains are connected to nitrogen atom of peptide backbone
rather than to α-carbon as in amino acids [23]. The advantages
of peptoids include their ease of construction, serum stability
and cell permeability, but the utility of peptoids is limited because
of lack of conformational constraints. Hence many strategies
were introduced to incorporate structural constraints and aza-
peptoids gained attention [24]. A change in peptoids structure
yields biologically active peptoids, hydrazino-azapeptoids,
retro hydrazino-azapeptoids and peptoid-azapeptoid hybrids
(Fig. 3). The boronic acid derivatives of hydrazine-azapeptoids
(which contain NHNRCO bonds instead of CONRNH bonds)
showed less inhibitory effect than Ac-Leucyl-Leucyl-
Norleucinal (ALLN) and PS-341 the reference boronic acid
inhibitor but the active boronic acid derivatives were more
selective than ALLN [25,26]. Since then a number of aza
peptoids, hydrazine aza peptoids, retro hydrazine aza peptoids
and N-azapeptoid oligomers have been reported [27].

A series of hydrazine-aza and N-aza peptoids, analogues
of Ac-Leucyl-Leucyl-norleucinal, a non-specific peptidyl
aldehyde was synthesized and investigated for in vitro anti-
proliferative activity. The potency of the synthesized analogues
was less in comparison to Bortezomib, a potent proteosome
inhibitor which entered clinical trials [28]. A library of prodrugs
of peptide-peptoid hybrid termed peptomers were synthesized
and reported to be selectively activated by prostate cancer cells
[29].

Aza-βββββ3-peptides: β-Peptides are peptides which have the
amino group bound to the β-carbon instead of α-carbon. These
are characterized by special features like improved membrane
permeability and greater protease resistance. The replacement
β-carbons (Cβ) atoms of β-amino acid residues with nitrogen
(N) leads to hydrazine peptide also known β-3-azapeptides or
Aza-β3-peptides the general structure of which is depicted in
Fig. 4. Exploring their valuable significance the solid phase
synthesis of “mixed “peptidomimetics was reported using Fmoc-
protected Aza-β3-amino acids and α-amino acids [30].

TABLE-1 
SIGNIFICANCE OF AZA SCAFFOLD IN ENHANCEMENT OF STABILITY AND BIOAVAILABILITY 

S. 
No. 

Peptide hormone/receptor Modification Effect of modification 

1 Angiotensin-II Asp-Arg-AzaVal-Tyr-Val-His-Pro-Phe 
[aza-val3]-angiotensin-II analog  

Longer duration of action but less active than parent 
peptide [19] 

2 Oxytocin [Aza Asn5]-Oxytocin Inactive to induce labor contractions 
  [Aza Gly9]-Oxytocin 1.5 folds greater activity than parent peptide [7]  

3 Eledoisin [Aza-Asn5]-eledoisin Prolongation of action and more potent than parent 
peptide [20] 

4 Luteinizing hormone releasing hormone 
[LH-RH] 

[D-Ser(t-Bu)6,aza Gly10] LH-RH 
(Goserelin acetate) 

Clinically approved and Used for prostate and breast 
cancer [8] 

5 Calcitonin gene related peptide (CGRP) [Aza Gly33]-CGRP 10 fold increased inhibitory activity [21] 
6 Growth hormone releasing peptide 

(GHRP-6) 
[Aza Phe4]-GHRP-6 Improved binding, selectivity and affinity to cluster 

of differentiation (CD36) scavenger receptor which 
is implicated in atherosclerosis, angiogenesis and age 
related macular degeneration [22] 

 

[19]

[7]

[20]

[8]
[21]

[22]

1880  Begum et al. Asian J. Chem.



HO

O

R

NH2

a) L-Amino acid

HO

O

N

NH2

R

b) Aza- -analogβ
3

HO

O

N

N
H

R

c) N- -methyl-aza- -analog
3

β β

Fig. 4. General structure of (a) L-amino acid, (b) aza-β3-analog and (c)
Nβ-mehtyl-aza-β3-analog

Crystals of aza-β3-peptides, a new class of foldamers
relying on a framework of hydrazine turns have been obtained
and the structures make it clear that the H-bond network deve-
loped by aza-β3-peptides differs from those of β3-peptides [31].

Peptide nucleic acid (PNA) a class of non hydrolyzable
peptides is composed of a backbone built from amino ethyl-
glycine units. Several attempts have been made to overcome
the major limitations viz. poor solubility in aqueous medium,
insufficient cellular uptake due to uncharged backbone [32].
One such attempt was made to synthesize new building blocks,
the hydrazino ethylglycine units or the reduced diaza-β3-
peptides that could be integrated in a peptide in construction
to give aza analogues of peptide nucleic acid [33].

Owing to the great enzymatic stability of azapeptides, the
β-peptide concept was utilized in the development of a new
class of RGD (Arg-Gly-Asp) peptidomimetics containing β3-
aza amino acid residues with enhanced proteolytic resistance [34].

Peptidomimetic analogs of peptide substrate for protein
kinase A with conserved sequence of amino acids and phos-
phorylatable serine residue (Arg-Arg-Ala-Ser-Val-Ala)

(RRASVA) were synthesized by consecutive replacement
of natural amino acids by their aza-β3-analogs and tested as
cAMP- dependent Protein Kinase substrates (PKA). Nβ-Fmoc-
Nβ-Me-aza-β3 amino acids were synthesized and comparative
studies were carried out to study the effect of Nβ-methylation
on kinetics of PKA-catalyzed phosphorylation of peptide
substrate RRASVA analogs and results revealed that Nβ-
methylation changed the pattern of substrate recognition by
the enzyme [35,36].

Oxyazapeptides: The new family of peptidomimetics
obtained by substituting the typical native N-Cα with an O-Nα

bond is known as oxyazapeptides. These scaffolds are hydro-
lytically stable and display very interesting conformational
behaviour. The conformational analysis suggests that the
oxyaza moiety can effectively induce β-turns. These features
make oxyazapeptides as useful tools for drug discovery and
design of biologics (Fig. 5) [37].

Cyclic analogues of azapeptides: The cyclic peptides are
proven to enhance the binding potency, selectivity and protease
stability. The cyclic aza scaffolds are known to enhance confor-
mational rigidity and reactivity. The 3-aza-6,8-dioxa-bicyclo-
[3.2.1]octane containing bicyclic molecular scaffolds were
proven as mimetic of β-turns [38]. The aza-β3-cyclohexapeptides
(24 membered macro cycles) showed interesting conforma-
tional and configurational properties [31]. The aza-pipecolyl
peptidomimetics were reported to display antibacterial and
antidiabetic activities, based on their conformational significance,
the synthesis of new modular sulphur containing dipeptide

(a) Azapeptide (b) Azapeptoid

(c) Hydrazino azapeptide (d) Hydrazino azapeptoid
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Fig. 3. Structural features of (a) Azapeptide, (b) Azapeptoid, (c) Hydrazino azapeptide, (d) Hydrazino azapeptoid
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Fig. 5. (a) Oxyazapeptides analogue of active Leu-enkephalin (b) General structure of oxyazapeptide
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mimetics (diazabicycloalkanes) and azapolycyclic compounds
was performed [39]. Few cyclic aza-GHRP-6 analogs exhibited
unprecedented affinity for the CD36 receptor and also reduced
the pro-inflammatory cytokines [40].

Importance of azapeptides as cysteine and serine protease

inhibitors: A number of human diseases are associated with
aberrant  activity of mammalian, viral, bacterial or parasitic
proteases. The four classes of proteases include: Cysteine
proteases, serine proteases, aspartic proteases and metallo
proteases [41].

Azapeptides are ideal protease inhibitors because they are
more resistant to cleavage by the proteases in vivo and can
incorporate a reactive warhead. A number of azapeptides have
been investigated as novel specific inhibitors of chymotrypsin
[42], subtilisin [43], elastase [44], angiotensin converting
enzymes (ACE) [45], cysteine and serine proteases [46].

Azapeptides as cysteine protease inhibitors: The cysteine
proteases categorized as one among the four major classes of
proteases, are proteins with molecular weight about 21-30 KDa
[47]. These are involved in numerous important physiological
processes including protein turnover, tumor progression,
mitosis and apoptosis [48]. Since azapeptides are effective
covalent inhibitors of cysteine proteases, the synthesis of a series
of O-acyl hydroxamates, their azapeptide analogues and a new
class of azaglycine-containing O-acyl hydroxamates have been
explored [49]. The key strategy that azapeptides impart distinct
conformational properties to the peptide chain has been applied
to an important chemo type of cysteine protease inhibitors,
i.e. the C-terminal portion of dipeptide nitriles, affording aza
dipeptide nitriles with higher inhibitory potency [50,51].

Azapeptides as legumain inhibitors: Legumains (aspara-
ginyl endopeptidases) an important member of clan CD, were
originally identified in leguminous plant and the parasitic blood
fluke schist soma mansoni [52]. Parasitic diseases are one area
in which irreversible Legumain inhibitors could have great
potential for short term therapeutic administration. In an effort
to design and synthesize more specific and selective legumain
inhibitors the synthesis of a novel class of cysteine protease
inhibitors known as azapeptide epoxides was elaborated [53].
Further studies reported the design, synthesis and evaluation
of azapeptide epoxides as selective and potent inhibitors of
caspases-1,-3,-6 and -8 with second order inhibition rates up
to 1910000M-1S-1 [54].

Azapeptides as caspases inhibitors: Caspases also known
as cysteinyl aspartate-specific proteases are important mediators
of inflammations and apoptosis (programmed cell death).
Hence these are recognized as novel therapeutic targets for
CNS diseases in which cell death occurs mainly by an apoptosis
mechanism [55]. The presence of near absolute specificity for
residue at P1 is a distinctive feature of this family of enzymes
and so in an effort to obtain greater potency and selectivity a
variety of azapeptide Michael acceptors with P1 Asp residue
were synthesized as potential inhibitors for caspases [56,57].

A series of constrained azapeptides from the second mito-
chondrial-derived activator of caspases (Smac) protein and
tested for their ability to induce apoptosis in MCF-7 breast
cancer cell. The results indicated that the aza-cyclohexanyl-
glycine analog was found to induce cell death more efficiently

than the parent tetra peptide likely by a caspases-9 mediated
apoptotic pathway [58].

Azapeptides as cathepsin inhibitors: The over expre-
ssions of cysteine cathepsins (proteolytic enzymes) belonging
to pain like cysteine peptidase has been implicated in patho-
logical conditions viz. tumor progression, metastasis. Inhibitors
of cathepsin L an endosomal cysteine protease provide poten-
tial starting points for drug discovery efforts as cathepsin L
is known to play a key role in disease states such as cancer,
rheumatoid arthritis and osteo-arthritis. Efforts to identify
inhibitors of cysteine (cathepsins B, L, S) resulted in identifi-
cation of azapeptide analogs as inhibitor of cathepsin L [59,60].

Cathepsin K inhibition has emerged as a promising target
on the basis of inhibition of osteoclastic bone resorption. The
front runner cathepsin K inhibitors odanacatib is a non basic
and non-lysosomotropic peptidomimetic nitrile and is widely
used once weekly treatment for osteoporosis [61,62]. Based
on the significance of nitrile type inhibitors aza dipeptide
nitriles have been introduced as a new class of inhibitors [63].
Further, the chemo type of 3-cyano-3-aza-β-amino acid deriva-
tives was designed in which the N-cyano group is centrally
arranged to allow for interaction with the unprimed and primed
binding regions of cathepsin K [64].

Azapeptides as calpain inhibitors: Calpains, a class of
intracellular cysteine proteases possess several important
physiological functions like cell adhesion, motility, gene expre-
ssion and cell cycle progression. The over expression of these
could be associated with disorders like Alzheimer’s, Huntington’s
and Parkinson’s diseases. Based on the significance of these
Calpains in research field the synthesis and characterization
of azapeptides possessing various levels of Calpain inhibitions
has been reported [65].

Azapeptides as serine protease inhibitors: Serine proteases
are enzymes that cleave peptide bonds in proteins. In humans
these serine proteases coordinate various physiological func-
tions including digestion, immune response, blood coagulation
and reproduction. The serine protease inhibitors abbreviated
as serpins inhibit platelet functions and coagulations and have
been used to reduce deposition of micro emboli in cases of
sepsis [66].

In seeking different classes of inhibitors for serpins a series
of azapeptide p-nitrophenyl esters have been synthesized and
N-acetyl-L-alanyl-L-alanyl-α-azanorleucine p-nitrophenyl
ester and N-acetyl-L-alanyl-α-azaphenylalanine p-nitrophenyl-
ester were found to be useful as active site titrants and inhibitors
of serine proteases with chymotrypsin –like activity [44].

Non-structural protein 3 (NS3) is a serine protease which
is required for viral replication and infectivity. It is required
for processing of Hepatitis C virus (HCV) polyprotein. Incor-
poration of noncleavable aza aminoacyl residues provided
azapeptide inhibitors of hepatitis C virus (Fig. 6) [67-69].

Ac-Asp-Thr-Glu-Asp-Val-Val-Pro
NH

N

O

Fig. 6. HCV NS3 serine protease inhibitor
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Insights on biological activities of azapeptides: Azapep-
tides, the most promising peptidomimetics, contain a semicar-
bazide residue within the peptide backbone. This imparts the
pre-organized β-turn secondary structure, which is responsible
for high affinity and selective binding to a target receptor or
enzyme and modulates its therapeutic activity. Insertion of
azaglycine instead of glycine in cell adhesion motif Arg-Gly-
Asp (RGD) led to enhanced activity and selectivity than
the parent peptide (Fig. 7) [70]. Aza-Gly analog of goserelin,
a synthetic analogue of a naturally occurring luteinizing-
hormone releasing hormone (LHRH) received FDA approval
in 1989 for the treatment of prostate and breast cancer (Fig. 8)
[71].
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Fig. 7. Aza glycine incorporation in the cell adhesion Arg-Gly-Asp (RGD)
motif

Synthesis and biological evaluation of aza analogues of
potent growth hormone secretagogues, involved in treatment
of burns, Turner’s syndrome, sleep enhancement and reduction
of some age related effects was performed (Fig. 9) [72].
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Fig. 9. Aza analog of potent growth hormone secretagoues

Azapeptides are extensively studied for a wide variety of
biological actions like anticonvulsant, antimicrobial (Fig. 10)
and various other activities (Table-2).
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Fig. 10. (a) De novo cyclic pseudo peptides composed of a-amino and
azaamino acids with antimicrobial activity. (b) Functionalized
azaamino acid derivative with anti convulsant activity

Important methods of synthesis of azapeptides:

Azapeptides can be synthesized by incorporation of the
azaamino acids into the parent peptide by various possible
routes like coupling i) protected hydrazine with isocyanate ii)
activated aryl ester (C-activated and N-activated esters with
carbono-chloridic esters and carbonic diesters iii) acid chloride
with phosgene iv) 1,3,4-oxadiazol-2(3H)-ones with various
N-un-protected azapeptides v) azolides with hydrazides [87].

The liquid and solid phase synthesis is the widely used
methods for the synthesis of peptides. The liquid phase is time
consuming and requires purification steps. The solid phase
method is considerably fast and preferable method [88]. The
most usual method of synthesis of azapeptides is performed
on solid phase by coupling protected azaamino acids precursors
to the peptidyl resin. This could be achieved by any of the
possible routes as given in Table-3.

A solid-phase synthesis of three aza-, iminoaza- and
reduced azapeptides using the Boc-strategy was reported [92].
By performing an aza-amino acid scan of antagonist peptides,
a set of aza-hCGRP analogues was synthesized to examine
the relationship between turn secondary structure and bio-
logical activity [12].
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Fig. 8. Aza analog of luteinizing-hormone releasing hormone (LHRH), goserelin
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Modified solid phase methods: With an aim to eliminate
the hydantoin side product an efficient method utilizing N-
2-hydroxy-4-methoxy benzyl (Hmb) reversible amide bond
protecting group was adapted to obtain the desired azapeptides
in excellent purity and good yields [93]. Coupling the N-Boc
aza dipeptide and tripeptide segments to the amine terminus
of a growing peptide chain could also circumvent formation
of hydantoin byproduct [94]. In an effort to synthesize the
azapeptides more efficiently novel strategies (methods) have
been introduced which include:

• Fmoc/Ddz-strategy: Azaamino acid scanning method
• Submonomer solid phase method
• Ugi four component method
• Chemical ligation method
Fmoc/Ddz-strategy: Azaamino acid scanning method:

The most common aza-amino acid building blocks prepared
for the solid phase synthesis of azapeptides are Fmoc protected
N’-alkyl hydrazine and N-Boc-aza-dipeptide fragments as well
as N-Fmoc and N-2-(3,5-dimethoxy phenyl)propan-2-yloxy-
carbonyl (Ddz) protected aza amino acid chlorides [12]. Among
these, Fmoc/Ddz-strategies are useful in producing libraries
of azapeptides for exploring structural activity relationships
with target receptors. The N-2-(3,5-dimethoxy phenyl)propan-
2-yloxy-carbonyl (Ddz) is an attractive protecting group which
can be removed under extremely mild conditions. Nevertheless,
the solid phase synthesis of C-terminal azapeptides has remained

a challenge and so the synthesis of few C-terminal azapeptides
using N-(Fmoc)-aza-amino acid and (Ddz)-aza-amino acid
chlorides have been reported [95].

To explore the relationship between the melanocortin
agonist putative sequences His-Phe-Arg-Trp designated as
“message” sequence for melanocortin, seven aza analogs of
Ac-His-D-Phe-Arg-Trp-NH2were synthesized and evaluated.
The aza analogues in which the C-terminal amino acid trypto-
phan (Trp4) was replaced with aza-2-napthylalanine, aza-1-
napthylalanine and aza-biphenylalanine showed potential for
improving metabolic stability [9].

Based on the scientific and industrial value of hydrazine
derivatives the synthesis of N’-substituted 2-(3,5-dimethoxy
phenyl)propan-2-yloxy-carbonyl (Ddz) protected hydrazines
have been described [96,97]. The synthesis of new m-Calpain
substrate based azapeptide inhibitors was performed by solid
phase methodology on MBHA resin using Boc/Bzl strategy [65].

The limitations of Fmoc/Ddz strategies: i) Difficult to
synthesize aza amino acid monomers ii) Necessitate the
preparation of aza amino acid monomer in solution prior to
incorporation within azapeptide sequences by conventional
solid phase peptide synthesis. iii) Requires efficient intro-
duction of a suitably protected aza glycine residue, its chemo
selective alkylation, deprotection and chain extension reaction.

Submonomer solid phase strategy: The submonomer
azapeptide synthesis strategy is highly advantageous because

TABLE-2 
VARIOUS BIOLOGICAL ACTIVITIES OF AZAPEPTIDES 

S. No. Azapeptide analogs Activity reported 
1 Aza analogues of functionalized amino acids Anticonvulsant activity [73] 
2 Azapeptide-based inhibitors of the Hepatitis C virus (HCV) NS3 serine protease.  Antiviral activity [67] 
3 The DNA methylation inhibitor 5-Aza-2’-deoxycytidine (5-Aza-CdR) For acute and chronic myeloid leukemia [74] 
4 ABPs (Activity based probes) based on aza-aspartate inhibitory scaffold. Selective targeting of caspases [75] 
5 The potent undecapeptide antagonist [D31, P34, F35] CGRP27-37 obtained by 

performing aza scan at positions 31-32, 32-33, 33-34, 34-35 of the backbone of a 
Calcitonin gene-related peptide antagonists 

Pain, migraine headache and inflammation [76] 

6 Series. of novel 1-aza-9-oxafluo-renes. GSK-3beta inhibitors, Alzheimer's disease (AD) [77] 
7 Azapeptide derivatives targeting the cluster of differentiation 36 (CD36) class B 

scavenger receptor.  
Cardio protective effect [78] 

8 Cyclic aza-peptides containing the RGD (Arg-Gly-Asp) sequence. Human tumor metastasis and tumor-induced 
angiogenesis [39] 

9 De novo cyclic pseudo peptides of alpha and aza amino acids. Antibacterial activity [79] 
10 The 3-aminoquinazolin-4-one scaffold, 2-(2-Methyl-4-oxoquinazolin-3(4H)-

ylamino)-N’-(benzylidene) acetohydrazides. 
Antibacterial activity (E. coli, S, aureus,  

P. mirabilis) [80] 
11 Azapeptides based on the Ala-Val-Pro-Ileu peptide. Activators of apoptosis mediated by caspase-9 in 

cancer cells [81] 
12 Azabicycloalkanone amino acid and azapeptide mimics. Modulators of the prostaglandin F2α receptor for 

delaying preterm birth [82] 
13 Oxyazapeptides and cyclic peptides was reported. Anticancer and antibacterial activity [83] 
14 Aza-peptide analogue AzaAla-Val-Pro-Phe-Tyr-NH2.  A lead for anti-cancer [84] 
15 Novel azapseudopeptide derivatives. Antimicrobial activity [85] 
16 Aza-peptide aldehyde and ketone compounds with Z-Leu-Leu-ALeu-COH.  Proteosome inhibitor [86] 

 
TABLE-3 

SOLID PHASE METHODS FOR INCORPORATION OF AZA RESIDUES INTO PEPTIDE CHAIN 

S. No. Method Drawback 
1 Coupling of an aza-tripeptide synthon to the N-terminus of a Resin bounded peptide Partial epimerization [89] 
2 Conversion of resin bound N-terminal amino group into isocyanate by a base catalyzed 

reaction using bis(2,4-dinitrophenyl) carbonate 
Hydantoin formation [90] 

3 Transformation of N-terminal protected hydrazine into activated carbazic acid using 
nitrophenylchloro formats or bis(2,4-dinitrophenyl) carbonate 

Long coupling time, High temperature, Poor 
yields, Numerous side chains [91] 

 

[73]
[67]

[74]
[75]

[76]

[77]
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it circumvents the need for monomer preparation and does
not require stereo chemical control for building aza residue in
solid phase. The submonomer solid phase synthesis provides
regioselective modification of semicarbazone peptide on solid
phase to generate novel N-alkylated and N-arylated aza residues
useful for structural activity relationship studies.

The synthesis of aza-arylglycine Growth-Hormone-
Releasing-Peptide-6 (GHRP-6) analogs by copper catalyzed
N-arylation of semicarbazone peptide bound support and new
GHRP-6 azapeptides containing aza-1,2,3-triazole-3-alanine
residues prepared on aza-propargly glycine residues by a copper
catalyzed 1,3-dipolar cycloaddition reaction with azides has
been reported [98]. Ten aza analogs of GHRP-6 were synthe-
sized, among which the [aza-phe4]-GHRP-6, showed stable
β-turn and favoured selective binding to cluster of differentiation
36 (CD36) receptor thereby presenting a lead for angiogenic
disorders [99].

The azapeptide analogues of growth hormone releasing
peptide GHRP-6 His-D-Trp-Ala-Trp-D-Phe-Lys-NH2 were
synthesized targeting the CD36 receptor. Substituted N-amino
imidazoline-2-one prepared by a base catalyzed cyclization
of aza-proparglyl glycine residues and N-amino-imidazoline-
2-one peptidomimetics have been developed [100,101]. Solid
phase submonomer synthesis of azapeptide ligands of insulin
receptor tyrosine kinase domain was reported [71]. The synthesis
of C-terminal GHRP-6 was communicated by application of
benzhydrylidene-aza-glycinamide rink resin [102]. In addition,
the utility of this method has been demonstrated by the synthesis
of [aza-Lys6] GHRP-6 derivatives by a protocol featuring
regioselective alkylation of benzhydrylidene aza-glycinamide
[103].

Ugi four component method: Though the submonomer
solid phase method is highly feasible and advantageous it
suffers from the disadvantage of long or difficult sequences to
be followed. So alternative methods for fast and easy synthesis
of peptides and various azapeptide scaffolds has been designed
which resulted in U-4CR method (Ugi-four component
reaction), considered as the most versatile and robust method.
The strategy is based on the formation of an acylhydrazino-
peptomer via an initial hydrazino-Ugi reaction followed by
hydrazinolysis reaction [104].

Chemical ligation method: The chemical ligation method
would allow the incorporation of aza amino acid in large
structures in a convergent way. Replacement of Gly by azagly
(Agly) has been used for improving the stability [18]. Apart
from the usual solid phase peptide synthesis (SPPS) method
the Agly incorporation can be carried out in solution using
chemo selective ligation method. A novel site specific chemo
selective approach following two strategies, one based on reac-
tion between C-terminal peptide thioester and an N-terminal
azagly peptides and other based on reaction of a C-terminal
peptide hydrazide with a N-terminal phenyl thio carbonyl (PTC)
peptide has been reported suggesting that silver catalyzed
reactions allow convergent and chemo selective synthesis of
peptide [105,106].

Conclusion

The review mainly emphasizes the key role of azapeptides
in the modifications of pharmacokinetic properties of the parent

peptide and accordingly modifying the pharmacological signi-
ficance. This paves the path for the development of different
scaffolds of azapeptides with various biological activities.
Various developments in the synthesis and applications of
azapeptides have been covered and the submonomer method
is considered to be the potential method to surpass the draw-
backs of the conventional solution and solid phase methods.
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