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SYNTHESIS AND CHARACTERIZATION OF SMALL PEPTIDE ANALOGUES 
WITH POTENTIAL INHIBITOR ACTIVITIES

Atanas Chapkanov1, Tania Ignatova1, Tatyana Dzimbova1,2

ABSTRACT

The bioactive peptides are specific protein fragments which have a positive effect on the body functions and conditions. 
These peptides have a hormone- or a drug like activity and play an important role.The antihypertensive peptides are 
a significant group of these peptides, which are used as angiotensin-converting enzymes inhibitors, because they are 
associated with the high blood pressure decrease and play an important role in cardiovascular diseases. Angiotensin-I 
Converting Enzyme (ACE) is  one  of  the  major components  of  the  so-called  Renin-Angiotensin  System (RAS). Renin  
is  responsible  for  the  release  of Angiotensin I (AI) in blood because of its catalytic action on  angiotensinogen. The 
role of ACE connected with the inhibition of ACE enzymatic activity against AI is considered one of the major challenges 
in case of a hypertensive disease and a congestive heart failure.  

The present investigation is focused on the synthesis of His-Leu and Val-Trp peptide analogues using well know pro-
cedures. The intermediates and the dipeptide analogues are characterized by TLC and spectral methods. The computer 
modeling and the docking studies are performed to determine the structure-activity relationship and to synthesize new 
potential ACE inhibitors.
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INTRODUCTION 

The bioactive peptides of a hormone- or a drug like 
activity are specific protein fragments that have a posi-
tive impact on the body functions and conditions and 
play an important role in human health [1 - 3]. According 
to their functional properties, the bioactive peptides 
may be classified as antimicrobial, antithrombotic, 
antihypertensive, opioid, immunomodulatory, mineral 
binding and antioxidative [4]. The antihypertensive 
peptides are an important group of the bioactive pep-

tides. They are used as angiotensin-converting enzymes 
inhibitors because they are associated with a decrease 
of the high blood pressure and play an important role 
in cardiovascular diseases. Angiotensin-I Converting 
Enzyme (ACE) is one of the major components  of  the  
so-called  Renin-Angiotensin System (RAS). Renin  is 
responsible  for  the release of Angiotensin I (AI) in 
blood because of its catalytic action on   angiotensinogen 
(Fig. 1). The role of ACE in blood pressure maintaining 
connected with the inhibition of ACE enzymatic activity 
against AI is considered one of the major challenges in 

 Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu
Angiotensine I

ACE Asp-Arg-Val-Tyr-Ile-His-Pro-Phe
Angiotensine II

Fig. 1. Conversion of Angiotensin I to Angiotensin II.
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case of a hypertensive disease and a congestive heart 
failure [5].

The present study is focused on the synthesis of 
His-Leu and Val-Trp peptide analogues using well know 
procedures. The intermediates and the dipeptide ana-
logues are characterized by TLC and spectral methods. 

The computational methods are playing an increas-
ingly greater and more important role in drug discovery 
and development. They are expected to limit and focus 
on the chemical synthesis and the biological testing 
thereby greatly decreasing the traditional resource re-
quirements [6 - 7]. 

The computer modeling and docking studies are per-
formed aiming to determine the structure-activity rela-
tionship and to synthesize new potential ACE inhibitors.

The goals of the presented study refer to docking 
studies and the design of new potential ACE inhibitors, 
the synthesis of structural analogues of His-Leu (Fig. 2) 
after a modification and the investigation of the com-
pounds structure-activity relationships.

was used and 64 scans were accumulated. The FT-IR 
spectra in solid state were recorded using ATR accessory 
technique. 

Synthesis
HCl.Leu-OEt and HCl.Val-OEt: 3.4 mM SOCl2 

were added dropwise to 15 ml of anhydrous ethanol at 
-10°C with stirring. After 15 min 1,5mM amino acid was 
added to the mixture. The reaction was completed within 
2 h and the solvent was removed. The progress of the 
reaction was monitored by TLC in CHCl3 : MeOH : H2O 
= 80:30:5 system. The precipitate obtained was filtered 
and dried over KOH. White crystals were obtained (a 
yield of 87 %). 

Boc-His(Bzl)-Leu-OEt and Boc-Trp(Bzl)-Val-OEt: 
0.9 mM HCl.Leu-OEt dissolved in 50 ml EtOAc were 
added with stirring to 0.9 mM of Et3N. 0.9 mM of Boc-
His(Bzl)-OH,  0.9 mM of DMAP and  0.9 mM of EDAC 
were sequentially added to the resulting mixture. The 
reaction proceeded at pH 8 - 9 within 24 h. The solvent 
was removed and 30 ml of CH2Cl2 were added. The 
solutions were sequentially washed with 10% NaHCO3, 
10% NaHSO4 and neutralized with NaCl to pH = 7. The 
Boc-His (Bzl) –Leu-OEt and Boc-Trp (Bzl)-Val-OEt 
solutions were dried over anhydrous MgSO4 and the 
solvent was removed. The products were stored over 
KOH (a yield of 32 %).   

HCl.His (Bzl)-Leu-OEt and HCl-Trp (Bzl)-Val-
OEt: 0.13 g of Boc-His (Bzl)-Leu-OEt were dissolved 
in 10 ml of CH2Cl2 and 1 ml of TFA with stirring. After 
3 h the solvent was removed and the product dried under 
KOH (a yield of 86.4 %).  

Boc-His (Bzl)-Leu-OH: 0.15 g of Boc-His (Bzl)-
Leu-OEt were dissolved in 10 ml of dioxane and 10 ml of 
H2O with stirring. Drops of thymolphthalein were added 
and 1N NaOH was introduced while the reaction mixture 
kept a constant blue color. The dioxane was evaporated 
and the aqueous solution was slightly acidified by dry 
NaHSO4 and extracted with ethyl acetate. The organic 
layers were washed with water until pH 7 and the solvent 
was removed (a yield of 57 %). 

RESULTS AND DISCUSSION 
Docking studies

The docking is performed with a series of His-Leu 
analogues and angiotensin-converting enzyme (ACE). 
His-Leu interacts with ACE (Fig. 3) with a higher energy 

Fig. 2. Modifications in the structure of His-Leu.

EXPERIMENTAL

Materials and methods
Dipeptide analogues of His-Leu and Val-Trp were 

used in order to check their ability to bind ACE and 
act as its inhibitors. The peptide preparation was done 
with Avogadro (an open-source molecular builder and 
visualization tool - Version 1.0.3). The crystal structure 
of the ACE was obtained using RCSB (PDB id: 4aph). 
The docking studies were performed with the applica-
tion of Genetic Optimization for Ligand Docking run 
on Scientific LINUX 5.5 operating system at the Center 
for Advanced Bioinformatics Research (CABR) at SWU 
“N. Rilski”. 

The IR-spectra of the analogues were recorded us-
ing Thermo Scientific Nicolet iS10 FT-IR spectrometer 
(4000 cm-1-400 cm-1). A spectral resolution of ± 4 cm-1 
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than that observed with the other analogues, - 89.462 kJ. 
His-Leu interacts electrostatically with Lys511, His513 
and His353. 

According to the docking studies the changes in 
the structure of His-Leu lead to analogues of a higher 
affinity to ACE. Their synthesis and evaluation will be 
the subject of a further research.

Synthesis of dipeptides
The synthesis and the spectral characterization of 

dipeptide His-Leu and Val-Trp are presented here. His-
Leu and Val-Trp are prepared using DCC-method with 
a water-soluble reagent, 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide HCl (EDAC),  as shown in Fig. 4. 

The final dipeptides are purified by column chro-

matography on silica gel with CH3CN:H2O = 4:1. The 
starting and intermediate compounds are characterized 
by their physicochemical constants (Table 1) and the 
FT-IR spectral method. 

FT-IR Spectral characterization
A spectroscopic analysis of the starting α-amino-acids  

A comparative FT-IR spectral analysis of the rea-
gents and some of the intermediate compounds obtained 
during the synthesis of each dipeptide is presented in 
this part.

It is known that the α-amino acids exist in a solid 
state in a zwitterion form and the molecules can be 
combined in their bipolar or whole neutral structures as 
shown in Scheme 1, [8].  

The FТ-IR analysis is carried out between 400 cm-1 
and 4000 cm-1 using Thermo Scientific Nicolet iS10 FT-
IR spectrometer. The IR- spectra of some investigated 
α-amino acids (His and Leu) in a solid state are shown 
in Fig. 5. There is a broad well-expressed absorption 
between 3500 cm-1 and 2000 cm-1 which is known in 

Fig. 3. Binding of His-Leu with ACE.

Fig. 4. Synthetic scheme of the dipeptide.

 

Formula Melting point, (m.p), °C Optical activity, [α]20D Color 

L – Leu >300º +7,4º in H2O White  
L – His 282º ₋ 38,3º  in H2O  White 
L-Val 297º +27.5° in HCl White 
L-Trp 280-284º -64.8 in g. CH3COOH White 
Val- OEt. HCl. 102- 104º - White  
Leu- OEt. HCl. 121 - 127º +18-19º in EtOH White 
Boc –His(Bzl) -ОН 181 - 184 º +22º  in MeOH White 
Boc-Thp-OH 135–137 º −20-21º  in DMF - 

Table 1. Physicochemical constants.

Scheme 1. Neutral and bipolar (zwitterion) molecular structures of: a) L-Histidine b) L-Leucine.  

                           

a)                                                                   b)
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IR spectroscopy as an “ammonium band”. The absorp-
tion in this region is characterized by hydrogen bonded 
NH3

+ stretching bands and a multiple fine structure 
on the lower wave number side of the band. Multiple 
combination and overtone bands also contribute to the 
extension of the absorption to about 2000 cm-1. It is also 
a combination of two fundamental modes (a combina-
tion of δCH3 bend and the rocking vibration of γNH2 group 
(1084+1032) [9]. 

The maxima at 2956 cm-1, 2868 cm-1, 2959 см-1 and 
2872 см-1 correspond to the stretching vibrations (vas and 
vs) of -CH2 and -CH3 groups of the side chain groups of 
Leu and His, while the band of Trp is recorded at 2851 
cm-1. The bands at 1340 cm-1 -1345 cm-1 (Leu and His) 

and 1356 cm-1 (Trp) correspond to deformation (δCH3 
and δCH2) vibrations. The peaks at 1575 cm-1 and 1405 
cm-1 are assigned to the asymmetric and symmetric 
(νas

COO
_ and νs

COO
_) stretching modes of the carboxylate 

anion COO– of Leu and His [10], while in case of Val 
and Trp they are outlined at 1427 cm-1 , 1590 cm-1 and 
1413 cm-1, correspondingly. The asymmetric NH bend 
of NH3

+ (1511 cm-1, 1506 cm-1 and 1504 cm-1) and its 
symmetric bends (1471 cm-1, 1463 cm-1 and 1455 cm-1), 
respectively, are also clearly seen. This data confirms the 
bipolar structure of the pure amino acids. The presence of 
an isopropyl group in Leu and Val structures is confirmed 
by the doublet at 1385 cm-1 - 1371 cm-1 and the second 
pair of bands at 1185 cm-1 - 1170 cm-1 characterizing a 

Fig. 5.  FT-IR spectra of L-Leu (a) and L-His (b) in solid state.

 (a)

 (b)
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scissor bending vibration. The band at 1628 cm-1 refers 
to the stretching νC=N modes of His molecule (imidazole 
heterocyclic) and is a result of skeletal interactions in 
the ring system. 

Peaks appear within the frequency region of 1400 
cm-1-1200 cm-1. They are found at 1361 cm-1, 1342 cm-1 
and 1316 cm-1 in case of Leu, at 1361 cm-1, 1342 cm-1 
and 1320 cm-1 for Val and at 1364 cm-1, 1341 cm-1 and 
1313 cm-1 in case of His. These bands are associated with 
the bending mode of CH3 (Leu, Val), the stretching of 
C-C and the rocking of CH. The IR bands in the range 
of 1300 cm-1-1200 cm-1 are associated with bending δCH 
modes. The corresponding bands are at 1295 cm-1 and 
1238 cm-1 in case of Leu molecule, they are at 1297 cm-1, 
1269 cm-1 and 1246 cm-1 in case of His, while they are 
at 1271 cm-1 and 1230 cm-1 in presence of Val and Trp, 
correspondingly.  There are single bands at 1028 cm-1 
(Val), 1026 cm-1 (Trp), 1008 cm-1 (His) and 1003 cm-1 
(Leu) due to the stretch of the CN group, while the bands 
appearing at 917 cm-1, 919 cm-1, 920 cm-1  and 926 cm-1 
are associated with the C-C bond stretch [11].

A comparative FT-IR-spectral analysis of Boc-
His(Bzl)-Leu-OH and L-Leu

There are several intensive and broad bands with 
a plurality of sub-maximum throughout the area in the 
3500 cm-1 - 2250 cm-1 range (Fig. 6). The band at 3323 

cm-1 is associated with the stretching vNH modes of the 
secondary amides, while those at 3143 cm-1 and 3066 
cm-1 correspond to the stretching aryl (vAr-H) vibrations 
of the benzyl moiety and the imidazole ring in the struc-
ture dipeptide. They may also belong to the stretching 
(νNH) modes, when the N-H group is incorporated in a 
strong hydrogen bonding [12 - 14]. In addition, these 
sub-maxima can be explained by Fermi-resonance in-
teraction of overtones or combinations of fundamental 
and stretching N-H vibrations [10 - 11].    

The band at 1712 cm-1 in the range of 1750 cm-1 
- 1400 cm-1 corresponds to the stretching νC = O modes 
of -COOH group of Leu because of an unprotected 
ester group. The intense peak at 1674 cm-1 refers to the 
stretching symmetrical νs

C=O mode of the amide (-CO-
NH-) group (amide I band), while the maximum at 1502 
cm-1 (amide II) occurs in trans-secondary amides and 
responds to the complex contribution of the deforma-
tion δNH vibration and δNH+ νCN of the C-N bond. The 
presence of these bands confirms the hydrolysis of the 
leucine ester group.

CONCLUSIONS
Two dipeptides, His-Leu and Val-Trp are synthesized. 

They are characterized by their physicochemical con-
stants as well as by chromatographic and spectral 

Fig. 6. FT-IR-spectra of L-His and Boc-His (Bzl) -Leu-OH in solid state.
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analyses. The docking study is used to investigate the 
binding and the affinity of His-Leu and Val-Trp ana-
logues to ACE.
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