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Abstract 

Numerous peptide drugs are currently undergoing advanced phases of clinical testing to determine their efficacy in 
combating antibiotic‑resistant bacterial pathogens. Our aim was to prepare some novel peptides containing a modi‑
fied pyrazolopyrimidine moiety and assess their activity against a set of selected bacteria in comparison to a widely 
used antibiotic, ciprofloxacin. In this study, eight new peptide compounds incorporating a modified pyrazolopyrimi‑
dine moiety were synthesized. Our results revealed that compounds 4 and 5, which contained only the pyrazolopy‑
rimidine scaffold were less active than the peptide‑conjugated pyrazolopyrimidines 10, 11, 13, 14, 15, and 17. The 
antibacterial activities of the eight novel compounds 4, 5, 10, 11, 13, 14, 15, and 17 were evaluated against a panel 
of bacterial strains. All the novel compounds exhibited potent antibacterial activity against Staphylococcus aureus, 
Enterococcus faecalis, and Pseudomonas aeruginosa strains compared to the reference antibiotic ciprofloxacin. The 
tested Escherichia coli strain displayed resistance against the newly synthesized compounds. Moreover, P. aeruginosa 
strain displayed resistance against ciprofloxacin and six of the newly synthesized compounds. Compounds 15 and 
17 effectively inhibited the growth of the P. aeruginosa strain at MIC ≥ 1 μg/mL. Our results are encouraging and urge 
additional biological and pharmacological screening of the most active compounds against drug‑resistant microbial 
strains.
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Introduction
According to the World Health Organization (WHO), 
antimicrobial resistance is “a serious threat that is no 
longer a prediction for the future, it is happening right 
now in every region of the world and has the potential 
to affect anyone, of any age, in any country”. The resist-
ance of Streptococcus pneumonia and Escherichia coli to 
third-generation cephalosporins and fluoroquinolones 
are only a few of many examples of antimicrobial resist-
ance highlighted in the WHO reports. Previously, when 
fluoroquinolones were introduced for the first time in 
the 1980s, they were effective against urinary tract infec-
tions (UTIs) caused by E. coli, with almost no resistance. 
Currently, in many countries around the world, fluoro-
quinolones are no longer reliable for treating more than 
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50% of patients. This exemplifies the growing emergence 
of resistance against one of the most effective antibiotics 
in curing UTIs [1].

As purine analogs, pyrazolopyrimidines are of sub-
stantial importance in the chemical and pharmaceutical 
industries [2–4]. Many pyrazolopyrimidine derivatives 
have been shown to possess antiviral [5], antibacterial 
[6], anti-inflammatory [7], and potential antineoplas-
tic activities [8], as the same as thienopyrimidine [9]. 
Pyrazolo[3,4-d] pyrimidine heterocyclic core is continu-
ously attracting the attention of medicinal chemists due 
to its remarkable pharmacological properties. These 
compounds were designed and synthesized as potent and 
selective kinase inhibitors [10], antileishmanial [11], anti-
bacterial [12], antiviral [13], anticancer [13–17] agents, 
and adenosine  A2A receptor antagonists [8].

Since pharmacological treatment carries some second-
ary effects, several studies have focused on non-pharma-
cological treatments to improve the lives of Alzheimer’s 
disease patients [18]. However, further studies are still 
required to prevent deterioration and treat Alzheimer’s 
disease. One of those studies showed that pyrazolopyri-
midines have been found effective for the treatment of 
neurodegenerative diseases and its crystal structure with 
the microtubule affinity regulating kinase 4 (MARK4) 
that plays an essential role in the tau-assisted regulation 
of microtubule dynamics [19]. Targeting the modulation 
of MARK4 activity is an effective strategy for the thera-
peutic intervention of Alzheimer’s disease [20].

Peptide drugs, on the other hand, have emerged as a 
promising chemical class that is suitable for producing 
semi-synthetic medications. The therapeutic use of pep-
tides has developed throughout time and continues to 
evolve as drug development and treatment paradigms 
change. Peptide drug development has expanded beyond 
its conventional emphasis on endogenous human pep-
tides to embrace a larger spectrum of structures discov-
ered via medicinal chemistry or other natural sources. 
Those medications are already being tested for their effi-
cacy in the treatment of certain central nervous system 
illnesses, cancer, and inflammation, as well as for their 
potency as antimicrobials and enzyme inhibitors [21]. 
To date, over 60 peptide drugs have been authorized in 
the United States, Europe, and Japan, with another 150 
in active clinical development and 260 in human clinical 
trials [22]. A great future is expected for antimicrobial 
peptides.

According to some reports, protein degradation by 
proteolytic enzymes does not generate biological waste 
and constitutes no hazard. This is because many pro-
teases (>500), that cut proteins into peptide fragments, 
could potentially be altered under pathological condi-
tions. Additionally, some of the cleavage products of 

larger proteins were proven to have specific, and some-
times unexpected, reactions against human pathogens 
[23].

It seems likely that humans harbor important peptide 
immune modulators and effectors. In human peptide 
libraries, a dozen of therapeutically intriguing peptides 
with antimicrobial and anti- or pro-viral activity have 
been identified [23]. Antimicrobial peptides (AMPs) kill 
microbial pathogens directly by disrupting the physical 
integrity of the microbial membrane, increasing mem-
brane permeabilization, inducing membrane destabi-
lization, crossing the membrane into the cytoplasm of 
bacteria to act on intracellular targets, and accumulating 
on the membrane surface causing tension in the bilayer, 
which eventually leads to membrane disruption and 
micelle formation. Additionally, AMPs display indirect 
antimicrobial activity, which helps the host clear bacte-
ria by modulating the host’s innate immune responses, 
which include chemotaxis stimulation, modulation of 
immune cell differentiation, adaptive immunity ini-
tiation, suppression of toll-like receptors (TLR)—and/
or cytokine-mediated production of proinflammatory 
cytokines, and anti-endotoxin activity [24, 25].

Due to their wide range of pharmacological activity, five 
and six-membered heterocyclic nitrogen-containing sys-
tems such as pyrazole, imidazole, triazoles, thiazolidine, 
pyrazolidine, pyrimidine, and pyridine were the area of 
our previous research. However, in the current work, we 
focused on pyrimidine derivatives that are considered to 
be important for medicinal drugs as well. Because pyrim-
idine is a basic nucleus in DNA and RNA, it has been 
found to be associated with diverse biological activities. 
Moreover, we used broth dilution as a method of screen-
ing rather than the disk-diffusion method in addition to 
expanding the range of tested bacterial strains to screen 
the biological activities of the newly synthesized com-
pounds which were designed with the hypothesis that 
conjugation of the Pyrazolo[3,4-d] pyrimidine heterocy-
clic core and peptides might significantly amplify the bio-
logical activities of both sides. The results were promising 
for compounds 13, 14, 15, and 17 (Fig. 1).

We aim to proceed a future in vivo studies for screen-
ing further biological activities of the newly synthesized 
compounds on one of the preclinical models for human 
diseases in drug development like dogs [26].

Results and Discussion
Using absolute ethanol as a solvent in the presence of 
acetic acid (AcOH) as a catalyst, ethoxymethylene malo-
nonitrile and phenylhydrazine (1) were refluxed to give 
a 58% yield of ethyl 5-amino-1-phenyl-1H-pyrazole-
4-carboxylate (2). 80% formamide  (HCONH2) was used 
to reflux the amine derivative 2 to form a 65% yield 
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of 1-phenyl-1,5-dihydro-4H-pyrazolo[3,4-d] pyrimi-
din-4-one (3). Reflux of 3 with ethyl chloroacetate in 
dry acetone and anhydrous potassium carbonate gave 
an 88% yield of Ethyl 2-(4-oxo-1-phenyl-1,4-dihydro-
5H-pyrazolo[3,4-d] pyrimidin-5-yl) acetate (4). A three-
hour reflux of a solution of 4 in absolute ethanol and 
hydrazine hydrate  (N2H4·H2O) yielded a 95% color-
less powder yield of 2-(4-oxo-1-phenyl-1,4-dihydro-
5H-pyrazolo[3,4-d] pyrimidin-5-yl) acetohydrazide (5). 
At −  10  °C, the treatment of the corresponding amino 
acid with thionyl chloride  (SOCl2) in absolute ethanol 
followed by the addition of absolute ethanol was the 
method to get amino acid ethyl ester hydrochlorides 
(6–8). Small and non-polar (Gly) amino acids are used in 
flexible linkers to allow the joining of proteins or protein 
domains that require a certain degree of movement or 
interaction [27]. The peptide linkers are able to increase 
stability/folding, increase expression, improve biological 
activity, allow targeting, and/or alter pharmacokinetic 
properties. As the optimum hydrophobicity is expected 
to show the highest antimicrobial activity [28], pheny-
lalanine and leucine can achieve an optimal hydropho-
bic ratio (HR) which is the percentage of a hydrophobic 
amino acid (Ile, Val, Leu, Phe, Cys, Met, Ala, Trp) in the 
peptide chain. Hence, glycine, phenylalanine, and leucine 
have been chosen in the current study to elongate the 
peptide chain due to the role of glycine in maximizing the 
degree of movement and interaction, and the hydropho-
bicity of phenylalanine and leucine.

The elongation of the peptide chain is as the follow-
ing sequence: Phe, Phe-Gly, Phe-Gly-Leu, and Phe-Gly-
Leu-Gly. Moreover, the Phe-Gly-Leu-Gly sequence 
is a mimic of the enzyme-degradable peptide linker 

Gly-Phe-Leu-Gly that represents a target for most pep-
tide-drug conjugates to incorporate with. This is because 
of its stability in plasma and susceptibility to cleavage by 
lysosomal proteases after endocytosis [29].

The treatment of the acid hydrazide 5 with acetic acid 
and 1N hydrochloric acid (HCl) followed by cooling at 
−  5  °C gave acetyl azide 9 after the addition of sodium 
nitrite  (NaNO2). In ethyl acetate  (CH3COOC2H5) con-
taining triethylamine  (Et3N) at 0  °C, a treatment of 9 
with L-phenylalanine ethyl ester hydrochloride (7) was 
performed to give a product that has been purified by 
recrystallization from ethanol to give an 80% yield of 
Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-
d] pyrimidin-5-yl) acetyl)-L-phenylalaninate (10).

Three hours of heating under reflux in ethanol for a 
mixture of 10 and  N2H4·H2O afforded a 90% yield of 
(S)-N-(1-hydrazineyl-1-oxo-3-phenylpropan-2-yl)-2-(4-
oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d] pyrimi-
din-5-yl) acetamide (11).

The treatment of 11 with AcOH and 1N HCl followed 
by cooling at − 5 °C gave acid azide 12 after the addition 
of  NaNO2. In  CH3COOC2H5 containing  Et3N at 0  °C, a 
treatment of 12 with glycine ethyl ester hydrochloride (6) 
was performed to give a product that has been purified 
by recrystallization from ethanol to give a 75% yield of 
Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-
d] pyrimidin-5-yl) acetyl)-L-phenylalanylglycinate (13).

The treatment of acid azide 12 with L-leucine ethyl 
ester hydrochloride (8) in  CH3COOC2H5 containing 
 Et3N at 0 °C gave a 77% yield of ethyl (2-(4-oxo-1-phenyl-
1,4-dihydro-5H-pyrazolo[3,4-d] pyrimidin-5-yl) acetyl)-
L-phenylalanyl-D-leucinate (14) after purification by 
recrystallization from ethanol.

Fig. 1 Chemical structures for compounds 13, 14, 15, and 17 
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Three hours of heating under reflux for a mixture of the 
ester 14 and  N2H4·H2O in ethanol afforded an 88% yield 
of (S)-N-((R)-1-hydrazineyl-4-methyl-1-oxopentan-2-yl)-
2-(2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d] 
pyrimidin-5-yl) acetamido)-3-phenylpropanamide (15).

The treatment of the acid hydrazide 15 with AcOH 
and 1N HCl followed by cooling at − 5 °C gave acid azide 
16 after the addition of  NaNO2. In  CH3COOC2H5 con-
taining  Et3N at 0 °C, a treatment of 16 with glycine ethyl 
ester hydrochloride (6) was performed to give a product 
that has been purified by recrystallization from ethanol 
to give an 80% yield of ethyl 2-{(R)-4-methyl-2-[(S)-2-(2-
(4-oxo-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-5(4H)-yl)
acetamido)-3-phenylpropanamido] pentanamido] ace-
tate (17).

The mechanism of installing amino acid ethyl ester 
hydrochlorides on pyrazolopyrimidine moiety is illus-
trated in Fig. 2.

The structures of 4, 5, 10, 11, 13, 14, 15, and 17 were 
elucidated by infrared spectroscopy (IR  spectroscopy), 
fast atom bombardment mass spectrometry  (FAB-MS) 
in addition to elemental analysis. We depended on FAB-
MS as a technique for the analysis of protein sequence 
and structure. FAB-MS technique gives details of the 
peptide sequence and post-translational modifications 
such as N-terminal acylation, glycosylation, phospho-
rylation, and disulfide bridging. Additionally, a com-
bination of interpreting the functional group region 
(3600–1200   cm–1) provided by IR and comparing the 
fingerprint region (1200–600   cm–1) with those in spec-
tral libraries provides, in many cases, sufficient evidence 

to positively identify a compound side by side with com-
position elemental elucidation by elemental analysis [30]. 
All reactions are illustrated in Fig. 3. Physical properties, 
structural data, and elemental analysis of the newly syn-
thesized derivatives are shown in Table 1. Screening for 
antibacterial activities of the newly synthesized deriva-
tives has been performed against two gram-positive and 
two gram-negative bacterial strains as demonstrated in 
Table 2.

The Minimum Inhibitory Concentrations (MICs) val-
ues of the screened compounds are shown in Table  2. 
According to the Clinical Laboratory Standard Institute’s 
(CLSI) most recent standards for MIC breakpoints [31], 
all newly synthesized compounds tested in this study dis-
played potent antibacterial effects against Staphylococcus 
aureus ATCC 29213, E. faecalis ATCC 29212, and E. coli 
ATCC 25922 with MIC < 1 µg/mL. In contrast, the Pseu-
domonas aeruginosa ATCC 27853 was found resistant to 
ciprofloxacin (MIC = 3 µg/mL), which is beyond the CLSI 
resistance breakpoint of fluoroquinolones (MIC ≥ 2  µg/
mL). Fluoroquinolones-resistant P. aeruginosa was fre-
quently associated with UTIs worldwide. It was discov-
ered that 36.4% of UTIs associated P. aeruginosa were 
resistant to fluoroquinolones [32]. Similar findings were 
previously reported in another study [33]. Interestingly 
in this study, the new compounds 17 and 15 were found 
effective against the ciprofloxacin-resistant P. aeruginosa 
strain with MICs ≤ 1 µg/mL.

Moreover, lower concentrations of compounds 17, 
13, 15, and 14 than those of ciprofloxacin were found 
inhibitory to the panel of tested bacteria except E. coli 

Fig. 2 Installation mechanism of new amino acid ethyl hydrochloride on pyrazolopyrimidine moiety
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Fig. 3 Synthesis of new peptides incorporated with pyrazolopyrimidine moiety
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(Table  2). The Peptides-Pyrazolopyrimidine compounds 
were found more effective than one of the most effective 
traditional antibiotics. The detailed MICs of the synthe-
sized compounds against different bacterial species are 
shown in Table 2.

In an adoption of the idea of synergism, a conjugation 
of the pyrazolo[3,4-d] pyrimidine heterocyclic core and 
peptides shows an increase in the antibacterial activi-
ties of the newly synthesized peptides with an elongated 
sequence of amino acids ethyl ester HCl like compounds 
13, 14, and 17. Also, the hydrophobicity of glycine pro-
vided an amplified antibacterial activity against S. aureus, 
E. faecalis, E. coli, and P. aeruginosa. This was obvious for 
compound 10.

By comparing the antibacterial activities of the newly 
synthesized compounds with ciprofloxacin, the results 
have shown that compounds 17, 13, 15, and 14 have the 
highest activity against S. aureus followed by compounds 
11 and 10. Compounds 13, 14, 17, and 15 are the most 

active against E. faecalis followed by compounds 10 and 
11. Compounds 17 and 15 have a potent inhibitory effect 
against P. aeruginosa followed by compounds 10, 11, 13, 
and 14. In contrast, the least antimicrobial activity of 
tested compounds was encountered against E. coli strain 
ATCC 25922.

Hydrazides have been shown to have antimicrobial 
properties [34], which can be explained by the ability of 
hydrazides same as hydrazines to induce DNA alterations 
[35]. DNA modification has the potential to inhibit bac-
terial growth by interfering with bacterial replication and 
protein synthesis [36]. Furthermore, the negative charges 
of fused peptides aid in electrostatic binding with bac-
terial cell walls. The hydrophobic group of the peptide 
aids in bacterial cell penetration, resulting in membrane 
disruption and bacterial cell death [25]. Furthermore, 
recent research showed enhanced antibacterial activity 
of antimicrobial compounds when conjugated to a deliv-
ery system composed of cell-adhesive peptides and gold 

Table 1 Physical properties, structural data, and elemental analysis for the synthesized compounds

Mp: melting point, MW: molecular weight, C: Carbon, H: Hydrogen, N: Nitrogen

Compound no mp (°C) yield (%) Molecular formula MW (g/mol) Elemental analysis: Found (Calculated)

C H N

4 270–272 88 C15H14N4O3 298.3 60.40 (60.22) 4.73 (4.55) 18.78 (18.66)

5  > 300 95 C13H12N6O2 284.28 54.93 (54.76) 4.25 (4.13) 29.56 (29.44)

10 190–192 80 C24H23N5O4 445.48 64.71 (64.61) 5.20 (5.07) 15.72 (15.65)

11 179–181 90 C22H21N7O3 431.46 61.24 (61.12) 4.91 (4.83) 22.73 (22.66)

13 170–172 75 C26H26N6O5 502.53 62.14 (62.03) 5.21 (5.13) 16.72 (16.61)

14 190–192 77 C30H34N6O5 558.64 64.5 (64.37) 6.13 (6.03) 15.04 (14.91)

15  > 300 88 C28H32N8O4 544.62 61.75 (61.59) 5.92 (5.81) 20.58 (20.41)

17 255–257 80 C32H37N7O6 615.69 62.43 (62.33) 6.06 (5.90) 15.92 (15.8)

Table 2 MIC (μg/mL) of the newly synthetized compounds against different bacterial species

a MIC, minimum inhibitory concentration

Compound MIC (µg/mL)a

Gram-positive bacteria Gram-negative bacteria

Staphylococcus aureus
ATCC 29213

Enterococcus faecalis
ATCC 29212

Escherichia coli
ATCC 25922

Pseudomonas 
aeruginosa
ATCC 27853

Ciprofloxacin 0.2 0.4 0.02 3

4 0.3 0.6 0.6 4

5 0.25 0.6 0.8 3.5

10 0.08 0.2 0.16 2

11 0.05 0.31 0.25 2

13 0.02 0.01 0.13 2

14 0.03 0.01 0.13 2.5

15 0.02 0.1 0.1 1

17 0.01 0.08 0.11 0.9
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nanoparticles [37]. Hence, these novel compounds could 
be a potential alternative to overcome the evolving anti-
microbial resistance of UTIs-causing bacteria. The main 
limitation of the current study was the time-consuming 
mechanisms as a result of utilizing routine organic sol-
vents, in addition to relatively lower yields of pure prod-
ucts in comparison to green synthesis with ionic liquids. 
Using green nano-catalyst, such as cellulose-based nano-
biocomposite, in the synthesis of pyrimidine derivatives 
can be more sustainable, as it can reduce the energy and 
time of reactions besides increasing the yield of product 
compounds [38]. However, the main point of strength 
is that we were able to elucidate all the produced com-
pounds using different spectroscopic tools.

In conclusion, in the current study, we generated some 
novel peptide compounds incorporated with pyrazo-
lopyrimidine moiety by conjugating pyrazolo[3,4-d] 
pyrimidine heterocyclic core and some known amino 
acids ethyl ester hydrochlorides. The addition of hydra-
zine hydrate results in the formation of hydrazides 5, 
11, and 15. Moreover, with the addition of Phe, Phe-Gly, 
Phe-Gly-Leu, and Phe-Gly-Leu-Gly, novel peptides 10, 
13, 14, and 17 were formed. Our findings revealed that 
compound 17 has the highest antibacterial potency, fol-
lowed by compounds 13, 15, and 14 against most of the 
microorganisms employed as reference cultures. In addi-
tion, our results demonstrated antibacterial activities for 
compounds 10 and 11 against most of the used reference 
cultures of bacteria. Presenting novel, structurally eluci-
dated, and biologically active compounds like the current 
eight compounds is a significant contribution to human 
knowledge. So, future work is needed to synthesize more 
elongated peptide chain compounds using L-amino acids 
ethyl ester hydrochlorides 6, 7, 8, and other amino acids 
derivatives employing nano-catalyst in a green synthesis, 
as well as assessing their antimicrobial activities.

Materials and methods
Synthetic methods, analytical, and spectral data
The melting points of the newly synthesized derivatives, 
which were uncorrected, were measured by a Büchi 
melting point apparatus. A Bruker-Vector22 spectrom-
eter (Bruker, Bremen, Germany) recorded the IR spectra 
(KBr). 1H NMR was recorded by a Varian Gemini spec-
trometer (300  MHz, DMSO-d6) with tetramethylsilane 
(TMS) as an internal reference. The coupling constants (J 
values) are given in Hertz (Hz) and the chemical shifts are 
indicated in δ scale (ppm) relative to tetramethylsilane 
(TMS) which was used as a reference. Analytical thin-
layer chromatography (TLC) was performed to monitor 
the progress of the reactions using aluminum silica gel 60 
 F245 plates (Merck, Darmstadt, Germany) [9].

Experimental
Ethyl 5‑amino‑1‑phenyl‑1H‑pyrazole‑4‑carboxylate (2)
A 0.01  mol of phenylhydrazine (1) and 3–5 drops of 
AcOH were added to a solution of 0.01  mol of ethoxy-
methylene malononitrile in 50  mL ethanol. A five-hour 
reflux for the mixture was monitored by TLC (silica gel) 
with  CH2C12/CH3OH (9:1) showing the disappearance 
of phenylhydrazine. Cooling to room temperature was 
allowed for the reaction mixture followed by collecting 
the precipitate by filtration, drying, and recrystallization 
from ethanol (Fig. 4A).

1-phenyl-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one 
(3)
A 0.01  mol of ethyl 5-amino-1-phenyl-1H-pyrazole-
4-carboxylate (2) was added to 10 mL  HCONH2 80%. A 
10 h reflux of the reaction mixture followed by pouring 
onto cold water led to the collection of the solid product 
3 by filtration, several times washing with water, drying, 
and recrystallization from dimethylformamide (DMF) 
(Fig. 4B).

Ethyl 2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]
pyrimidin-5-yl)acetate (4)
A 0.01 mol (1.4 g) of ethyl chloroacetate was added to a 
solution of 0.01 mol (2.12 g) of 3 in 30 mL dry Dimeth-
ylformamide and 0.01 mol (1.38 g) of anhydrous potas-
sium carbonate. A six-hour heating under reflux for the 
reaction mixture followed by pouring on crushed ice, 
filtration, and recrystallization from ethanol produced 

Fig. 4 Synthesis of the compounds 2, 3, 4, and 5 
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an 88% yield of the corresponding ester 4, m.p. 270–
272 °C (Fig. 4C).

I.R, FAB-MS in addition to elemental analysis were 
performed to elucidate the structure of 4.

 (i) IR spectrum showed absorption band at = 1753, 
(C=O), 1669 cm-1. (C=O), 1596 cm-1 (C=N).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 299  [MH+]. 321  [MNa+].

 (iii) Anal. Calcd. For  C15H14N4O3 (298.3); C, 60.40; H, 
4.73; N. 18.78. Found: C, 60.22; H, 4.55; N, 18.66.

2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimi-
din-5-yl)acetohydrazide (5)
A three-hour reflux in 30  mL absolute ethanol for 
0.01 mol (2.98 g) solution of the respective ester 4 and 
0.03 mol (1.5 g) hydrazine hydrate followed by remov-
ing the solvent under reduced pressure, collecting the 
remaining precipitate, drying, and recrystallization 
from ethanol afforded a 95% yield of a pale-yellow pow-
der of the acid hydrazide 5, m.p. > 300 °C (Fig. 4D).

I.R, 1H-NMR, and FAB-MS in addition to elemental 
analysis were performed to elucidate the structure of 
the acid hydrazide 5.

 (i) IR spectrum showed absorption band 
at = 3325   cm−1  (NH2, NH), 1674   cm−1 (2xC=O), 
1615  cm−1 (C=N).

 (ii) 1H-NMR (300  MHz, DMSO-d6): δ 3.51 (s, 2H, 
 CH2), 7.21 (s, 1H, Ar–H), 7.61 (s, 1H, Ar–H), 7.93 
(m, 2H, Ar–H), 8.20–8.40 (m, 2H, Ar–H), 8.77 (m, 
1H, Ar–H), 12.92 (brs, 3H,  NH2, NH) ppm.

 (iii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 285  [MH+], 307  [MNa+]. (iv) Anal. Calcd. 
For  C13H12N6O2 (284.28); C, 54.93; H, 4.25; N, 
29.56. Found: C, 54.76; H, 4.13; N, 29.44.

Amino acids ethyl ester hydrochloride (6–8)
A 0.01 mol of an amino acid (glycine, L-phenylalanine, 
and/or L-leucine) was added to 100  mL of absolute 
ethanol and the mixture was cooled to −10  °C, then 
0.11 mol (7.9 mL) pure  SOCl2 was added in drops. By 
maintaining the reaction mixture at −5  °C tempera-
ture during the addition process and continue stirring 
for another 3  h, the material was completely soluble. 
The obtained mixture was kept at room temperature 
for 24 h. The solvent was extracted in vacuo and a frac-
tion of absolute ethanol was added and reevaporated to 
obtain the corresponding amino acid ethyl ester hydro-
chlorides (Fig. 5).

Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]
pyrimidin-5-yl)acetyl)-L-phenylalaninate (10)
A 0.80  mol of solution of 5 in 6  mL AcOH, 3  mL 1N 
HCl, and 25  mL  H2O were cooled in an ice bath at 
−5  °C. A 12.60  mol of  NaNO2 (0.87  g) was added 
with stirring in 3  mL cold  H2O. The yellow syrup of 
2-(4-oxo-1-phenyl-1H-pyrazolo[3,4-d] pyrimidin-
5(4H)-yl) acetyl azide (9) was obtained after 15  min 
of continuous stirring at −5  °C. Taking the azide in 
30 mL cold ethyl acetate, washing with 30 mL  NaHCO3 
(3%), 30  mL  H2O, and dried  Na2SO4 preceded 20  min 
stirring at 0  °C and filtration of a 0.90 mol solution of 
L-phenylalanine ethyl ester hydrochloride (7) in 20 mL 
ethyl acetate containing 0.2 mL of  Et3N. The filtrate was 
added to the azide solution. Before washing, the mix-
ture was settled at −5  °C for 12  h and kept for extra 
12  h at room temperature. Subsequently, the mixture 
was washed with 30 mL of 0.5N HCl, 30 mL of  NaHCO3 
(3%), 30 mL of  H2O, and finally dried  Na2SO4. Evapora-
tion of the filtrate under reduced pressure and purifi-
cation of the residue by recrystallization from ethanol 
afforded an 80% yield of a dark brown powder of the 
corresponding peptide 10, m.p. 190–192 °C (Fig. 6A).

I.R and FAB-MS in addition to elemental analysis 
were performed to elucidate the structure of 10.

 (i) IR spectrum showed absorption band at = 3429 
(NH), 1750 (C=O), 1639 (C=O).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 246  [MH+], 268  [MNa+].

 (iii) Anal. Calcd. For  C24H23N5O4 (445.48); C, 64.71; H, 
5.20; N, 15.72. Found: C, 64.61; H, 5.07; N, 15.65.

(S)‑N‑(1-hydrazineyl-1-oxo-3-phenylpro-
pan-2-yl)-2-(4-oxo-1-phenyl-1,4-dihy-
dro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetamide (11)
A three-hour reflux for a solution of 0.01 mol of 10 in 
30  mL absolute ethanol and 0.03  mol (1.5  mL)  N2H4.
H2O was followed by collecting the precipitate under 

Fig. 5 Structures of the compounds 6, 7, and 8 
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reduced pressure by removing the solvent, drying, 
and recrystallization from ethanol gave a 90% yield 
of a black powder of the acid hydrazide 11, m.p. 179–
181 °C [39] (Fig. 6B).

I.R and FAB-MS in addition to elemental analysis 
were performed to elucidate the structure of 11.

 (i) IR spectrum showed absorption band at = 3417 
 (NH2, NH), 1635 (C=O).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 432  [MH+], 454  [MNa+].

 (iii) Anal. Calcd. For  C22H21N7O3 (431.46); C, 61.24; H, 
4.91; N, 22.73. Found: C, 61.12; H, 4.83; N, 22.66.

Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]
pyrimidin-5-yl)acetyl)-L phenylalanylglycinate (13)
A 0.80  mol of solution of 11 in 6  mL AcOH, 3  mL 1N 
HCl, and 25 mL  H2O were cooled in an ice bath at -5 °C. 
A 12.60 mol of  NaNO2 (0.87 g) was added with stirring in 
3 mL cold  H2O. The yellow syrup of (S)-2-(2-(4-oxo-1-phe-
nyl-1H-pyrazolo[3,4-d] pyrimidin-5(4H)-yl) acetamido)-
3-phenylpropanoyl azide (12) was obtained after 15  min 
of continuous stirring at −5 °C. Taking the azide in 30 mL 
cold ethyl acetate, washing with 30  mL  NaHCO3 (3%), 
30 mL  H2O, and dried  Na2SO4 preceded 20 min stirring at 
0  °C and filtration of a 0.90 mol solution of Glycine ethyl 

Fig. 6 Synthesis of compounds 10, 11, and 13 
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ester hydrochloride (6) in 20 mL ethyl acetate containing 
0.2 mL of  Et3N. The filtrate was added to the azide solution. 
Before washing, the mixture was settled at −5 °C for 12 h 
and kept for extra 12 h at room temperature. Subsequently, 
the mixture was washed with 30 mL of 0.5N HCl, 30 mL 
of  NaHCO3 (3%), 30 mL of  H2O, and finally dried  Na2SO4. 
Evaporation of the filtrate under reduced pressure and 
purification of the residue by recrystallization from etha-
nol afforded a 75% yield of a dark brown foam of the cor-
responding peptide 13, m.p. 170–172 °C (Fig. 6C).

I.R and FAB-MS in addition to elemental analysis were 
performed to elucidate the structure of 13.

 (i) IR spectrum showed absorption band at = 3433 
(2xNH), 1739, (C=O), 1668 (C=O).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 503  [MH+], 525  [MNa+].

 (iii) Anal. Calcd. For  C26H26N6O5 (502.53); C, 62.14; H, 
5.21; N, 16.72. Found: C, 62.03; H, 5.13; N, 16.61.

Ethyl 
(2‑(4‑oxo‑1‑phenyl‑1,4‑dihydro‑5H‑pyrazolo[3,4‑d]
pyrimidin‑5‑yl)acetyl)‑L‑phenylalanyl‑D‑leucinate 
(14)
The azide 12 was taken in 30 mL cold ethyl acetate, washed 
with 30 mL  NaHCO3, 30 mL  H2O, and dried  Na2SO4. After 
filtration of a 0.90  mol solution of L-leucine ester hydro-
chloride (8) in 20  mL ethyl acetate containing 0.2  mL of 
 Et3N, the filtrate was added to the azide solution. Before 
washing, the mixture was settled at −5  °C for 12  h and 
kept for extra 12  h at room temperature. Subsequently, 
the mixture was washed with 30 mL of 0.5N HCl, 30 mL 
of  NaHCO3 (3%), 30 mL of  H2O, and finally dried  Na2SO4. 
Evaporation of the filtrate under reduced pressure and 
purification of the residue by recrystallization from ethanol 
afforded a 77% yield of a white powder of the correspond-
ing peptide 14, m.p. 190–192 °C (Fig. 7A).

I.R and FAB-MS in addition to elemental analysis were 
performed to elucidate the structure of 14.

 (i) IR spectrum showed absorption band at = 3434 
(2xNH), 1740, (C=O), 1669 (C=O).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 559  [MH+], 581  [MNa+].

 (iii) Anal. Calcd. For  C30H34N6O5 (558.64); C, 64.50; H, 
6.13; N, 15.04. Found: C, 64.37; H, 6.03; N, 14.91.

(S)‑N‑((R)-1-hydrazineyl-4-methyl-1-oxo-
pentan-2-yl)-2-(2-(4-oxo-1-phenyl-1,4-di-
hydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)
acetamido)-3-phenylpropanamide (15)
A 3-h reflux for a solution of 0.01 mol of 14 in 30 mL 
absolute ethanol and 0.03 mol (1.5 mL)  N2H4·H2O was 

followed by collecting the precipitate under reduced 
pressure by removing the solvent, drying, and recrys-
tallization from ethanol gave an 88% yield of a pale 
brown powder of the acid hydrazide 15, m.p. > 300  °C 
(Fig. 7B).

I.R and FAB-MS in addition to elemental analysis were 
performed to elucidate the structure of 15.

 (i) IR spectrum showed absorption band at = 3339–
3294  (NH2, 3xNH), 1660 (C=O).

 (ii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 545  [MH+], 567  [MNa+].

 (iii) Anal. Calcd. For  C28H32N8O4 (544.62); C, 61.75; H, 
5.92; N, 20.58. Found: C, 61.59; H, 5.81; N, 20.41.

Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]
pyrimidin-5-yl)acetyl)-L-phenylalanyl-D-leucylglycinate 
(17)
A 0.80  mol of solution of 15 in 6  mL AcOH, 3  mL 1N 
HCl, and 25 mL  H2O were cooled in an ice bath at −5 °C. 
A 12.60 mol of  NaNO2 (0.87 g) was added with stirring 
in 3  mL cold  H2O. The yellow syrup of (R)-4-methyl-2-
{(S)-2-[2-(4-oxo-1-phenyl-1H-pyrazolo[3,4-d] pyrimidin-
5(4H)-yl) acetamido]-3-phenyl- propanamido] pentanoyl 
azide (16) was obtained after 15 min of continuous stir-
ring at −5 °C. Taking the azide in 30 mL cold ethyl ace-
tate, washing with 30 mL  NaHCO3 (3%), 30 mL  H2O, and 
dried  Na2SO4 preceded 20 min stirring at 0 °C and filtra-
tion of a 0.90 mol solution of glycine ester hydrochloride 
(6) in 20 mL ethyl acetate containing 0.2 mL of  Et3N. The 
filtrate was added to the azide solution. Before wash-
ing, the mixture was settled at −5  °C for 12 h and kept 
for extra 12  h at room temperature. Subsequently, the 
mixture was washed with 30 mL of 0.5N HCl, 30 mL of 
 NaHCO3 (3%), 30 mL of  H2O, and finally dried  Na2SO4. 
Evaporation of the filtrate under reduced pressure and 
purification of the residue by recrystallization from etha-
nol afforded an 80% yield of a white powder of the corre-
sponding peptide 17, m.p. 255–257 °C (Fig. 7C).

I.R, 1H-NMR, and FAB-MS in addition to elemental 
analysis were performed to elucidate the structure of 17.

 (i) IR spectrum showed absorption band at = 3433 
(3xNH), 1748, (C=O), 1643 (C=O).

 (ii) 1H-NMR (300  MHz, DMSO-d6): δ 0.90 (d, 6H, 
J = 4.5  Hz,  2xCH3), 1.30 (t, 3H, J = 5.0  Hz,  CH3), 
1.51 (m, 1H, CH), 1.82 (m,2H,  CH2), 3.50 (m, 2H, 
 CH2), 4.22 (m, 4H,  2xCH2), 4.55 (m, 2H,CH2), 
4.99 (m, 3H, CH,  CH2), 7.40–7.52 (m, 2H, Ar–H), 
7.60–7.80 (m, 3H, Ar–H), 7.90–8.30 (m, 5H, Ar–H, 
3xNH) ppm.

 (iii) FAB-MS (positive mode, NBOH-NaI-matrix): 
m/z = 616,  [MH+], 638  [MNa+].
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Antimicrobial screening
Microorganisms’ culture
The newly synthesized derivatives were assessed for 
their antimicrobial activity using the broth microdilu-
tion method against S. aureus ATCC 29213, P. aeruginosa 
ATCC 27853, E. faecalis ATCC 29212 and E. coli ATCC 
25922 bacterial strains. The broth microdilution method 
was performed as previously elucidated [1]. Strains were 
incubated for 18–24 h. at 37 °C in Mueller–Hinton Broth 
(MHB) (Oxoid Chemical Co., UK). The culture was 
diluted using sterile MHB to a turbidity equivalent to 
0.5 MacFarland turbidity standard (~  108  CFU/mL. The 

bacterial suspension was further diluted to a concentra-
tion of  106 CFU/mL.

Preparation of antimicrobial solution
Four stock solutions were prepared from each of the 
newly synthesized compounds by dissolving in 10% 
DMSO/water solution to concentrations of 14, 16, 20, 
and 25  µg/mL. The stock solutions were transferred to 
microtiter plates and serial twofold dilution was carried 
out using 10% DMSO solution to make 10 subsequent 
dilutions (50  μL) from each stock solution. Each well-
received 50  μL of bacterial inoculum (final inoculum 

Fig. 7 Synthesis of compounds 14, 15, and 17 
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concentration approx. 5 ×  105  CFU/mL). Ciprofloxa-
cin was used as a control antibiotic. Growth and steril-
ity control wells were prepared for each plate. The plates 
were incubated for 24 h at 37 °C. Bacterial inhibition was 
reported in wells that show no turbidity compared to the 
growth control. The Minimum Inhibitory Concentration 
(MIC) of each compound was recorded in the least con-
centration well that showed bacterial inhibition.

Abbreviations
WHO   World Health Organization
UTIs   Urinary tract infections
MARK4   Microtubule affinity regulating kinase 4
AMPs   Antimicrobial peptides
TLR   Toll‑like receptors
DNA   Deoxyribonucleic acid
RNA   Ribonucleic acid
HR   Hydrophobic ratio
Gly   Glycine
Ile   Isoleucine
Val   Valine
Leu   Leucine
Phe   Phenylalanine
Cys   Cysteine
Met   Methionine
Ala   Alanine
Trp   Tryptophan
IR   Infrared spectroscopy
FAB‑MS   Fast atom bombardment mass spectroscopy
AcOH   Acetic acid
HCONH2   Formamide
N2H4·H2O   Hydrazine hydrate
SOCl2   Thionyl chloride
HCl   Hydrochloric acid
CH3COOC2H5  Ethyl acetate
Et3N   Triethylamine
Mp   Melting point
MW   Molecular weight
C   Carbon
H   Hydrogen
N   Nitrogen
CLSI   Clinical Laboratory Standard Institute’s
MIC   Minimum inhibitory concentration
TMS   Tetramethylsilane
Hz   Hertz
TLC   Thin‑layer chromatography
DMF   Dimethylformamide
MHB   Mueller–Hinton Broth

Acknowledgements
The authors extend their appreciation to the Deanship of Postgraduate Stud‑
ies and Scientific Research at Dar Al Uloom University for funding this work.

Author contributions
Mohamed Ge. Z. and Adel A.‑H.A. designed and performed both the experi‑
ments and the study. Mahmoud Ge. Z. and Abdul‑Raouf A. performed antimi‑
crobial screening. Einas Y. and Amina M. prepared and revised the manuscript. 
All authors read and approved the final manuscript.

Funding
Authors received financial support from the Deanship of Postgraduate Studies 
and Scientific Research at Dar Al Uloom University.

Availability of data and materials
The datasets generated and analysed during the current study are available 
in the Biological Magnetic Resonance Bank (BMRB) repository, https:// bmrbig. 
org/ relea sed/ bmrbi g43

Declarations

Ethics approval and consent to participate
All procedures performed in this study don’t involve any human subjects, 
human data or tissue, or animals.

Competing interests
The authors declare that they have NO affiliations with or involvement in 
any organization or entity with any financial interest in the subject matter or 
materials discussed in this manuscript.

Received: 25 November 2022   Accepted: 3 April 2023

References
 1. Schwalbe R, Steele‑Moore L, Goodwin AC (2007) Antimicrobial suscepti‑

bility testing protocols. CRC Press
 2. Chauhan M, Kumar R (2013) Medicinal attributes of pyrazolo[3,4‑d]pyrimi‑

dines: a review. Bioorg Med Chem 21:5657–5668
 3. Dreassi E, Zizzari AT, Mori M, Filippi I, Belfiore A, Naldini A, Carraro F, 

Santucci A, Schenone S, Botta M (2010) 2‑Hydroxypropyl‑beta‑cyclo‑
dextrin strongly improves water solubility and anti‑proliferative activity 
of pyrazolo[3,4‑d]pyrimidines Src‑Abl dual inhibitors. Eur J Med Chem 
45:5958–5964

 4. Gupta S, Rodrigues LM, Esteves AP, Oliveira‑Campos AM, Nascimento MS, 
Nazareth N, Cidade H, Neves MP, Fernandes E, Pinto M, Cerqueira NM, 
Bras N (2008) Synthesis of N‑aryl‑5‑amino‑4‑cyanopyrazole derivatives as 
potent xanthine oxidase inhibitors. Eur J Med Chem 43:771–780

 5. Gudmundsson KS, Johns BA, Weatherhead J (2009) Pyrazolopyrimidines 
and pyrazolotriazines with potent activity against herpesviruses. Bioorg 
Med Chem Lett 19:5689–5692

 6. Bakavoli M, Bagherzadeh G, Vaseghifar M, Shiri A, Pordel M, Mashreghi M, 
Pordeli P, Araghi M (2010) Molecular iodine promoted synthesis of new 
pyrazolo [3, 4‑d] pyrimidine derivatives as potential antibacterial agents. 
Eur J Med Chem 45:647–650

 7. Yewale SB, Ganorkar SB, Baheti KG, Shelke RU (2012) Novel 3‑substituted‑
1‑aryl‑5‑phenyl‑6‑anilinopyrazolo[3,4‑d]pyrimidin‑4‑ones: docking, syn‑
thesis and pharmacological evaluation as a potential anti‑inflammatory 
agents. Bioorg Med Chem Lett 22:6616–6620

 8. Gillespie RJ, Cliffe IA, Dawson CE, Dourish CT, Gaur S, Jordan AM, Knight 
AR, Lerpiniere J, Misra A, Pratt RM, Roffey J, Stratton GC, Upton R, Weiss 
SM, Williamson DS (2008) Antagonists of the human adenosine A2A 
receptor. Part 3: design and synthesis of pyrazolo[3,4‑d]pyrimidines, 
pyrrolo[2,3‑d]pyrimidines and 6‑arylpurines. Bioorg Med Chem Lett 
18:2924–2929

 9. Zayda MG, Abdel‑Rahman AA, El‑Essawy FA (2020) Synthesis and antibac‑
terial activities of different five‑membered heterocyclic rings incorpo‑
rated with pyridothienopyrimidine. ACS Omega 5:6163–6168

 10. Soth M, Abbot S, Abubakari A, Arora N, Arzeno H, Billedeau R, Dewdney 
N, Durkin K, Frauchiger S, Ghate M, Goldstein DM, Hill RJ, Kuglstatter 
A, Li F, Loe B, McCaleb K, McIntosh J, Papp E, Park J, Stahl M, Sung ML, 
Suttman R, Swinney DC, Weller P, Wong B, Zecic H, Gabriel T (2011) 
3‑Amino‑pyrazolo[3,4‑d]pyrimidines as p38alpha kinase inhibitors: design 
and development to a highly selective lead. Bioorg Med Chem Lett 
21:3452–3456

 11. Wyllie S, Thomas M, Patterson S, Crouch S, De Rycker M, Lowe R, Gresham 
S, Urbaniak MD, Otto TD, Stojanovski L (2018) Cyclin‑dependent kinase 12 
is a drug target for visceral leishmaniasis. Nature 560:192–197

 12. Holla BS, Mahalinga M, Karthikeyan MS, Akberali PM, Shetty NS (2006) 
Synthesis of some novel pyrazolo[3,4‑d]pyrimidine derivatives as poten‑
tial antimicrobial agents. Bioorg Med Chem 14:2040–2047

 13. Wang YY, Xu FZ, Zhu YY, Song B, Luo D, Yu G, Chen S, Xue W, Wu J (2018) 
Pyrazolo[3,4‑d]pyrimidine derivatives containing a Schiff base moiety as 
potential antiviral agents. Bioorg Med Chem Lett 28:2979–3298

 14. Chiosis G, Lucas B, Huezo H, Solit D, Basso A, Rosen N (2003) Develop‑
ment of purine‑scaffold small molecule inhibitors of Hsp90. Curr Cancer 
Drug Targets 3:371–376

https://bmrbig.org/released/bmrbig43
https://bmrbig.org/released/bmrbig43


Page 13 of 13Al‑Mohammadi et al. Applied Biological Chemistry           (2023) 66:23  

 15. Dymock B, Barril X, Beswick M, Collier A, Davies N, Drysdale M, Fink A, 
Fromont C, Hubbard RE, Massey A, Surgenor A, Wright L (2004) Adenine 
derived inhibitors of the molecular chaperone HSP90‑SAR explained 
through multiple X‑ray structures. Bioorg Med Chem Lett 14:325–328

 16. Ferrari SM, Materazzi G, Baldini E, Ulisse S, Miccoli P, Antonelli A, Fallahi 
P (2016) Antineoplastic effects of PPARgamma agonists, with a special 
focus on thyroid cancer. Curr Med Chem 23:636–649

 17. Wright L, Barril X, Dymock B, Sheridan L, Surgenor A, Beswick M, Drysdale 
M, Collier A, Massey A, Davies N, Fink A, Fromont C, Aherne W, Boxall K, 
Sharp S, Workman P, Hubbard RE (2004) Structure‑activity relationships in 
purine‑based inhibitor binding to HSP90 isoforms. Chem Biol 11:775–785

 18. Ponce‑Pardo A, Acosta‑Rodas P, Cruz‑Cárdenas J, Ramos‑Galarza C (2021) 
Music stimulation as a method of optimizing autobiographical memory 
in patients diagnosed with alzheimer’s disease. Emerging Science Journal 
5:678–687

 19. Naqvi AAT, Jairajpuri DS, Noman OMA, Hussain A, Islam A, Ahmad F, 
Alajmi MF, Hassan MI (2020) Evaluation of pyrazolopyrimidine derivatives 
as microtubule affinity regulating kinase 4 inhibitors: towards therapeutic 
management of Alzheimer’s disease. J Biomol Struct Dyn 38:3892–3907

 20. Annadurai N, Agrawal K, Dzubak P, Hajduch M, Das V (2017) Microtubule 
affinity‑regulating kinases are potential druggable targets for Alzheimer’s 
disease. Cell Mol Life Sci 74:4159–4169

 21. Chiangjong W, Chutipongtanate S, Hongeng S (2020) Anticancer peptide: 
physicochemical property, functional aspect and trend in clinical applica‑
tion (Review). Int J Oncol 57:678–696

 22. Lau JL, Dunn MK (2018) Therapeutic peptides: historical perspectives, 
current development trends, and future directions. Bioorg Med Chem 
26:2700–2707

 23. Munch J, Standker L, Forssmann WG, Kirchhoff F (2014) Discovery of 
modulators of HIV‑1 infection from the human peptidome. Nat Rev 
Microbiol 12:715–722

 24. Mahlapuu M, Hakansson J, Ringstad L, Bjorn C (2016) Antimicrobial 
peptides: an emerging category of therapeutic agents. Front Cell Infect 
Microbiol 6:194

 25. Mukherjee I, Ghosh A, Bhadury P, De P (2018) Leucine‑based polymer 
architecture‑induced antimicrobial properties and bacterial cell morphol‑
ogy switching. ACS Omega 3:769–780

 26. Smieszek S, Polymeropoulos MH (2022) Study of regions of homozygo‑
sity (ROH) patterns to evaluate the use of dogs’ genome in human drug 
development. J Human Earth Future 3:22–29

 27. bioSYNTHESIS (2022) Peptide linkers and linker peptides for antibody 
drug conjugates (ADCs), fusion proteins, and oligonucleotides

 28. Chen Y, Guarnieri MT, Vasil AI, Vasil ML, Mant CT, Hodges RS (2007) Role 
of peptide hydrophobicity in the mechanism of action of alpha‑helical 
antimicrobial peptides. Antimicrob Agents Chemother 51:1398–1406

 29. Avendaño C, Menendez JC (2015) Medicinal chemistry of anticancer 
drugs. Elsevier

 30. Tom Tyner JF (2017) Infrared spectroscopy part 2 analytical procedures 
and general directions. American Chemical Society

 31. Humphries R, Bobenchik AM, Hindler JA, Schuetz AN (2021) Overview of 
changes to the clinical and laboratory standards institute performance 
standards for antimicrobial susceptibility testing, M100. J Clin Microbiol 
59:e00213‑00221

 32. Motbainor H, Bereded F, Mulu W (2020) Multi‑drug resistance of blood 
stream, urinary tract and surgical site nosocomial infections of Acineto‑
bacter baumannii and Pseudomonas aeruginosa among patients hospital‑
ized at Felegehiwot referral hospital, Northwest Ethiopia: a cross‑sectional 
study. BMC Infect Dis 20:92

 33. Pobiega M, Maciag J, Pomorska‑Wesolowska M, Chmielarczyk A, Roman‑
iszyn D, Ziolkowski G, Heczko PB, Wojkowska‑Mach J, Bulanda M (2016) 
Urinary tract infections caused by Pseudomonas aeruginosa among 
children in Southern Poland: virulence factors and antibiotic resistance. J 
Pediatr Urol 12(36):e31‑36

 34. Mali SN, Thorat BR, Gupta DR, Pandey A (2021) Mini‑review of the 
importance of hydrazides and their derivatives—synthesis and biological 
activity. Engineering Proceedings 11:21

 35. Kumar P, Narasimhan B (2013) Hydrazides/hydrazones as antimicrobial 
and anticancer agents in the new millennium. Mini Rev Med Chem 
13:971–987

 36. Kırmusaoğlu S, Gareayaghi N, Kocazeybek BS (2019) Introductory chapter: 
the action mechanisms of antibiotics and antibiotic resistance. In: 

Antimicrobials, antibiotic resistance, antibiofilm strategies and activity 
methods. IntechOpen

 37. Taheri‑Ledari R, Ahghari MR, Ansari F, Forouzandeh‑Malati M, Mirmoham‑
madi SS, Zarei‑Shokat S, Ramezanpour S, Zhang W, Tian Y, Maleki A (2022) 
Synergies in antimicrobial treatment by a levofloxacin‑loaded halloysite 
and gold nanoparticles with a conjugation to a cell‑penetrating peptide. 
Nanoscale Adv 4:4418–4433

 38. Maleki A, Jafari AA, Yousefi S (2017) Green cellulose‑based nanocom‑
posite catalyst: design and facile performance in aqueous synthesis of 
pyranopyrimidines and pyrazolopyranopyrimidines. Carbohyd Polym 
175:409–416

 39. AH A‑R, MHM E‑S (2017) Synthesis of new amino acid derivatives 
attached to quinazoline moiety as antitumor agents. Der Pharma Chem 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Some novel peptides containing a modified pyrazolopyrimidine moiety: design, synthesis, and in vitro antibacterial screening
	Abstract 
	Introduction
	Results and Discussion
	Materials and methods
	Synthetic methods, analytical, and spectral data

	Experimental
	Ethyl 5-amino-1-phenyl-1H-pyrazole-4-carboxylate (2)
	1-phenyl-1,5-dihydro-4H-pyrazolo[3,4-d]pyrimidin-4-one (3)
	Ethyl 2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetate (4)
	2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetohydrazide (5)
	Amino acids ethyl ester hydrochloride (6–8)
	Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetyl)-L-phenylalaninate (10)
	(S)-N-(1-hydrazineyl-1-oxo-3-phenylpropan-2-yl)-2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetamide (11)
	Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetyl)-L phenylalanylglycinate (13)

	Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetyl)-L-phenylalanyl-D-leucinate (14)
	(S)-N-((R)-1-hydrazineyl-4-methyl-1-oxopentan-2-yl)-2-(2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetamido)-3-phenylpropanamide (15)
	Ethyl (2-(4-oxo-1-phenyl-1,4-dihydro-5H-pyrazolo[3,4-d]pyrimidin-5-yl)acetyl)-L-phenylalanyl-D-leucylglycinate (17)

	Antimicrobial screening
	Microorganisms’ culture
	Preparation of antimicrobial solution

	Acknowledgements
	References


