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A B S T R A C T

A series of novel tricyanofuran-hydrazone chromophores were synthesized and characterized by different 
spectroscopic techniques. The prepared hydrazones displayed solvatochromic activity in different organic 
solvents. The tricyanofuran-hydrazone was imprinted onto a paper strip as an optical solid-state sensor for 
aqueous and gaseous ammonia. Due to their reversible halochromism-driven molecular switching, the hydrazone 
dyes showed variable sensitivity towards different concentrations of aqueous ammonia. The strong electron-
withdrawing tricyanofuran fragment promotes a proton transfer from the hydrazone moiety to ammonia, which 
allows for the recognition of ammonia vapor. The resulting paper sensor demonstrated a reversible sensitivity 
to ammonia vapor. Using the minimum inhibitory concentration (MIC) method, the dinitro-substituted 
chromophore showed the strongest antibacterial activity. It was effective against A. fumigatus, C. albicans, 
E. coli, S. pneumoniae, and S. aureus, with MIC values of <226, <198, <122, <71, and <38, respectively. Thus, 
the dinitro-substituted chromophore appears to be a promising antibacterial agent. The theoretical molecular 
docking study of the produced series against a protein of interest (PDB: 1lnz) was performed to assign the 
binding and type of interaction between ligand and protein amino acids. The pharmacokinetic properties of 
potential drug candidates for the synthesized chromophores were simulated to determine their efficacy and 
safety profiles.
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1. Introduction

Hydrazones have been significant agents in medicinal chemistry 
owing to their efficient biological action against various diseases, 
such as inflammation, cancer, leishmaniasis, and Alzheimer's [1-3]. 
Hydrazones have been utilized in biotechnology to couple drugs for the 
treatment of cancer cells [4]. They have been used as anti-tuberculosis, 
analgesic, anti-inflammatory, anti-HIV, anti-tumor, anticonvulsant, 
and antimicrobial agents [5-7]. They have been applied as crucial 
agents in drug delivery systems, dynamic combinatorial chemistry, 
hole-transporting materials, metal and covalent organic frameworks, 
and coordination ligands for organocatalysis [8-10]. Khattab et al. 
[11] recently reported the development of switchable hydrazones with 
thermochromic and halochromic properties. Ammonia is the most 
prominent alkaline gas in the context of industrial technology [12,13]. 
Ammonia is extremely toxic and has a significant technological turnover 
as an intermediary in the formation of synthetic polymers, explosives, 
fertilizers, and textiles, making its detection particularly interesting. 
Pure ammonia is used as an industrial refrigerant [14]. Detection of 
ammonia has been significant in numerous fields, such as foodstuffs, 
healthcare, electronics, environment, and quality control [15-17]. 
Ammonia has shown harmful effects on human health, even at low 
concentrations. Thus, the development of a sensitive and quick method 
for determining ammonia concentration is highly in demand. When the 

concentration of ammonia gas exceeds 1 ppm, it can cause irritation 
to the throat, eyes, and nose. Exposure to ammonia concentration 
of <300 ppm is highly dangerous and can cause irreversible lung 
damage, serious burning of skin, and eye irritation, whereas exposure 
to ammonia gas of >300 ppm causes death. Furthermore, the highest 
authorized amount in a workplace for an overall 8-hr exposure is just 
25 ppm. At aerial quantities of roughly 15-28% by volume, ammonia 
is also combustible [18-20]. Thus, numerous sensors were reported for 
the determination of ammonia, such as solid-state copper sulfide films, 
tellurium thin films, thin films of copper bromide, acrylic acid doped 
polyaniline, and nanoporous anodized alumina [21-24]. However, 
these sensory materials show a detection limit below the ppm level. 
Additionally, they frequently require complicated procedures, including 
high working temperatures, trained personnel, and/or complicated 
operations [25]. Thus, it has been significant to develop a simple 
and reversible ammonia sensor with high sensitivity at the ppb level. 
Consequently, an increase in the surface area of a sensor will boost its 
sensitivity. High adsorption and rapid diffusion throughout the mesh 
are triggered by the high surface area of a sensor [26].

Herein, we describe a straightforward procedure for creating a 
reversible optical molecular switching probe consisting of a donor 
hydrazone moiety in conjugation with an acceptor tricyanofuran (TCF) 
moiety. The deprotonated hydrazone group functions as a π-bridge in a 
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push-pull system. Additionally, it can act as a donor group itself when 
bonded with a strong electron-withdrawing group [27].

2. Materials and Methods

2.1. Materials and methods

All chemical agents and organic solvents (analytical grade) were 
obtained from Merck (Germany). Melting points were measured in°C 
without correction using an electrothermal tool. Infrared spectra were 
reported by a Bruker Vectra 33 (United States). A Perkin-Elmer 2400 
(Norwalk, United States) was used to conduct the elemental analysis 
(C, H, N). A HP-8453 spectrophotometer (Hewlett-Packard, United 
States) was used to measure the UV-visible absorption spectra. NMR 
spectra were determined by a BRUKER AVANCE 400 MHz (Karlsruhe, 
Germany). A Quanta 250 FEG scanning electron microscope (Czech 
Republic) was employed to explore the morphology of the hydrazone-
imprinted paper strips.

2.2. Sensor testing and reversibility

A glass vial (10 mL) was filled with approximately 5 mL of aqueous 
ammonia. When the sensory paper was placed close to the nozzle of the 
glass vial, a rapid color change occurred from yellow to purple. Then, 
the purple paper strip was found to revert to its yellow color after a few 
seconds in the air. The abovementioned procedure was performed for 
numerous cycles, and the absorption spectra were collected after each 
cycle using an UltraScanPro spectrophotometer (HunterLab, United 
States).

2.3. Synthesis and characterization

2.3.1. Synthesis of tricyanofuran (TCF)

In a round bottom flask set in a water-bath at 25°C, a piece of 
metallic sodium (75 mg, 3.25 mmol) was dissolved in absolute ethanol 
(2.5 mL). Then, malononitrile (3 g, 45 mmol) and 3-hydroxy-3-
methylbutanone (2.25 g, 22 mmol) were added to the produced solution 
of sodium ethoxide. The solution was stirred for 1 hr, and then absolute 
ethanol (10 mL) was poured into the reaction system. The resultant 
combination was subjected to reflux for 1 hr, cooled in a fridge at 4°C, 
filtered under vacuum, rinsed with cold ethanol, and then air dried to 
produce off-white crystals (2.57 g; 58%). mp 202-203°C. 1H NMR (400 
MHz, CDCl3): 1.65 (s, 6H), 2.37 (s, 3H).

2.3.2. General synthesis of hydrazone (1-5)

In a round bottom flask set in an ice bath at 0-5°C, a combination of 
arylamine (2.5 mmol), water (1.5 mL), and HCl (1.5 mL) was stirred. 
An aqueous solution of sodium nitrite (2.5 mmol) in distilled water 
(1 mL) was slowly dropped into the solution at 0-5°C, and then the 
resultant combination was stirred for 20 mins at 0-5°C to produce the 
corresponding diazonium salt. A solution of tricyanofuran (2.5 mmol) 
in acetonitrile (2.5 mL), sodium acetate (0.75 g), and acetic acid (1 mL) 
was cooled to 0-5°C and then slowly poured into the aforementioned 
diazonium solution. The resulting solution was stirred for 30 mins in an 
ice-bath at 0-5°C. The product was filtered under vacuum, washed with 
distilled water, and air-dried to generate solid powder.

Preparation of tricyanofuran hydrazone (1)

Hydrazone (1) was synthesized from tricyanofuran (500 mg, 2.5 
mmol) and aniline (250 mg, 2.5 mmol) and recrystallized from CHCl3 to 
generate orange powder (0.65 g; 74%). mp 218°C; 1HNMR (400 MHz, 
DMSO-d6): 1.78 (s, 6H), 7.14 (t, 1H), 7.28 (d, 2H), 7.43 (t, 2H), 7.82 
(s, 1H), 12.65 (s, 1H); 13CNMR (400 MHz, DMSO-d6): 26.62, 98.83, 
111.38, 112.81, 113.57, 114.87, 115.62, 125.08, 126.67, 128.77, 
130.35, 137.68, 142.44, 172.62, 177.68; IR (ν/cm-1): 1627 (C=N), 2227 
(CN), 3304 (NH); Elemental contents: Calculated: C 67.32; H 4.32; N 
23.09, Found C 67.56; H 4.52; N 23.02.

Preparation of tricyanofuran hydrazone (2)

Hydrazone (2) was synthesized from tricyanofuran (500 mg, 2.5 
mmol) and 4-methylaniline (440 mg, 2.5 mmol) and recrystallized 
from chloroform/methanol to generate an orange solid (880 mg; 61%). 
mp 218°C; 1HNMR (400 MHz, DMSO-d6): 1.81 (s, 6H), 2.32 (s, 3H), 
7.21 (d, 2H), 7.24 (d, 2H), 7.79 (s, 1H), 12.67 (s, 1H); 13CNMR (400 
MHz, DMSO-d6): 21.04, 26.73, 98.57, 111.60, 113.02, 113.78, 115.86, 
124.45, 130.80, 134.85, 140.21, 172.29, 177.70; IR (ν/cm-1): 1581 
(C=N), 2208 (CN), 2854 (CH aromatic), 2905 (CH aliphatic), 3393 
(NH); Elemental contents: Calculated: C 68.13; H 4.76; N 22.07, Found 
C 68.19; H 4.90; N 22.14.

Preparation of tricyanofuran hydrazone (3)

Hydrazone (3) was synthesized from tricyanofuran (500 mg, 2.5 
mmol) and 4-octylaniline (510 mg, 2.5 mmol) and recrystallized from 
chloroform/methanol to generate an orange solid (955 mg; 86%). mp 
211°C; 1HNMR (400 MHz, DMSO-d6): 0.91 (s, 3H), 1.63 (s, 12H), 1.82 
(s, 6H), 2.01 (m, 2H), 7.25 (d, 2H), 7.26 (d, 2H), 7.84 (s, 1H), 12.65 (s, 
1H); 13CNMR (400 MHz, DMSO-d6): 21.37, 24.08, 25.02, 25.97, 26.27, 
27.98, 97.97, 110.42, 112.65, 113.92, 115.41, 124.86, 130.24, 134.95, 
140.04, 172.55, 177.62; IR (ν/cm-1): 1573 (C=N), 2218 (CN), 2895 
(CH aromatic), 2922 (CH aliphatic), 3393 (NH); Elemental contents 
for (C25H29N5O; 415.31): Calculated: C 75.18; H 7.23; N 18.37, Found C 
75.09; H 7.28; N 18.19.

Preparation of tricyanofuran hydrazone (4)

Hydrazone (2) was synthesized from tricyanofuran (500 mg, 
2.5 mmol) and 4-trifluoromethyl aniline (400 mg, 2.5 mmol) and 
recrystallized from ethanol/CHCl3 to generate a red solid (605 mg; 
80%). mp 227°C; 1HNMR (400 MHz, DMSO-d6): 1.81 (s, 6H), 7.38 
(d, 2H), 7.99 (s, 1H), 8.26 (d, 2H), 12.79 (s, 1H); 13CNMR (400 MHz, 
DMSO-d6): 26.33, 99.27, 99.41, 110.84, 112.35, 113.11, 115.16, 
126.50, 129.16, 142.83, 147.79, 171.88, 177.35; IR (ν/cm-1): 1579 
(C=N), 2228 (CN), 3277 (NH); Elemental contents: Calculated: C 58.62; 
H 3.47; N 24.13, Found C 58.81; H 3.51; N 24.27.  

Preparation of tricyanofuran hydrazone (5)

Hydrazone (3) was synthesized from tricyanofuran (500 mg, 2.5 
mmol) and 3,5-dintroaniline (460 mg, 2.5 mmol) and crystallized from 
n-propanol/CHCl3 to generate a reddish powder (585 mg; 68%). mp 
238°C; 1HNMR (400 MHz, DMSO-d6): 1.81 (s, 6H), 7.65 (d, 1H), 8.23 
(dd, 1H), 8.37 (d, 1H), 8.58 (s, 1H), 12.10 (s, 1H); 13CNMR (400 MHz, 
DMSO-d6): 25.82, 110.71, 111.83, 112.59, 115.47, 124.55, 125.97, 
132.27, 142.05, 171.15, 176.83; IR (ν/cm-1): 1521 and 1332 (NO2), 
1579 (C=N), 2235 (CN), 3259 (NH); Elemental contents: Calculated: C 
51.91; H 2.82; N 24.93, Found C 51.90; H 2.69; N 24.75.

2.4. Antimicrobial assessment

Using the inhibition zone method [28,29], the antimicrobial 
evaluation for tricyanofuran-hydrazone chromophores was studied 
against different bacterial panels, including B. subtilis (ATCC 6633) 
and S. aureus (ATCC 29213) as Gram positive bacteria, and E. coli 
(ATCC 25922) and S. typhimurium (ATCC 14028) as Gram negative 
bacteria. Amoxicillin was applied as a reference drug; the antimicrobial 
properties were determined via the minimum Inhibitory concentration 
(MIC) procedure. The inhibition zone diameter (IZD) was determined 
over three trials, using dimethylsulfoxide (DMSO) as a solvent with no 
inhibitory effects.

2.5. Molecular docking

The X-ray crystal structure elucidation of protein data bank (PDB) 
entry for this complex (PDB ID: 1LNZ) finished the molecular structure 
and function of the GTP binding protein complexation a lot improved 
[30]. Because they are so imperative for signaling, protein movement, 
processing, and governing the cell cycle, guanosine triphosphate (GTP)-
binding proteins have grown to be found in all known forms of life. 
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The docking calculations were achieved using computational study 
by M.O.E. program to further examine the molecular interactions. 
Hydrogen bonds are particularly important in biology because 
they regulate the structural integrity and functional dynamics of 
macromolecules. Identifying hydrogen bond interactions has been 
the main goal of ligand-receptor binding studies to learn more about 
complex molecular signaling and recognition pathways.

3. Results and Discussion

3.1. Synthesis and chemistry

Scheme 1 illustrates a simple method used to synthesize TCF-
hydrazone sensor chromophores. Preparation of the tricyanofuran 
intermediate gave a 58% yield according to an early procedure [26]. In 
comparison to a hydrogen atom on a carbon next to electron-donating 
units, hydrogen on a carbon next to a strongly electron-withdrawing 
substituent(s) in a particular molecule are significantly highly acidic 
[31]. Herein, a carbanion is formed by the abstraction of a proton from 
the active methyl on the TCF heterocycle. This carbanion is stabilized 
by the highly electron-withdrawing cyano substituents on TCF, as 
shown in Scheme 2. Table 1 displays the optical properties of the TCF-
hydrazone chromophores in nonpolar and polar organic solvents. When 
exposed to different solvents, the colors of these TCF-H chromophores 
ranged between yellow, orange, red, and purple, demonstrating high 
solvatochromism. These results pointed to a charge delocalization in 
a strongly allowed π-π* transition [32]. When the hydrogen of N–H is 
eliminated, a hydrazone anion that exhibits prolonged conjugation is 
generated. The hydrazone anion acts as an electron donor, whilst TCF 

moiety serves as an electron acceptor. A straightforward azo-coupling 
synthesis pathway was performed between an active methyl-containing 
tricyanofuran and a diazonium chloride. 

The tricyanofuran-hydrazone probe [4] was imprinted onto a paper 
strip and exposed to ammonia gas. Figure 1 shows the absorption 
spectra of the hydrazone-imprinted paper at different concentrations 
of ammonia to indicate a gradual colorimetric shift from yellow to 
purple upon increasing the ammonia concentrations from 50 ppb to 
300 ppb, respectively. Figure 2 displays scanning electron microscope 
(SEM) images of a hydrazone-imprinted paper strip. The current sensor 
paper displayed high reversibility, as illustrated in Figure 3. This result 
was associated with a bathochromic shift from 429 nm (yellow) to 598 
nm (purple). These results pointed to a charge delocalization due to 
a hydrogen abstraction of N–H, generating a hydrazone anion with 
extended conjugation, as shown in Figure 4.

3.2. Antimicrobial properties

Insight the antibacterial behavior of the tricyanofuran-hydrazone 
chromophores (Table 2). Because it had MIC values of < 56 µg/mL for 
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Scheme 1. Synthesis of hydrazones.

Scheme 2. Synthesis of TCF heterocycle via Knoevenagel 
condensation.

Table 1. Spectroscopic data of TCFH in various solvents.
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Toluene 33.9 464 477 455 469 460

Figure 1. Absorption spectra of hydrazone-imprinted paper strip for detection of 
ammonia at different concentrations; (a) 50 parts per billion (ppb), (b) 100 ppb, (c) 150 
ppb, (d) 200 ppb, (e) 250 ppb, and (f) 300 ppb.
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Figure 2. SEM images of hydrazone-imprinted paper strip at different positions. SEM: 
Scanning electron microscopy.

Figure 3. Reversibility of hydrazone-imprinted paper strip for 
detection of ammonia.
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S. aureus, < 66 µg/mL for S. pneumoniae, < 152 µg/mL for E. coli, < 47 
µg/mL for S. typhimurium, < 244 µg/mL against C. albicans, and < 239 
µg/mL for A. fumigatus, chromophore 1 was classified as having strong 
antibacterial performance. Meanwhile, chromophore 2 exhibited more 
antimicrobial effectiveness compared to chromophore 1. It displayed 
MIC values of < 47 µg/mL for S. aureus, < 59 µg/mL for S. pneumoniae, 
< 134 µg/mL for E. coli, < 38 µg/mL for S. typhimurium, < 238 µg/
mL for C. albicans, and < 213 µg/mL for A. fumigatus. Provisionally, it 
had a stronger inhibitory influence on gram-positive bacteria. Low MIC 
values (< 44 µg/mL) for chromophore 3 showed respectable results. 
These values were < 43 µg/mL for S. typhimurium, < 129 µg/mL for 
E. coli, < 249 µg/mL for C. albicans, < 78 µg/mL for S. pneumoniae, 
and < 261 µg/mL for A. fumigatus. In addition, its effectiveness against 
Gram-negative bacteria was remarkable but rather less influential 
than chromophore 2. Furthermore, chromophore 4 demonstrated 
striking antimicrobial effectiveness, although slightly less potent than 
chromophores 2 and 3. It exhibited MIC value of < 61 µg/mL for S. 
pneumoniae, < 203 µg/mL for C. albicans, < 51 µg/mL for S. aureus, < 
59 µg/mL for S. typhimurium, < 143 µg/mL for E. coli, and < 243 µg/mL 
against A. fumigatus. While it demonstrated effectiveness against a wide 
variety of bacteria, its strength was not as prominent as that of other 
chromophores. Moreover, chromophore 5 had the highest antibacterial 
activity compared to all other chromophores. It displayed MIC values 
of < 38 µg/mL for S. aureus, < 122 µg/mL for E. coli, < 71 µg/mL for 
S. pneumoniae, < 198 µg/mL for C. albicans, and < 226 µg/mL for A. 
fumigatus. Furthermore, it displayed extraordinary inhibitory properties 
against Gram-negative and Gram-positive bacteria, emphasizing its 
wide-ranging antimicrobial effectiveness.

3.3. Structural-activity relationship

The structural-activity relationship (SAR) of the synthesized 
tricyanofuran-hydrazone chromophores may be understood by 
examining the changes in their chemical structures and how these 
relate to their antibacterial activities. Chromophore 1, which contains 

a phenyl-hydrazineylidene moiety, showed modest antimicrobial 
performance against Gram-negative and Gram-positive bacteria. The 
existence of a phenyl group may enhance the interaction with bacterial 
cell components, resulting in increased effectiveness towards S. aureus 
and S. pneumoniae. Additionally, the substitution of the phenyl ring by a 
p-tolyl group in chromophore 2 may result in advantageous interactions 
with bacterial pathogens, hence enhancing its effectiveness towards E. 
coli and S. typhimurium. Chromophore 3, distinguished by the presence 
of a 4-octylphenyl group, exhibited a persistent ability to struggle 
Gram-positive bacteria. The inclusion of a lengthier alkyl chain might 
potentially increase its ability to penetrate cell membranes and bind 
more strongly, hence enhancing its effectiveness toward S. pneumoniae. 
Furthermore, chromophore 4, which contains a 4-(trifluoromethyl)
phenyl group, exhibited strong antimicrobial activity for Gram-
negative and Gram-positive bacteria. The inclusion of a trifluoromethyl 
group can increase the chromophore ability (4) to dissolve in fats 
and its electron density, thereby enhancing its effectiveness toward 
E. coli and S. typhimurium. In addition, the fifth chromophore, which 
had a modified hydrazinylidene moiety with a 3,5-dinitrophenyl 
group, exhibited remarkable antimicrobial efficiency against Gram-
positive bacteria. The existence of two nitro groups causes an electron-
withdrawing effect, enhancing molecular interactions and cellular 
uptake, leading to this activity. As a result, this chromophore shows 
potent activity towards both S. pneumoniae and S. aureus. It can be 
concluded that the SAR analysis shows how certain structural features, 
like aromatic substituents and electron-withdrawing groups, make 
the chromophores more effective against microbes. By making more 
changes to the structure based on SAR principles, it might be possible to 
create new antimicrobials that work better and are less harmful.

3.4. Molecular docking

The binding interactions of the examined chromophores toward 
the target PDB-1lnz protein were uncovered by the molecular 
docking reproductions. Simultaneously, the findings revealed unique 
trends across the tricyanofuran-hydrazone chromophores, providing 
insights into their unique binding affinities and critical intermolecular 
interactions. However, chromophore 3 revealed a high binding affinity 
(S = -7.2496 kcal/mol) through hydrogen bonding between nitrile 
groups N28 and Asn282 over an intermolecular distance of 3.49 Å 
(Figure 5).

However, the binding affinity of chromophore 4, which was 
measured at S = -6.5070 kcal/mol, suggested a modest but significant 
interaction with the target protein. The H-acceptor between the 
nitrile groups nitrogen 24 and Val169 was the main emphasis of the 
interaction. This interaction is crucial because it helps to preserve the 
ligand in place within the binding pocket. In addition, chromophore 4 
has a moderate affinity for the target PDB-1lnz protein, as evidenced by 
its somewhat lower binding affinity when compared to chromophores 
3 and 5. However, the interaction side view of chromophore 4 
demonstrates its significance in ligand-protein bindings. Likewise, The 
H-acceptor may seem to be the main form of contact for chromophore 
4, but other aspects, such as π-interactions and hydrogen bond forces 
(donor and acceptor), must also be considered. Although less so than 
hydrogen bonding, these other interactions may help keep the ligand-
protein complex together (Figure 6).

Though, the high binding affinity (-7.0952 kcal/mol) of chromophore 
5 further highlighted the importance of targeted ligand-protein 
bindings. The main binding interaction is the creation of hydrogen 
bonding between Lys283 and N22 in the nitrile group (Figure 7).

This proves that H-acceptor is critical for ligand stabilization in the 
binding pocket. In disparity, the binding affinities of chromophores 
3, 5, and 1 were slightly lower than those of chromophores 2 and 4. 
Nevertheless, there were still significant interactions between the target 
protein and its variants. Chromophore 1 typifies an interaction that 
involves hydrogen bonds between the N11 of the hydrazone moiety 
and Asp245, as well as between the nitrogen 24 of the nitrile group and 
Val 169 (Figure 8).

The phenyl-ring and Gly251 interacted with each other like in 
Chromophore 2. Moreover, Asp 257 and N11 of the hydrazone moiety 
interacted with each other through an H-donor bond (Figure 9).

Figure 4. Solid-state reversible sensor displaying a change in color from yellow to 
purple when exposed to ammonia vapor.

Table 2. Minimum inhibition concentration (MIC) screening for 
tricyanofuran-hydrazone chromophores.

Compound MIC (µg/mL)

S. 
aureus

S. 
pneumoniae

E. coli S. 
typhimurium

C. 
albicans

A. 
fumigatus

(1)
R= H

< 56 < 66 < 152 < 47 < 244 < 239

(2)
R= 4-CH3

< 47 < 59 < 134 < 38 < 238 < 213

(3)
R= 4-(CH2)7CH3

< 44 < 78 < 129 < 43 < 249 < 261

(4)
R= 4-CF3

< 51 < 61 < 143 < 59 < 203 < 243

(5)
R= 3,5-(NO2)2

< 38 < 71 < 122 - < 198 < 226

Penicillin < 40 < 63 < 124 < 30 - -

Fluconazole - - - - < 212 < 221
Fluconazole and Ampicillin are standard drugs.
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Figure 5. Docking interactions between chromophore 3 and PDB: 1lnz. (a) Two dimensions, (b) Three dimensions, (c) Surface Mapping. PDB: 
Protein data bank.
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Figure 6. Docking interactions between chromophore 4 and PDB: 1lnz. (a) 2D, (b) 3D, (c) Surface Mapping. PDB: Protein data bank.

Figure 7. Docking interactions between chromophore 5 and PDB: 1lnz. (a) 2D, (b) 3D, (c) Surface Mapping. PDB: Protein data bank.

Figure 8. Docking interactions between chromophore 1 and PDB: 1lnz. (a) 2D, (b) 3D, (c) Surface Mapping. PDB: Protein data bank.
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The main interaction bindings in chromophore 4 were the formation 
of H-acceptor bond between Val169 and the nitrile group's N24. 
These results underscore the diversity of ligand-protein interactions 
and their role in determining binding affinity overall.  Additionally, 
molecular docking analysis revealed that penicillin had binding energy 
(S) of -6.0265 kcal/mol and an Rmsd magnitude of 1.4275 due to 
hydrogen bonding interactions between the thiazolidinone ring and 
Asp245 (H-donor), the carboxylic acid's O12 and Asp245 (H-donor), 
the thiazolone ring's S7 and Ser168 (H-acceptor) (Figure 10), and the 
phenyl ring and Lys283 (π-cation interaction).

3.5. Swiss ADME prediction

Regardless, the pharmacokinetic parameters of supposed drug 
candidates are important analysts of their efficacy and safety profiles. 
The results showed that the synthesized tricyanofuran-hydrazone 
chromophores had differences in their molecular weight, topological 
polar surface area (TPSA), hydrogen bond donor (HBD), lipophilicity, 
and acceptor (HBA) sums, and rotatable bonds (RT) (Table 3). However, 
chromophore 1, with a molecular weight of 303.32 and an iLog P value 
of 1.86, has a moderate molecular size and low lipophilicity, indicating 
that it may be acceptable solubility. It has a hydrogen bond donor 
and five H-bond acceptors, showing the ability to make important 
interactions with biological targets. The topological polar surface 
area (TPSA) of 104.99 Å² confirms the moderate polarity. With three 
rotatable bonds and no Lipinski violations, this chromophore meets 
the drug-likeness criterion. A bioavailability score of 0.55 indicates a 
modest possibility of absorption and availability for pharmacological 
action. Comparable to chromophore 1, chromophore 2 has a similar 
molecular weight (317.34) and lipophilicity (iLog P of 2.38), suggesting 
alike solubility and membrane permeability. It has the same biological 
interaction potential as before, with a H-bond donor and five H-bond 
acceptors. The TPSA stays at 104.99 Å², showing the same quantity 

of polarity. Parallel to chromophore 1, it has three rotatable bonds 
and follows Lipinski's rule without exception. The bioavailability score 
of 0.55 indicates a comparable level of bioavailability. Meanwhile, 
chromophore 3 displayed a molecular weight (415.53) and lipophilicity 
(iLog P = 3.65). Despite this, it has the same number of H-bond 
acceptors (5) and donors (1) as chromophores 1 and 2, indicating 
a parallel potential for biological interactions. However, with 10 
rotatable H-bonds, it has more conformational flexibility, which may 
affect its pharmacokinetic characteristics. Despite its larger size, 
chromophore 3 tracks Lipinski's rule and has a bioavailability score of 
0.55. Furthermore, chromophore 4 has a molecular weight of 371.32 
and an iLog P value of 2.21, making it parallel to chromophores 1 and 
2 but with significantly higher lipophilicity. It has a larger number of 
H-bond acceptors (8), which might improve its capacity to interact 
with biological targets. However, it only has one H-bond donor. This 
chromophore follows Lipinski's rule without exception and has four 
rotatable bonds, suggesting considerable flexibility. The bioavailability 
score of 0.55 indicates that chromophores 1 and 2 have a comparable 
chance of bioavailability. Chromophore 5 exhibited a molecular weight 
(393.31) and TPSA of 196.63 Å² among the investigated chromophores. 

Figure 9. Docking interactions between chromophore 2 and PDB: 1lnz. (a) 2D, (b) 3D, (c) Surface Mapping. PDB: Protein data bank.

Figure 10. Docking interactions between Penicillin and PDB: 1lnz. (a) 2D, (b) 3D, (c) Surface Mapping. PDB: Protein data bank.
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Table 3. Swiss ADME results of tricyanofuran-hydrazone chromophores.

Chromophore M.w ILog P HBA HBD TPSA RT LV BS

(1) R= H 303.32 1.86 5 1 104.99 3 0 0.55

(2) R= 4-CH3 317.34 2.38 5 1 104.99 3 0 0.55

(3) R= 4-(CH2)7CH3 415.53 3.65 5 1 104.99 10 0 0.55

(4) R= 4-CF3 371.32 2.21 8 1 104.99 4 0 0.55

(5) R= 3,5-(NO2)2 393.31 1.11 9 1 196.63 5 1 0.55
M.w: Molecular weight, TPSA: Topological polar surface area, LV: Lipinski violations, 
BS: Bioavailability score, HBD: Hydrogen bond donor, HBA: Hydrogen bond acceptor, 
iLog P: Lipophilicity parameter, RT: Rotatable bond.
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Notwithstanding its very low lipophilicity (iLog P = 1.11), it has nine 
H-bond acceptors and an H-bond donor, designating the possibility of 
significant H-bonding interactions with biological targets. However, 
higher TPSA and enhanced polarity may influence its dispersion and 
permeability characteristics. It commits one Lipinski violation due to 
the increased number of hydrogen bond acceptors. Nonetheless, it has 
a bioavailability score of 0.55, designating a modest probability of 
bioavailability.

Finally, each chromophore has separate molecular characteristics 
that impact its pharmacokinetic and pharmacodynamic performance. 
While chromophores 1-4 have mediated molecular weights and 
lipophilicity, chromophore 5 demonstrates different attributes due to 
its larger molecular weight and polarity. These variances highlight 
the need to take individual molecular behaviors into account when 
designing and developing drugs.

4. Conclusions

New tricyanofuran-hydrazone chromophores were synthesized 
and analyzed by different spectroscopic techniques. The synthesized 
hydrazones showed solvatochromism in different organic solvents. The 
tricyanofuran-hydrazone chromophore was immobilized onto a paper 
strip for sensing toxic ammonia. The strong electron-withdrawing 
tricyanofuran group promoted a proton transfer from the hydrazone 
moiety to ammonia, allowing a colorimetric shift from purple to 
yellow upon exposure to ammonia vapor. This paper sensor showed 
high sensitivity in detecting ammonia vapor with good reversibility. 
Meanwhile, the antimicrobial effectiveness of the newly synthesized 
tricyanofuran-hydrazone chromophores exhibited that chromophore 
5 exhibited the most effective antimicrobial activity among all 
established chromophores, with MIC values < 38 µg/mL for S. aureus, 
< 71 µg/mL for S. pneumoniae, < 122 µg/mL for E. coli, < 198 µg/mL 
for C. albicans, and < 226 µg/mL for A. fumigatus. These conclusions 
designate that chromophore 5 is a highly attractive applicant for further 
development as an antibacterial agent. The wide-ranging effectiveness 
of this chromophore against Gram-negative, Gram-positive bacteria, 
and fungi, suggests its potential for combating several infectious 
disorders. Moreover, a molecular docking investigation provided 
valuable information about the specific binding interactions between 
different chromophores and the PDB-1lnz protein. Chromophore 3 
displayed the most binding affinity at S = -7.2496 kcal/mol, primarily 
due to hydrogen bonding between the N 28 of its nitrile group and 
Asn282. This interaction indicates a robust and precise connection 
within the binding pocket because of its strong attraction and 
favorable distance of 3.49 Å between the molecules. Furthermore, the 
creation of H-bonds between Lys283 and N22 of its nitrile group in 
chromophore 5 demonstrated a strong binding affinity of S = -7.0952 
kcal/mol. This backs up the idea that certain H-bonding interactions 
are necessary to keep the ligand stable in the active region of the PDB: 
1lnz protein, which makes it better at binding. In chromophore 4, the 
H-acceptor interactions between N 24 of nitrile and Val169 became 
even more important (S = -6.5070 kcal/mol). Even though the bindings 
in chromophores 3 and 5 are stronger, these interactions are very 
important for keeping the ligand at the binding site and maintaining the 
ligand-protein complex stability. Furthermore, the study underscored 
the diversity of interactions across the synthesized chromophores, such 
as π-interactions and various H-bonding forces, illustrating the complex 
nature of ligand binding. These interactions collectively influence the 
binding affinities and highlight the importance of considering multiple 
interaction types when evaluating ligand efficacy.
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