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Abstract The most challenge task in the building up of
surface-active molecules is maximizing their surface activity
with good biological activity. A nonionic surfactant (N-isatin-
EOm-Cn where m is 5, 7 and 9 ethylene glycol units and n is
8, 10 and 12) is achieved by first reacting isatin with chlo-
roacetic acid and then with different types of ethoxylated (C8–

C12) fatty alcohols that possess 5, 7 and 9 ethylene oxide units.
The prepared surfactants were characterized by FTIR and 1H
NMR to confirm the structure. The surface activity, biodegrad-
ability, antimicrobial, and antifungal activity of the surfactants
were evaluated. In addition, quantum chemical calculations
and computations of oral bioavailability were performed. The
obtained data show that all the synthesized compounds had
good surface activity, biodegradability and biological activity.

Keywords Biological activity-docking studies � Isatin
surface-active agents � Isatin-N-acetic acid � Nonionic surfactants
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Introduction

A nonionic surfactant is a surfactant that can be pre-
pared by ethoxylating active hydrogen carried by fatty
organic compounds using catalysts (bases, acids)
(Cress, 1987), as well as unconventional catalysts
(Sallay et al., 1997). The presence of a heterocyclic
moiety in the structure of a surfactant molecule is an
efficient method for obtaining surface-active agents, as
well as providing high biological activity (Albright
et al., 1981; Pegiadou-Koemtjopoulou et al., 1998).
Isatin is classified as one of the most important hetero-
cyclic compounds. It has biological activity and plays
an important role in medicinal chemistry. Isatin and
several isatin derivatives has reported as potential bio-
logical active drugs (Jays et al., 2011). Different types
of isatin compounds have been synthesized from isatin
and evaluated as effective severe acute respiratory syn-
drome (SARS) corona virus 3CL protease inhibitors
(Chen et al., 2005).
N-substituted isatin compounds were prepared and

tested as antibacterial, antifungal, and antiviral agents
(Jarrahpour et al., 2007). In addition, isatin reacted with
chloroacetic acid in the presence of anhydrous potassium
carbonate to give N-isatinacetic acid. Moreover, when
thionyl chloride reacted with N-isatinacetic acid, the
result was N-isatinacetyl chloride (Arief et al., 2013).
Additionally, N-hydroxymethyl isatin has been prepared
by a simple method (Jancevska and Stojceva, 1975). The
conditions for building up a surfactant molecule based
on an isatin moiety are therefore available and can be
considered.
In this work, nonionic surfactants based on isatin mol-

ecules were prepared and evaluated as surface-active
agents. Fourier-transform infra red spectroscopy (FTIR)
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and Proton nuclear magnetic resonance (1H NMR) were
used to confirm the structure of the prepared surfactants.
The surface activity, biodegradability, and antimicrobial
and antifungal activities were evaluated. In addition,
quantum chemical calculations and computations of oral
bioavailability were studied.

Experimental

Materials

Fatty alcohols (octyl alcohol, C8, Aldrich, purity ≥98%,
Cairo, Egypt; (decyl alcohol, C10, Aldrich, purity ≥98%;
dodecyl alcohol, C12, Aldrich, purity ≥98%; tetradecyl
alcohol, C14, Aldrich, purity ≥97%; hexadecyl alcohol,
C16, Aldrich, purity ≥97%; octadecyl alcohol, C18,
Aldrich, purity ≥97%), ethylene oxide (Aldrich purity
99.9%), isatin (Merck purity ≥98%), chloroacetic acid and
potassium carbonate (Sigma-Aldrich purity ≥98%) were
utilized in this study. Solvents of acetone and toluene were
fractionally distilled just prior to use. Thionyl chloride
97% (Sigma-Aldrich), thin-layer chromatography (TLC)
(silica gel on a TLC, Al foil 10 cm × 20 cm, 200 μm) and
molecular sieves, 4 Å, 8 mesh (Sigma-Aldrich) were also
used in this investigation.

Preparation of the Nonionic Surfactants (N-Isatin-
EO5,7,9-C8,10,12)

Preparation of Isatin-N-Acetic Acid

Isatin (1.74 g, 10 mmol), chloroacetic acid (0.945 g,
10 mmol), and anhydrous K2CO3 (1.38 g, 10 mmol) were
mixing in 50 mL dry acetone and heated under reflux for 6 h.
TLC was used to follow the formation of isatin-N-acetic acid.
The solid product was separated and filtered. The product was
dried under reduced pressure to give orange crystals and rec-
rystallized from ethanol, m.p. 113–115 �C.

Preparation of Ethoxylated Fatty Alcohols

Ethoxylated fatty alcohols (C8,10,12) were producing using a
semi-micro apparatus with a K10 clay catalyst at 40–50 �C
(Sallay et al., 1997). The EO was added to the reactor (free
from oxygen) containing 0.1 mol fatty alcohols and about
0.2–0.55 wt% catalyst to give the desired average degree of
ethoxylation (5, 7 and 9 mol of ethylene oxide) (Hussein and
Khowdiary, 2014). The EO uptake (average degree of eth-
oxylation) was determined from the increasing weight of the
reaction mixture and confirmed by IR and 1HNMR (Ahmed
et al., 1996). The reaction conditions and product characteri-
zation of the ethoxylation process are given in Table 1.

Fig. 1 1HNMR spectrum of compound 4c
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Preparation of the Nonionic Surfactants (N-Isatin-EO5,7,9-
C8,10,12) from Reaction of Isatin-N-Acetic Acid with
Ethoxylated Fatty Alcohols

Isatin-N-acetic acid (5 mmol, 1.025 g), ethoxylated fatty
alcohols (5 mmol), 50 mL dry toluene and a few drops of
concentrated H2SO4 with molecular sieves (A� 4,8 mesh)
were put into a reflux system. The reaction mixture was
stirred at 150 �C for 24–36 h. The product was separated
by evaporation of the reaction solvent. Table 2 shows the
reaction conditions and characteristics of the prepared non-
ionic surfactants (N-isatin-EO5,7,9-C8,10,12), which are indi-
cated by (4–6)a–c.

Characterization of the Chemical Structure of the
Prepared Compounds

Infera red (IR) spectra of KBr powder-pressed pellets were
recorded on a Shimadzu 470 spectrometer. 1HNMR spectra
as shown in Fig. 1 were measured in dimethylsulfoxide
(DMSO) solution using a Varian Gemini
300 (1H 300.0199481 MHz) with transcranial magnetic
stimulation (TMS) as the internal standard, and the

chemical shifts were reported in parts per million (ppm) on
a δ-scale (Microanalytical Center and Central Laboratory,
Cairo University, Egypt).

Surface Property Evaluation of the Prepared
Surfactants (4–6)a–c

Surface Tension Measurements

The surface tensions (STs) were measuring using a tensiom-
eter K6-processor (Krüss Company, Hambrug, Germany)
and the platinum ring detachment method (�0.5 mN m−1)
(Chavda et al., 2011).

Cloud Point

The cloud point was determined by stepwise elevation of
the temperature of the prepared surfactant solution (1.0 wt
% concentration). The time at which the turbidity started to
form in the clear solution. This temperature was checked
by reducing the solution temperature until the solution
became clear again (Durham, 1961).

Table 1 Reaction conditions and product characterization ethoxylation process

Alcohol (mole, g) Catalyst concentration wt% (g) Reaction temperature (�C) Yield % ADE

C8H18O (0.1, 13) 0.260 45 95 5, 7, 9

C10 H22O (0.1, 15.8) 0.316 45 95 5, 7, 9

C12H26O (0.1, 18.6) 0.372 50 94 5, 7, 9

C14H30O (0.1, 21.4) 0.428 50 93 5, 7, 9

ADE, average degree of ethoxylation.

Table 2 Reaction conditions and product characterization of nonionic surfactants (N-isatin-EO5,7,9-C8,10,12)

Compound Isatin-N-acetic acid
(g, mmol)

Ethoxylated fatty
alcohol (g, mmol)

Reaction
time (h)

Products
(g, mmol)

m.p. (�C) Yield (%) Color

C8En

4a (1.025, 0.005) (1.75, 0.005) 24 (2.478, 0.0046) 189–190 92.29 Yellow

4b (1.025, 0.005) (2.19, 0.005) 26 (2.90, 0.00456) 192–193 91.20 Yellow

4c (1.025, 0.005) (2.63, 0.005) 30 (3.209, 0.0045) 196–197 90.01 Yellow

C10En

5a (1.025, 0.005) (1.89, 0.005) 30 (2.543, 0.0045) 191–192 90.02 Yellow

5b (1.025, 0.005) (2.33, 0.005) 30 (2.92, 0.00447) 196–197 89.43 Deep yellow

5c (1.025, 0.005) (2.77, 0.005) 32 (3.15, 0.00425) 200–201 85.02 Deep yellow

C12En

6a (1.025, 0.005) (2.03, 0.005) 35 (2.63, 0.00443) 208–210 88.70 Orange

6b (1.025, 0.005) (2.47, 0.005) 35 (3.00, 0.00 44) 215–216 88.11 Orange

6c (1.025, 0.005) (2.91, 0.005) 35 (3.20, 0.00416) 220–221 83.12 Orange
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Foaming Height

The foaming height was measured by placing 25 mL from
a solution of 0.1 g of the prepared surfactant in 100 mL
water into a graduated glass cylinder. Next, the cylinder
was shaken well for 10 s, the solution was allowed to settle
for 30 s, and then the foam height was measured (Geng
et al., 2013; Saito et al., 1989).

Wetting Time

The wetting time is the recorded time to wet cotton fabric
at a 0.1 wt% aqueous surfactant solution. (Cohen and
Rosen, 1981).

Biodegradability

The biodegradability was investigated by dissolving the
prepared compounds in river water and measured by using
a (Krüss type K6) tensiometer. Each surfactant (100 ppm)
was dissolved in river water and then the samples were
incubated at 38 �C. A sample was withdrawn daily (for
8 days) and filtered, and the ST value measured. The bio-
degradation percent (D%) calculated as follows:

D= γt−γ0=γbt−γ0ð Þ× 100

where γt is the ST at the time measured, γ0 is the ST at the
starting time, and γbt is the ST of the controlling sample at
the time mesured.

Measurement of the Surface Parameters

Critical Micelle Concentration

The critical micelle concentration (CMC) values for the
products were measured using ST techniques and plotting
the negative log of the surfactant concentration. The con-
centration of the surfactant versus the ST is shown in
Figs 2–4 (Hussein and Khowdiary, 2014).

Efficiency

The efficiency (PC20) is the concentration (mol L−1) at which
the ST is reduced by 20 dyne cm−1. The PC20 values are
measured from Figs 2–4 (Hussein and Khowdiary, 2014).

Effectiveness

The ST at CMC (γcmc) values used to calculate the values
of the surface pressure (effectiveness, Πcmc ) from the fol-
lowing expression:

Πcmc = γo−γcmc

where γo is the ST of pure water at room temperature.

Maximum Surface Excess

The maximum surface excess (Γmax) is the surface concen-
tration at which the surfactant molecules are adsorbed at
over the entire interface area. Γmax is calculated from the
ST using Gibb’s equation (Hussein and Khowdiary, 2014):

Γmax =
1

2:303RT
δγ

δ logc

� �
T

where R is 8.314 J mol–1 K–1, T is the absolute temperature,
and (δγ/δ logC) is the slope of the γ versus logC plot at
25 �C.
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Fig. 2 Surface tension versus log concentration of N-isatin-EO(5–9)-C8

at 25 �C

25

30

35

40

45

50

55

60

012345

S
u

rf
ac

e 
te

n
si

o
n

-log c

N-isatin-EO (5-9) -C10

N-isatin-EO5-C10

N-isatin-EO7-C10

N-isatin-EO9-C10

Fig. 3 Surface tension versus log concentration of N-isatin-EO(5–9)-
C10 at 25 �C

25
30
35
40
45
50
55
60

012345

S
u

rf
ac

e 
te

n
si

o
n

-log c

N-isatin-EO(5-9) -C12)

N-isatin-EO5-C12

N-isatin-EO7-C12

N-isatin-EO9-C12

Fig. 4 Surface tension versus log concentration of N-isatin-EO(5–9)-
C12 at 25 �C

J Surfact Deterg

J Surfact Deterg (2020)



Minimum Surface Area

The minimum surface area (Amin) is the minimum area per
molecule of prepared compounds at the interface. Amin is
calculated using the following equation:

Amin =
1014

Γmax *N

where N is Avogadro’s number and Γmax is the maximum
surface excess.

Molecular Modeling

The conformations of the target compounds were estimated
using semiempirical molecular orbitals from the calculated
energy, and geometrical optimization for the ligand structure
exhibited a common feature (Tables S1–S3) and Fig. 5. The
most stable conformer was fully geometrically optimized using
the molecular orbital function AM1 semiempirical Hamilto-
nian molecular orbital calculation MOPAC 16 package, which
uses the MMFF 94 (Halgren, 1996) force-field (calculations in
vacuo, bond dipole option for electrostatics, PolakeRibiere
algorithm, RMS gradient of 0.01 kcal mol−1) implemented in
MOE (Molecular Operating Environment, 2017).

Measurement of Antimicrobial Activity

The biological activity of the prepared compounds was
measured at the Micro Analytical Center, Cairo University,
Egypt. The antimicrobial activities of the tested samples
were determined using a modified Kirby-Bauer disc diffu-
sion method (Bauer et al., 1966; Liebowitz et al., 2001;
Pfaller et al., 1988; Takeshita et al., 1982).

Computational Study

Preparation of Small Molecules

The target compounds were built by minimizing their energy
with PM3 through MOPAC 16 then DFT using
B3LYP/6-311G. All the quantum chemical computations
were performed using the PM3 semi-empirical Hamiltonian
molecular orbital calculation MOPAC16 package, and then
employing density function theory in the Gaussian 09W pro-
gram package with the Becke3-Lee-Yang-parr (B3LYP) level
using 6-311G* basis as implemented in the MOE 2015 pack-
age. Optimization geometry for molecular structures was car-
ried out to improve our knowledge of the chemical structures.
Our compounds were introduced into the binding sites
according to the published crystal structures.

Selection of Protein Structures

A docking experiment was carried out for the target active
site into DNA Gyrase B (ID: 4uro) using MOE 2015. The
errors in the active sites were corrected by the structure
preparation process in MOE. After the correction, hydro-
gens were added and partial charges (Amber12: EHT) were
calculated. Energy minimization (AMBER12: EHT, root
mean square gradient: 0.100) was performed.

Binding Site Analysis

The binding site of each receptor was identified through the
MOE Site Finder program, which uses a geometric approach
to calculate the putative binding sites in a protein, starting
from its tridimensional structure. This method is not based on
energy models, but only on alpha spheres, which are a gener-
alization of convex hulls. The prediction of the binding sites,
performed by the MOE Site Finder module, confirmed the
binding sites defined by the co-crystallized ligands in the
holo-forms of the investigated proteins.

MOE Stepwise Docking Method

The crystal structures of the enzymes were obtained. Water
and the inhibitor molecules were removed, and hydrogen
atoms added. The parameters and charges were assigned
with a MMFF94x force field. After alpha-site spheres gen-
erated by using the site finder module of MOE. The opti-
mized 3D structures of molecules subjected to generate
different poses of ligands by using triangular matcher
placement method, which generates poses by aligning
ligand triplets of atoms on triplets of alpha spheres repre-
sented in the receptor site points, a random triplet of alpha
sphere center used to determine the pose during each itera-
tion. The pose generated rescoring using the London

Fig. 5 Optimized for compounds 4a, 5a, 6a, and 6b computed at
semiempirical PM3
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DG. scoring function. The poses generated refining with
MMFF94x forcefield, also, the solvation effects treated.
The Born solvation model (GB/VI) used to calculate the
final energy, and the finally assigned poses were assigning
by a score based on the free energy in kcal mol−1.

Results and Discussion

Chemistry

In this work nonionic surfactants were synthesized based on
an isatin nucleus, which can react with chloroacetic acid
(Arief et al., 2013) to give isatin-N-acetic acid, and esterified
with different ethoxylated fatty alcohols (C8,10,12) with 5, 7
and 9 mol of ethylene glycol units to provide nonionic surfac-
tants (N-isatin-EO5,7,9-C8,10,12 which abbreviated by 4–6a–c)
(Scheme 1). The chemical structures of the novel nonionic
surfactants were confirmed by FTIR spectra (Table 3) and
proton magnetic resonance data (Fig. 1 and Table 4).

Surface Properties of the Prepared Surfactants

The surface properties (cloud, foaming power, and wetting
power) of the aqueous solutions of the prepared nonionic
surfactants in a neutral medium were measured and tabu-
lated as shown in Table 5.

Cloud Points

The cloud points of the prepared nonionic surfactants the
increase of the hydrophobic and hydrophilic parts causes the rise
of the cloud point. EO9 in each series with hydrophobic part at
C12 are the highest one over all series. This increasemay attribute
the increase of the hydration of the oxygen in ethylene oxide,
and the increased ethylene oxide chain length needs higher tem-
peratures until phase separation occurs (Hussein, 2010).

Foaming Power

Nonionic surfactants are known for their low foam produc-
tion, where the foam height increases with the increasing of
the ethylene oxide units and chain length of hydrocarbon
part per molecule of the surfactant (Sallay et al., 1997).
From Table 5 it can be seen that the prepared compounds
have moderated foaming power, and each compound
exhibits not only moderate foam production but also low-
foaming stability. These effects may be due to the hydro-
phobic part (containing a chain and a ring) and the imide
group in the molecules. Consequently, an increase in the
size of the molecule will lead to a small cohesive force
being produced at the surface (Mohamed et al., 2005).

Wetting Time

It is clear from Table 5 that all the synthesized surfactants
show a small wetting time but a slight increase in the wet-
ting time is recorded with a low number of ethylene oxide
units (Cohen and Rosen, 1981).

Biodegradability

The ST data listed in Table 6, since the prepared nonionic
surfactants (4–6)a–c under investigation have different
hydrophilic and hydrophobic parts, both parts affect the
biodegradation process. It is clear from the data in Table 8
that the biodegradation has a good degradability ratio for
the prepared compounds, ranging between 50% and 99%
after the eighth day.

ST at the CMC

For the prepared nonionic surfactants (4–6)a–c the ST
values depend mainly on the hydrophobic part. The values
of ST at the CMC for these compounds decreased by
increasing their number of methylene units (Graciaa et al.,
1983). The CMC and surface parameters for the products
obtained from the constricted relationship of the ST (γ) ver-
sus the negative logarithm of concentration, as indicated in
Figs 2–4 for (4–6)a–c of the synthesized nonionic surfac-
tants. The CMC values, as shown in Table 7, range
between 7.9 × 10−3 and 3.61× 10−3 of nonionic surfac-
tants, semiliterate of CMC in the first three compounds due
to SAR (structure activity relationships) because all of them
C8 i.e. the external tail of alkyl chain same so hydrophobic-
ity for them also approximately same. Transformed from
C8 to C10 in the fourth compound as a regular increase in
chain length which has very little effect on hydrophobicity
so the difference between CMC values is very low. Gener-
ally, the synthesized surfactant molecules showed consis-
tent behavior according to their hydrophobic part. The
CMCs of the nonionic (4–6)a–c surfactants are low, which
may be due to the presence of ester and imide groups
besides the ethylene oxide units, which produce molecules
that are multifunctional (i.e., have low CMC and high solu-
bilizing capacity (Zhu et al., 1992). Ottaviani et al. (2015)
reported an inverse relation between the log solubility of
the surfactant molecules and their log CMC values. This is
because the surfactant molecules in the surfactant solution
take four states: present at surface, in the form of micelle,
free in the bulk or adsorbed at the wall of solution con-
tainer. Thus, when the solubility of the surfactant molecules
increases, there are more surfactant molecules present in
the bulk of the solution than at the surface so the critical
concentration at which micelles formed decreases.
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Compound Abbreviation Molecular structure

N-isatin-EO9-5))-C8

4a N-isatin-EO5-C8

4b N-isatin-EO7-C8

4c N-isatin-EO9-C8

N-isatin-EO(5–9)-C10

5a N-isatin-EO5-C10

5b N-isatin-EO7-C10

5c N-isatin-EO9-C10

N-isatin-EO(5–9)-C12

6a N-isatin-EO5-C12

6b N-isatin-EO7-C12

6c N-isatin-EO9-C12
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Effectiveness

From the data in Table 7 the prepared nonionic surfactants
demonstrate a good effect in reducing the ST at the CMC
(Mousli and Tazerouti, 2011).

Efficiency

From Table 7 it can be seen that an increase in the hydro-
phobic part leads to an increase in efficiency. Increasing the
chain length increases the hydrophobicity of the molecules.

Table 4 H1NMR data for N-isatin-EO5,7,9-C8,10,12

Compd. no.

4a δppm at 0.762 (t, 3H of terminal CH3–(CH2)7–); δppm at 1.201–1.502 (m, 12H of CH3–(CH2)6–CH2–O); δppm at
3.356–3.401 (t, 2H of CH3–(CH2)6–CH2–O); δppm at 3.522–3.806 (m, 18H of –COOCH2CH2O(CH2CH2O)4–OCH2)–;
δppm at 3.806–4.057 (t, 2H of –COOCH2CH2O); δppm at 4.732 (s, 2H of N–CH2CO); δppm at 6.926–7.430 (m, 4H of
aromatic protons)

4b δppm at 0.812 (t, 3H of terminal CH3–(CH2)7–); δppm at 1.206–1.507 (m, 12H of CH3–(CH2)6–CH2–O); δppm at
3.364–3.385 (t, 2H of CH3–(CH2)6–CH2–O); δppm at 3.408–3.582 (m, 26H of –COOCH2CH2O(CH2CH2O)6–OCH2)–;
δppm at 3.815–4.016 (t, 2H of –COOCH2CH2O); δppm at 4.358 (s, 2H of N–CH2CO); δppm at 6.959–7.504 (m, 4H of
aromatic protons)

5b δppm at 0.856–0.877 (t, 3H of terminal CH3–(CH2)8–); δppm at 1.254 (m, 16H of CH3–(CH2)8–CH2–O); δppm at 3.445 (t, 2H
of CH3–(CH2)6–CH2–O); δppmat 3.466–3.650 (m, 26H of –COOCH2CH2O(CH2CH2O)6–OCH2)–; δppm at 3.740 (t, 2H of
–COOCH2CH2O); δppm at 4.103 (s, 2H of N–CH2CO); δppm at 6.949–7.617 (m, 4H of aromatic protons)

5c δppm at 0.89 (t, 3H of terminal CH3–(CH2)8–); δppm at 1.240 (m, 16H of CH3–(CH2)8–CH2–O); δppm at 3.577 (t, 2H of
CH3–(CH2)6–CH2–O); δppmat 3.691–3.706 (m, 34H of –COOCH2CH2O(CH2CH2O)8–OCH2)–; δppm at 3.720 (t, 2H of –
COOCH2CH2O); δppm at 4.072 (s, 2H of N–CH2CO); δppm at 6.928–7.273 (m, 4H of aromatic protons)

Table 5 Surface properties of synthesized nonionic surfactants (N-isatin-EO5,7,9-C8,10,12)

Compound Cloud point
(�C 1.0 wt%)

Foaming 0.1 wt% Foaming
power (%)

Witting time
(s 0.1 wt%)

Initial foam (mm) After 5 min. (mm)

4a 60 25 20 80.0 91

4b 71 28 23 82.0 94

4c 80 34 28 82.4 96

5a 80 26 21 80.8 95

5b 85 30 25 83.3 97

5c 90 35 29 82.9 100

6a 80 32 26 81.3 112

6b 90 36 30 83.3 114

6c >100 38 32 84.2 116

Marlipal 24/50 ethoxylatea 22 — — 100 20

a Marlipal 24/50 ethoxylate is a commonly used nonionic surfactant prepared from decyl fatty alcohol and 7 mol of ethylene oxide.

Table 3 FTIR data for N-isatin-EO5,7,9-C8,10,12

Compound νOH νCH aliphatic νC=O Glycol

4a 3400 2925–2873 1700–1705 –

4b – 2874 1741, 1462.74 1140

4c – 1462, 2873.42 cm 1741, 1619.91 1146

5a – 2925.48, 1458.89 1735.62, 1622.8 1067

5b – 2922 1619, 1739 1070

5c – 1458, 2922 1616, 1734 1102

6a – 1468, 2886 1619, 1740 1114

6b – 1462, 2873 1618, 1743 1106

6c – 1401, 2922 1617, 1735 1093

J Surfact Deterg

J Surfact Deterg (2020)



Hence, hydrophobic interactions increase, which leads to
the migration of molecules to the surface, reducing the ST
and increasing the efficiency (El-Sukkary et al., 2010).

Maximum Surface Excess

The data in Table 7 show that the migration of a large num-
ber of molecules on the interface due to the increasing
hydrophobic character of the surfactant products increases
the Γmax (El-Sukkary et al., 2010).

Minimum Surface Area

The data in Table 7 indicate that an increase in Γmax values
leads to an increase in the number of adsorbed surfactant

molecules at the interface, which leads to decrease in Amin

values.

Computational Study

To achieve a better understanding of the molecular proper-
ties of the studied compounds and conformational analyses
performed on the crystal structures. Geometrical optimiza-
tion of the ligand structure exhibited a common feature for
compounds 4a–c and 5c in Tables S1–S3 and Fig. 5. The
computed molecular parameters, total energy, electronic
energy, heat of formation, highest occupied molecular
orbital (HOMO) energies, lowest unoccupied molecular
orbital (LUMO) energies, and dipole moment for com-
pounds 5a–c are listed in Table 8. The low calculated

Table 6 Biodegradability of synthesized nonionic surfactants (N-isatin-EO5-9-C8,10,12)

Compound 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day 8th day

4a 55 60 72 80 88 96 – –

4b 55 62 73 79 91 98 – –

4c 56 64 75 82 93 97 99 –

5a 53 60 68 76 86 90 97 –

5b 52 68 65 81 84 92 96 97

5c 51 56 64 71 79 86 92 96

6a 52 61 70 78 85 94 98 –

6b 51 59 67 77 84 93 98 –

6c 50 56 65 73 84 90 94 97

Table 7 Surface activity of isatin nonionic surfactants (N-isatin-EO5-9-C8–12)

Compound cmc πcmc pc20 Γmax Amin (nm
2)

4a 8.79E−03 37.00 4.59 9.12E−11 1.82

4b 7.94E−03 36.23 4.30 9.64E−11 1.72

4c 6.85E−03 34.69 4.09 9.68E−11 1.72

5a 6.78E−03 36.07 4.44 8.93E−11 1.86

5b 6.11E−03 35.85 4.16 9.81E−11 1.69

5c 5.73E−03 34.31 4.13 1.00E−10 1.66

6a 5.41E−03 35.85 4.63 9.03E−11 1.84

6b 5.01E−03 35.46 4.00 1.01E−10 1.64

6c 4.40E−03 33.82 3.84 1.07E−10 1.55

Table 8 The optimized calculations energies for nonionic surfactants 5a–c

Compound E HF IP HOMO LUMO HBD HBA LogP V TPSA %ABS Log S ΔE

5a −134, 034.73 −168.80 8.96 −8.96 −1.09 2 7 2.63 0 101.93 73.83 −4.67 8.39

5b −130, 228.95 −121.66 9.16 −9.16 −0.87 3 10 1.88 0 139.89 60.73 −5.45 8.29

5c −137, 635.72 −183.02 9.07 −9.03 −1.21 3 8 4.80 0 141.34 60.24 −6.64 7.50

log P, calculated lipophilicity; log S, solubility parameter; HBA, number of hydrogen bond acceptors; HBD, number of hydrogen bond donors;
V, volume (Å3).
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energies and high HOMO energy values show that the mol-
ecules are good electron donors. On other hand, the lower
HOMO energy values indicate a weaker ability of the mol-

ecules to donate electrons. The LUMO energy shows the
ability of a molecule to receive electrons, which explains
the potency of the antimicrobial activity.

Table 9 Biological activities of the prepared nonionic surfactants (N-isatin-EO5-9-C8–12)

Inhibition zone diameter (mm l mg sample)

Escherichia coli (G −ve) Staphylococcus aureus (G +ve) Aspergillus flavus fungus Candida albicans fungus

30 31 — —

— — 17 19

Compound Nonionic surfactants

4a 20 26 12 11

4b 22 23 11 11

4c 24 25 13 10

5a 19 25 11 10

5b 20 23 15 11

5c 19 19 14 12

6a 21 25 12 13

6b 21 27 16 11

6c 26 29 15 11

Table 10 Docking energy scores (kcal/mol) derived from MOE tool for 4a,b, 5a,b, and 6a,c

Compound ΔG Int. HB Eele Evdw ΔG

4a −5.7810 5.484 89.771 −48.661 −10.347 −20.786
4b −7.073 3.179 106.88 −86.77 −11.151 −24.88
5a −6.879 2.667 92.28 −42.03 −11.176 −24.54
5b −6.975 3.703 115.1 −78.21 −11.678 −24.93
6a −6.498 1.937 93.62 −79.25 −10.331 −20.74
6c −6.768 6.385 139.4 −24.68 −10.688 −16.43

ΔG, free binding energy of the ligand from a given conformer; Int., affinity binding energy of hydrogen bond interaction with receptor; HB,
hydrogen bonding energy between protein and ligand; Eele, electrostatic interaction with the receptor; Evdw, van der Waals energies between the
ligand and the receptor.

Fig. 6 The binding mode of 5a in active DNA gyrase
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ADMET Profiling

Many potential therapeutic agents fail to reach the clinic
because of their ADMET properties. ADMET profiling per-
formed for compounds 5a–c are listed in Table 8 by the
determination of the topological polar surface area (TPSA),
absorption percent (%ABS) (Zhao et al., 2002), and five
rules (Lipinski, 1997). Our results reveal that the C log
P (factor of the lipophilicity) is less than 5.0, the hydrogen
bond acceptors are between 7 and 10, and the hydrogen
bond donors are between 1 and 5. These data show that
these compounds fulfill Lipinski’s rule, and the absorption
percentage ranges between ~50% and 86%. Oral bioavail-
ability plays an important role in the development of bioac-
tive molecules as therapeutic agents.

Biological Activity

The cell membrane of microorganisms contain lipids,
which by its role gained it hydrophobic property, surfactant
molecules when adsorbed at the water cell membrane
increases its hydrophobicity, which increases its permeabil-
ity toward the outside media. This disturbs the biological
interactions, reducing the biological activity of DNA and
cell cytoplasm (Hussein and Khowdiary, 2014). All the
prepared nonionic (4–6)a–c surfactants were screened for
their antimicrobial activities. To study the antibacterial and
antifungal properties, the microorganisms employed were
Staphylococcus aureus (G−), Escherichia coli (G+), Can-
dida albicans (fungus), and A. flavus fungus. From the
results in Table 9, it can be seen that product 6c is the most
active compound against both type Bactria (G+ and G−),
while compound 6b the most potency via Aspergillus flavus
fungus. Compound 6a is the most effective against Candida
albicans fungus. In addition, all synthesized compounds
exhibited lower potency compared with the reference drug.

Generally, surfactants are able to show antimicrobial activ-
ity against bacteria and fungi (Kofonow and Adappa,
2012). This activity comes from the fact that in this non-
ionic surfactant, Amin values are very low, which means
that adsorption increases at the cell membrane MOE and
thus an increase in biological activity occurs.

Docking Studies

The docking study targeted DNA gyrase and cathepsin B to
examine a mode of action of the small compounds as antimi-
crobial and antitumor agents, respectively. The ligand–
protein interaction behavior estimated based on docking
score function as implemented in MOE 2015. All calcula-
tions for the docking experiment were carried out as reported
earlier (Elhenawy et al., 2015; Elhenawy et al., 2019b, b)
and are presented in Table 10. The crystal structures DNA
gyrase (PDB: 4uro (Robb et al., 2013) obtained. The com-
pounds 4a,b, 5a,b, and 6a,c dock into active sites on the
receptors. The ligands form complexes with the active sites
of both active site of enzymes. The extracted docked poses
of ligands energy-minimized with molecular mechanics
(Amber12: EHT) force field, until the gradient convergence
reached 0.05 kcal mol−1. The highest MOE scoring function
for the tested compounds was applied to evaluate the binding
affinities of the tested compounds (Table 10). The com-
pounds 4a,b, 5a,b, and 6a,c exhibited binding affinity with
DNA gyrase (−5.7810 to −7.073 kcal mol−1) (Table 10).
The tested compounds also combined with the important
amino acid residue Gly125 for DNA gyrase active site,
which there formed a strong hydrogen bonds with equal
bond distances about 2.9� (Figs 6 and 7, and Table 10).
These compounds were arranged parallel to Gly125 which
there are hydrophilic key for stabilization these compounds
in receptor. The different interaction modes of ligands with
hydrophilic amino acids backbone in both binding sites 4uro

Fig. 7 The binding mode of 5b in active DNA gyrase
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(Figs 6 and 7) postulated that hydrophobicity and membrane
permeability are important pharmabiotic characteristics for
absorption molecules in biological system.

Conflict of Interest The authors declare that they have no conflict
of interest.
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