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Abstract: In recent decades, sulfur-containing compounds have played a significant role in biological applications
because of their unique biological and chemical characteristics. Taurolidine, a sulfur-containing derivative of the
amino acid taurine, has been characterized theoretically utilizing Density Functional Theory (DFT) at the B3LYP
approach along with a 6-311++G(d,p) basis set. The impact of solvents on electronic characteristics, Molecular
electrostatic potential (MEP), and Fourier Molecular Orbital (FMO) in polar (water and ethanol) and nonpolar (toluene
and chloroform) has been analyzed. The bond distances of S1-C16 and S1-C17 have been simulated at 1.817 A and
observed at 1.743 and 1.739 A, respectively. These distances are increased compared to other bond distances due
to the influence of sulfur atoms. The distinctive simulated vibrational wavenumbers of taurolidine revealed peaks for
S0z, CH2, CN, and NH groups. The intramolecular interactions responsible for stabilizing the molecular structure of
taurolidine have been addressed using NBO analysis shows significant stabilization energy from electron-donating
lone pair oxygen O6 to antibonding S2-N10 with the stabilizing energy of 19.88 KJ/mol by the transition of LP(3)- ¢*.
The bonding characteristics and reactive sites (electron-rich and electron-poor) have been confirmed with Mulliken
and MEP analysis. The carbons (C17 and C16) emphasize the increased negative potential due to the sulfonyl (SO2)
group in the ortho position. The topological insights, ELF and LOL, were spotted using Multiwfn software, highlighting
the localized and delocalized electron regions within the crystal structure. In addition, molecular docking was
performed to predict the antagonist activity of taurolidine against -catenin protein, yielding a binding energy of -6.86
KJ/mol, which confirms its antiproliferative property.

Keywords: Taurolidine, DFT, Solvent effect, NBO, Molecular Docking

1. Introduction

Sulfur-containing compounds play a prominent
role in medicinal chemistry and drug discovery due to
their unique biological and chemical characteristics [1].
Sulfur-containing compounds with many pharmaceutical
and biological applications can exist in various forms,
such as sulfoxide, sulfonamide, sulfones, thioesters, and
sulfamides [2]. Volatile sulfur compounds are found in
small fractions in food, influencing desirable and
undesirable odors [3, 4]. However, sulfur is the sixth
most prevalent micromineral found in breast milk. In
addition, sulfur-containing amino acids play a crucial role
in stabilizing protein structures, metabolism, and
detoxification [5, 6]. Taurolidine chemically (1,1-
dioxoperhydro-1,2,4-thiabiazinan-4yl) methyl is a small
dimeric compound with a molecular formula and weight
of C7TH16N404S2 and 284.4 g/mol a derivative of non-

essential sulfur-containing amino acid taurine [7]. From
the structural interpretation, taurolidine comprises two
taurinamide rings linked together by methylene (CH-2)
group. The taurinamide rings have sulfonyl (SOz2) groups
in the ortho position concerning the N-H group.
Taurolidine was chemically derived from benzyl (2-
sulfamoylethyl) carbamate as a starting material by a
two-step reaction process [8]. Taurolidine has anti-
inflammatory, antiadherence, antiendotoxin, and
antibacterial properties [9]. In addition, taurolidine
prevents biofilm formation in catheters during peritoneal
dialysis to prevent peritonitis [10]. Taurolidine exhibits
antiviral activity against the influenza H5N1 virus by
downregulating the NF-kB signaling pathway [11].
Taurolidine downregulates polypeptide cytokines
activated by bacterial endotoxin in human peripheral
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blood mononuclear cells at a concentration of 40-100
pg/mL [12].

Density Functional Theory (DFT) is a
computational theoretical simulation approach that is
more flexible, cost-effective, and reliable in predicting
the molecular structures of natural and synthesized
compounds [13, 14]. According to the existing literature,
the theoretical and experimental spectroscopic
approach to sulfur-containing drugs such as modafinil
and topiramate have been reported [15, 16]. In addition,
a complete set of simulated spectroscopic properties of
sulfonamide drugs such as sulfadiazine, sulfamerazine,
and sulfamethazine have been reported earlier using
DFT with CAM-B3LYP, B3PW91, and BLYP level
theories using 6-311++G(d,p) basis set [17].
Surprisingly, no extensive simulation or experimental
spectroscopic approach to the molecular structure of
taurolidine has yet to be reported. Bearing this reason in
mind, our present study explores the structural,
electronic, and spectroscopic characterization of
taurolidine, which has been reported using the quantum
chemical computational method.

2. Material and methods

2.1 Computational details

The level of theory integrated into quantum
chemical computations plays a crucial role in
determining the accuracy of the predictions. Complete
theoretical simulations of taurolidine were carried out
using the DFT/B3LYP/6-311++(d,p) basis set,
implemented in the Gaussian 09W software package
[18-21]. The electronic (UV-visible) and FMO
characteristics of taurolidine were carried out with the
support of Time Dependent-Density Functional Theory
(TD-DFT) [22-25]. The Density of States (DOS)
spectrum for taurolidine in solvents (polar and nonpolar)
were calculated using the GaussSum program [26]. In
addition, NBO, Mulliken charge distribution, and MEP
were simulated with DFT/B3LYP using the same basis
set to predict the intra and intermolecular
hyperconjugations and reactive sites within the
molecular structure of taurolidine. The Chemcraft
program and GaussView 6 package were employed to
represent outputs [27, 28] visually. The Topology
analyses of taurolidine were simulated using Multiwfn
software [29]. Moreover, the AutoDock4 tool was utilized
for molecular docking prediction, offering a dependable
platform to assess the interactions and developing
essential insights into the potential biological
characteristics of taurolidine [30]. The visual outputs of
protein-ligand complex in 3D and 2D formats were
analyzed with the aid of PyMOL visuvalizing tool and
LigPlot+ programs [31, 32].

3. Results and discussions

3.1 Optimized geometry

The optimized taurolidine molecular structure
was calculated using DFT/B3LYP with a 6-311++G(d,p)
basis set, with atomic numbering displayed in Fig. 1. The
findings of the structural parameters (bond angles and
lengths) are illustrated in the Table. 1. The optimized
structure of taurolidine has thirty-two different types of
bond distances, such as four (S-0), two (S-C, C-C, and
N-H), eight (N-C), and fourteen (C-H) bond distances. In
the same way, taurolidine has fifty-six different types of
band angles, such as two (O-S-O, N-C-C, S-C-C, and C-
N-H), three (N-C-N), four (O-S-C and S-C-H), six (C-N-
C), sixteen (N-C-H), seven (H-C-H), eight (C-C-H)
angles, compared with crystal structure available in the
literature [33].

Figure 1. Optimized molecular structure of taurolidine

The molecular structure of taurolidine comprises
two sulfonyl (SO2) groups that give rise to four S-O bond
distances simulated within 1.457-1.459 A and observed
at 1.422-1.436 A. The bond angle of 03-S1-04 and O5-
S2-06 were computed at 122.2 and observed at 119.4°.
The bond distances of S1-C16 and S1-C17 have been
simulated at 1.817 A and observed at 1.743 and 1.739
A, respectively. Similarly, the bond angles of O-S-C, S-
C-C, and S-C-H were computed between 107.5-110.0,
110.2, and 106.3-106.6° and observed at 105.8-111.6,
110.7-111.0, and 108.8-109.2°, respectively. The bond
distance of N9-H32 and N10-H33 in the ortho position of
the sulfonyl (SO2) groups have been calculated at 1.016
and observed at 0.959 A. The bond angles of C-N-C, N-
C-H, N-C-N, and N-C-C were simulated between 111.9-
112.6, 111.0-112.5, 106.9-112.4, and 111.7° and
observed at 111.4-114.6, 109.9-115.6, 106.9-109.5,
114.5-114.9°, respectively. In addition, the bond angle of
C-N-H was simulated at 113.2 and observed at 107.2-
108.2°. The optimized structure of taurolidine has four
nitrogen atoms linked to methylene (CHz) groups, giving
rise to eight N-C bond distances calculated between
1.458-1.469 A and observed at 1.433-1.500 A. The bond
lengths of C-H and C-C have been computed within
1.531 and 1.091-1.103 A and observed at 1.508-1.529
and 0.959-0.960 A, respectively.
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Table 1. Experimental and theoretical geometrical parameters of taurolidine

Bond lengths (A) B3LYP Experimental Bond lengths (A) B3LYP Experimental
S1-O3 1.459 1.423 Ci1-His 1.103 0.959
S1-O4 1.457 - C11-Hao 1.103 0.960
S1-Cis 1.817 1.743 C12-Cis 1.531 1.529
S2-Os 1.459 1.436 Ci2-Hzo 1.091 0.959
S2-Os 1.457 1.422 Ciz-H21 1.102 0.960
S2-Cu7 1.817 1.739 Ci3-Car 1.531 1.508
N7-C11 1.458 1.448 Ci3-H22 1.091 0.960
N7-Ci2 1.469 1.447 Ci3-Hzs 1.102 0.959
N7-Cis 1.467 1.451 Ci14-Hoa 1.099 0.960
Ns-Ci1 1.458 1.463 Ci1a-Has 1.091 -
Ns-Ci3 1.469 1.458 Cis-Hazs 1.099 0.959
Ns-Cis 1.467 1.433 Cis-Haz 1.091 0.960
No-Ci4 1.462 1.500 Ci6-Hzs 1.091 0.960
No-Hsz 1.016 0.959 Ci6-H2o 1.091 0.960
N10-Cis 1.462 1.479 Ci17-Hso 1.091 0.960
N1o-Hss 1.016 0.959 Ci7-Ha1 1.091 0.960
Bond angles (°) B3LYP Experimental Bond angles (°) B3LYP Experimental
03-S1-04 122.2 - Ci13-Ns-Cis 111.9 110.4
03-S:1-Cis 107.5 110.7 Nsg-C13-C17 111.7 1145
04-S1-Cis 110.0 - Ns-Ci3-Hz22 107.8 108.2
S1-C16-Ca2 110.2 110.7 Ns-Ci3-Hzs 111.3 108.0
S1-Ci6-Has 106.6 109.1 Ns-Ci5-N1o 112.5 115.6
S1-Ci6-Hag 106.3 109.2 Ns-Cis-Hze 112.4 108.2
05-S2-O6 122.2 119.4 Ns-Cis-Hzz 109.0 107.4
O5-S2-Ca7 107.5 105.8 C14-Ng-Ha2 113.2 108.2
06-S2-Ca7 110.0 111.6 No-Ci4-Hz4 106.9 108.8
S2-C17-Ca3 110.2 111.0 No-C14-Hzs 107.7 -
S2-C17-Hso 106.6 108.8 C15-N1o-Hss 113.2 107.2
S2-Ci17-Ha1 106.3 109.2 N1o-Cis-Hze 106.9 109.0
C11-N7-Ca2 112.4 114.6 N1o-Cis-Hz7 107.7 106.9
C11-N7-Cus 112.6 114.1 His-C11-Hao 107.1 109.5
N7-C11-Ns 111.0 109.9 Ci16-C12-H2o 108.6 108.8
N7-Ci1-His 107.4 109.2 C16-C12-H21 109.3 107.4
N7-Ci1-Hao 112.0 109.2 C12-Ci6-Hos 111.6 108.6
C12-N7-Cu4 111.9 1114 C12-Ci6-Hag 112.0 109.6
N7-C12-Cie 111.7 114.9 H20-Ci2-H21 107.9 109.4
N7-C12-Hz2o 107.8 107.7 C17-Ci3-H22 108.6 108.3
N7-C12-H21 111.3 108.2 C17-Ci3-Has 109.3 108.1
N7-C14-No 112.5 114.9 C13-C17-Hao 111.6 108.8
N7-Ci4-Ha4 112.4 108.3 C13-Ci7-Ha1 112.0 109.3
N7-Cis-Has 109.0 - H22-Ci3-Hzs 107.9 109.4
C11-Ns-Ci3 112.4 113.5 H24-C14-Hzs 108.2 -
C11-Ns-C15 112.6 113.7 H26-C1s-Hz7 108.2 109.4
Ns-C11-H1s 112.0 109.3 H2g-C16-H2g 109.9 109.4
Ns-C11-Hag 107.4 109.5 Hsz0-C17-Ha1 109.9 109.4

*Taken from Ref [32]

On the other hand, the bond angles of C-C-H  107.9-109.9° and the corresponding numerical
and H-C-H were computed within 108.6-112.0, and  experimental values fell between 107.4-109.3 and
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109.4-109.5°, respectively. The linear coefficient (R2)
values between computed and experimentallyobserved
findings of bond angles and distances of taurolidine were
found at 0.98607 and 0.98607, respectively. The
correlation graph for structural parameters in Figure 2
confirms the excellent correlation between taurolidine's

1.8 4  R"=0.98607

Experimental bond lengths (A)

1.0 4

T T T T T
1.0 1.2 1.4 1.6 1.8

Theoretical bond lengths (A)

)
184 r°=098607

1.6

Experimental bond angles (=)

0.8 T T T T T
1.0 12 1.4 1.6 1.8

Theoretical bond angles (=)

Figure 2. Correlation graph between experimental and
theoretical bond lengths and bond angles of taurolidine
computed and experimental findings.

3.2 Vibrational analysis

Taurolidine covers 33 atoms, and 150 electrons
give 93 fundamental wavenumbers interpreting to 3N-6
with C1 point group symmetry. The simulated vibrational
wavenumbers and the aggregating vibrational spectra
are illustrated in Table 2 and presented in Figure 3. The
potential energy distribution (PED) to confirm the
potential vibrational modes exhibited by different
functional groups. In addition, the calculated vibrational
modes are scaled with a scaling factor of 0.96.

3.2.1 Stretching vibrations

Taurolidine has two sulfonyl (SO2z) groups in the
ortho position concerning the N-H group, giving rise to
SO: stretching modes. The SO: stretching modes for
pyrazole borate derivatives were simulated at 1105 cm-
1 and 1115 cm-1 for pyrazole pinacol esters [34]. The
sulfonamide (SO2) stretching mode was simulated in
taurolidine at 1076 and 1072 cm-1 with a PED
contribution of 70 and 69%, respectively. The anticipated
N-H stretching modes in heterocyclic compounds fell
between 3500-3320 cm-1 [35]. In taurolidine, the N-H

group salvaged between sulfonyl (SO2) and methylene
(CHy2) groups gives rise to stretching modes at 3391 and
3389 cm-1 with a PED contribution of 100%. The titled
compound comprises four nitrogen atoms linked with
methylene groups, giving rise to C-N stretching modes.
In nature, it is difficult to predict the C-N stretching
wavenumbers due to the overlapping of multiple
functional group bands that will appear in a similar
region. The anticipated C-N stretching modes were
felled between 1382-1266 cm-1 [36]. In taurolidine, the
C-N modes were calculated at 1391, 1387, 1375, and
1352 cm-1. Typically, the methylene (CH2) stretching
wavenumbers are anticipated to occur between 3100-
3000 cm-1 for asymmetric and 3000-2900 cm-1 for
symmetric modes [37]. In taurolidine, the wavenumbers
are simulated at 3011-2966 and 2915-2815 cm-1 for
asymmetric and symmetric modes, respectively. The C-
C stretching vibrations were felled within 1650-1200 cm-
1 [**]. In taurolidine, the C-C stretching was simulated at
980, 972, and 959 cm-1 compared to the standard
range; the wavenumbers have been simulated at the
lower frequencies due to electron withdrawing sulfonyl
(S0O2) and nitrogen groups influence the bond to stretch
easily resulting in decreased wavenumbers.

34 3089

Raman

1505 331 1117

774 622

Absorbance

1096

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (um'l )

Figure 3. Simulated FT-IR and FT-Raman vibrational
spectra of taurolidine

3.2.2 Bending vibrations

The CH: deformations in-plane (rocking and
scissoring) and out-of-plane (twisting and wagging)
manifest below 1500 cm-1 [38]. In taurolidine, the CH2
deformations simulated below 1454 cm-1. In literature,
the N-H deformation for 2TFBZ was simulated at 1199
and 1197 cm-1 and pioglitazone at 1199 cm-1 [39]. From
these findings, the N-H deformation of taurolidine was
simulated at 1387, 1375, 1336, 1292, and 1284 cm-1. In
addition, the SOz scissoring modes of sulfonamide drugs
at 569, 568, and 538 cm-1 for sulfadiazine,
sulfamerazine, and sulfamethazine respectively [17]. In
taurolidine, the scissoring modes were simulated at 513,
489, 414, and 301 cm-1 with a PED contribution of 40,
80, 18, and 10, respectively.

Int. Res. ]J. Multidiscip. Technovation, 6(6) (2024) 54-70 | 57



Vol 6 Iss 6 Year 2024 A. Mani & R. Elaiyaraja /2024

Table 2. Theoretical FT-IR and FT-Raman wave numbers of taurolidine

Theoretical wave numbers (cm-1)
Modes Vibrational assignments (> 10% PED)
Unscaled Scaled lir SARaman
1 3532 3391 22.43 60.46 u NH (100)
2 3530 3389 21.91 61.72 u NH (100)
3 3136 3011 1.51 53.93 Uas CH2 (99)
4 3135 3010 1.93 62.53 Uas CH2 (99)
5 3093.68 2970 7.78 198.39 Uas CH2 (93)
6 3093.48 2969 4.16 14.16 Uas CH2 (94)
7 3092 2968 13.11 89.49 Uas CH2 (94)
8 3090 2966 15.10 87.59 Uas CH2 (94)
9 3073.45 2951 1.77 76.11 us CH2 (97)
10 3073.15 2950 2.39 106.6 us CH2 (97)
11 2994 2874 64.61 179.85 us CH2 (84)
12 2993 2873 11.58 34.03 Us CH2 (95)
13 2961 2843 61.02 66.53 Uas CH2 (96)
14 2957 2839 9.86 165.78 Us CH2 (94)
15 2956 2838 45.57 13.32 Us CH2 (96)
16 2932 2815 51.50 72.82 us CH2 (98)
17 1515 1454 9.54 19.85 B HCH (70)
18 1511 1451 7.32 1.37 B HCH (66)
19 1506 1446 0.56 8.72 B HCH (76)
20 1493 1433 2.85 2.10 B HCH (88)
21 1492 1432 0.70 6.09 B HCH (70)
22 1465 1406 2.43 2.12 T HCNC (38)
23 1449 1391 4.29 3.78 u CN (49)
24 1447 1389 0.19 1.17 B HCH (100)
25 1445 1387 87.63 8.27 B HNC (25), B HCH (34), u CN (32)
26 1432 1375 74.92 0.18 B HNC (41), u CN (46)
27 1408 1352 0.62 7.26 T HCNS (10), THCNC (14), u CN (18)
28 1399 1343 36.61 2.22 T HCNC (41)
29 1392 1336 0.49 0.31 B HCN (11), T HCNC (20), T HCNS (11)
30 1377 1322 19.85 2.53 T HCNS (14), T HCNC (10)
31 1346 1292 12.71 9.22 B HCC (24), B HCN (10)
32 1338 1284 107.96 2.57 B HCN (13)
33 1337 1284 4.92 1.15 B HCC (32)
34 1331 1278 68.65 6.12 B HCN (10)
35 1323 1270 52.74 8.21 B HCN (17)
36 1293 1241 122.20 2.64 B HCN (23)
37 1292 1240 53.25 7.33 T HCCN (10)
38 1265 1214 54.81 0.70 B HCC (10)
39 1245 1195 0.55 4.12 B HCC (32)
40 1215 1166 7.44 0.74 B HCC (21)
41 1206 1158 28.08 12.52 u NC (21)
42 1185 1138 67.21 2.97 B HCC (16), T HCCN (20)
43 1177 1130 47.21 0.77 B HCC (16)
44 1152 1106 36.08 4.43 u NC (36)
45 1126 1081 1.66 2.62 u NC (22)
46 1121 1076 0.65 14.76 u SOz (70)
47 1117 1072 261.42 6.27 u SO2 (69)
48 1096 1052 25.06 8.17 u NC (29)
49 1084 1041 369.01 2.30 u NC (26)
50 1065 1022 28.28 0.04 u NC (35)
51 1042 1000 19.11 0.45 1 HCNC (10)
52 1040 998 6.30 6.61 u NC (32)
53 1021 980 0.63 1.21 u CC (20)
54 1013 972 36.12 0.04 u CC (32)
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55 999 959 0.95 0.34 u CC (42)

56 977 938 8.54 3.39 u NC (38)

57 938 900 0.08 4.64 B CCN (24)

58 931 894 177.85 0.03 B CCN (22)

59 805 773 20.59 1.44 u NC (33)

60 804 772 6.92 2.36 u NC (29)

61 776 745 6.69 14.74 u SN (27), T HNCN (26)

62 774 743 69.08 3.72 u SN (22), T HNCN (25)

63 745 715 83.39 6.44 T HNCN (42)

64 733 704 203.82 1.61 B NCN (28)

65 651.26 625 1.19 13.37 B NCN (27)

66 651.21 625 1.40 0.34 B NCN (14)

67 622 597 120.71 1.13 u SN (21), THNCN (11)

68 617 592 19.14 19.75 u SN (12). THNCN (10)

69 534 513 0.05 3.81 B OSO (40)

70 509 489 77.03 3.90 B OSO (80)

71 470 451 0.18 6.55 B NCN (11), 1 OCOS (12)

72 469 450 3.34 1.37 B NCN (12), 1 OCOS (11)

73 463 444 7.60 7.09 B CCN (12), 1 OCOS (19)

74 462 156 1.09 1.15 B CCN (10), 1 OCOS (21)

75 431 414 1.38 4.16 B OSO (18), 1 OCOS (10)

76 421 404 30.04 1.73 1 OCOS (17)

77 406 390 0.01 251 1 CCCN (13)

78 388 372 4.59 1.42 B CNC (10), B OSN (12)

79 354 340 5.42 0.19 B CNC (34)

80 344 330 1.66 0.53 T OCNS (26)

81 314 301 14.90 0.28 B OSO (10)

82 311 299 1.63 2.04 B CCN (10), B OSN (15), T OCOS (10)

83 287 276 2.86 0.08 B OSN (11), T OCNS (21)

84 234 225 0.58 0.66 T OCNS (22)

85 224 215 4.10 0.03 B OSN (14)

86 222 213 0.35 3.84 B SNC (12),  OSN (12)

87 193 185 1.85 1.17 TNCNC (10), T SNCN (15)

88 188 180 4.35 0.08 T CCNC (14)

89 103 99 1.87 0.60 B NCN (19), B SNC (20), T CNCN (12)

90 99 95 3.25 0.17 TNCNC (10), T CNCN (12)

91 47 45 0.19 0.10 TNCNC (32), 1 CNCN (41)

92 37 36 6.95 0.29 TNCNC (19), T CNCN (29)

93 35 37 7.85 0.08 B NCN (17), B CNC (14), T NCNC (33)
U - stretching, us- symmetric stretching, uas - asymmetric stretching, T1- torsion, w- wagging, *- scissoring, (-
deformation. Theoretical wavenumber scaling factor: 0.96 for all vibrations.
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Figure 4. Simulated electronic spectra of taurolidine in gas, polar and nonpolar solvents
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Figure 5(a). HOMO-LUMO energy gap of taurolidine in the gas phase and polar solvents
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Figure 5(b). HOMO-LUMO energy gap of taurolidine in nonpolar solvents

3.3 Electronic properties

Taurolidine, a compound derived from the
amino acid taurine, was selected based on the solubility
characteristics of taurine. Taurine is known to be partially

soluble in organic solvents and poorly soluble in water,
influencing the choice of taurolidine solvents [40]. The
computed electronic and Frontier Molecular Orbital
(FMO) characteristics of taurolidine assess the stability
and chemical reactivity of the molecular structure. The
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simulation was made with different phases, such as gas,
polar (water and ethanol), and nonpolar (toluene and
chloroform) solvents. The computed electronic spectra
and FMO (HOMO and LUMO) graphs of taurolidine are
visualized in Figures 4 and 5 and the corresponding
wavelengths, major and minor contributions, and FMO
findings are tabulated in Tables 3 and 4. The compound
with an increased HOMO-LUMO energy gap is more
stable and has decreased chemical reactivity due to

more energy required to promote the electrons from H-

L transitions. Conversely, a reduced HOMO-LUMO
energy gap indicates less stability and more reactivity

due to reduced energy required for electrons from H-L

transitions. In taurolidine, a strong peak was observed at
203 (gas), 202 (ethanol and water), and 201 (chloroform

and toluene) by H-L transitions. The blue and aureate

colors in the HOMO-LUMO map represent the occupied
and unoccupied orbitals, respectively. In taurolidine, the
simulated energy gap was felled at 6.4667 eV (gas),
6.5286 eV (chloroform), 6.8175 eV (toluene), 6.5046 eV
(ethanol), and 6.4973 eV (water). Compared with polar
solvents, nonpolar solvents have increased energy gaps
and confirm their stability and reactivity in polar solvents.
The energy gap of nonpolar solvent toluene has
increased compared to other solvents, confirming the
compound's increased stability and decreased chemical
reactivity. The DOS spectrum of taurolidine in gas, polar,
and nonpolar solvents is demonstrated in Figure 6.

3.4 NBO

In computational chemistry, NBO analysis is
used to examine the molecular structure of compounds
by understanding the bonding interaction and
distribution of electrons [41]. In NBO, the bonding
orbitals (BD) donor and antibonding orbital (BD*)
acceptor interactions emphasize the stabilizing
energies. The highest and lowest stabilizing energy
corresponds to the molecular system's strongest donor-
acceptor and weakest donor-acceptor interactions. In
taurolidine, the NBO characteristics have been
simulated using the DFT/B3LYP method with a 6-
311++G (d,p) basis set; the numerical values are
tabulated in Table 5. In taurolidine, the stabilization of
interaction between electron-donating lone pair oxygen
06 to antibonding S2-N10 with the stabilizing energy of
19.88 KJ/mol by the transition of LP(3)- o* contributes
the maximum stabilization. The second major stabilizing
energy from the lone pair oxygen O3 and O6 to
antibonding S1-C16 and S2-C17 with the stabilizing
energy of 18.48 KJ/mol by the transition of LP(2)- ¢*. In
addition, LP(2)- o* transitions were also simulated
between electron-donating lone pair oxygens O3, 04,
O5 and O6 to anti-bonding S1-C16, S1-04, S1-N9, S1-
03, S1-N5, S3-C17, S2-06, S2-N10, and S2-O5 by
LP(2)- 0* and LP(3)- o™ transitions.

3.5 Mulliken charge distribution

In computational chemistry, Mulliken charge
distribution provides better insight into electron density
distribution within the molecular structure, allowing for
the prediction of intermolecular interactions, reactivity,
and chemical properties [42]. Figure S1 (Supplementary
material) shows the Mulliken distribution of charges in
taurolidine, and the agreeing numerical values are
tabulated in Table 6. In taurolidine, the carbon atoms
C17 (-0.78141e) and C16 (-0.78142¢) have increased
negative potential as a result of the sulfonyl (SO2) group
in the ortho positions. The nitrogen atoms N9 (-
0.28325e) and N10 (-0.28323e) have net negative
potential linked with the sulfonyl (SO2) group. Whereas
the nitrogens N7 (0.235882e) and N8 (0.235866€)
salvaged between the methylene (CH2) groups have net
positive potential due to reduced density of electrons
around the nitrogens by the influence of methylene (CHz)
groups. As expected, the oxygen (03-06) and hydrogen
(H18-H33) atoms have net negative and positive
potentials. The sulfur atoms S1 (0.43790e) and S2
(0.437884e) linked with oxygen atoms attract the
electrons towards themselves, making them an
increased positive potential. In addition, the outputs
were closely confirmed by MEP analysis.

3.6 MEP analysis

MEP analysis predicts the positive (electron-
poor) and negative (electron-rich) regions in theoretical
chemistry by generating the color map. The color map
comprises red (electron-rich) and blue (electron-poor),
which correspond to regions that donate and accept
electrons during a chemical reaction. The MEP offers
better insight into noncovalent interactions such as Van
der Walls, hydrogen bonding, and electrostatic attraction
and how they interact with other compounds. Fig. S2
(Supplementary material) illustrates the MEP color map
of taurolidine in polar (water and ethanol) and nonpolar
(chloroform and toluene) solvents. The electrostatic
potential range of taurolidine was simulated between -
5.865 x 10-2 to 5.865 x 10-2 e.s.u. (gas), -7.006 x 10-2
to 7.006 x 10-2 e.s.u. (ethanol), -7.077 x 10-2 to 7.077 x
10-2 e.s.u. (water), and -6.647 x 10-2 to 6.647 x 10-2
e.s.u. (chloroform and toluene). In taurolidine, the red
region (electron-rich) masks over the oxygen atoms (O3,
04, 05, and 06) in the sulfonyl (SO2) group site for
nucleophilic reactive species. The blue (electron-poor)
region covers the hydrogen atoms in the methylene
(CHz2) groups, affirming the site for electrophilic reactive
species. Solvents have increased electrostatic potential
range in polar (water and ethanol) compared to nonpolar
(toluene and chloroform) due to solvent-solute
interactions. The negative potential around the oxygen
atoms (03, 04, 05, and O6) creates hydrogen bonding
with positively charged hydrogen atoms in the enzymes
or proteins.
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Figure 6. Simulated DOS spectrum of taurolidine in the gas phase, polar and nonpolar solvents
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Table 3a. Calculated wavelengths (A), excitation energies (E), and oscillator strengths (f) of taurolidine in gas

phase and polar solvents

TDDFT /B3LYP/ 6-311++G(d,p)

Gas A(nm) |E(eV) |F Major contributions Minor contributions

214 5.79 0.0009 | H—L (96%) H-1-L+1 (2%)

211 5.87 0.0001 | H-1—L+1(92%) H—-L+1 (6%)

203 6.09 0.0456 | H—L+2 (98%) -
Ethanol | 213 5.82 0.0021 | H—L (94%) H-1—-L+1 (3%)

210 5.87 0.0031 | H-1—L (90%) H—-L+1 (7%)

202 6.13 0.0517 | H-L+1 (74%), H—L+3 (15%) H-1-L (5%), H—L+2 (3%)
Water 213 5.81 0.0019 | H—L (94%) H-1—-L+1 (3%)

211 5.87 0.0039 | H-1—L (90%) H—-L+1 (3%)

202 6.12 0.0482 | H—L+1 (73%), H—L+3 (16%) H-1-L (6%), H-1—>L+2 (3%)

Table 3b. Calculated wavelengths (A), excitation energies (E), and oscillator strengths (f) of taurolidine in

nonpolar solvents

TDDFT /B3LYP/ 6-311++G(d,p)
Chloroform A(nm) |E(eV) |F Major Minor contributions
contributions

212 5.82 0.0026 | H—L (95%) H-15L+1 (3%)

210 5.88 0.0007 | H-1—-L (92%) H—L+1 (6%)

201 6.13 0.0622 | H—-L+1 (85%) H-01—>L (4%), H-1-L+2 (4%), H—L+3
Toluene 213 5.81 0.0026 H—L (95%) (I-?-f)—>L+1 (2%)

210 5.88 0.0001 | H-1-L (92%) H—L+1 (5%)

201 6.12 0.0667 | H—L (88%) H-15L (4%), H-1>L+2 (4%)

Table 4. The FMO energies and energy gap of taurolidine in gas phase, polar and nonpolar solvents

B3LYP/6-311G++ (d, p) Formula | Gas Chloroform | Ethanol | Toluene | Water
Enowmo (V) - -7.4605 -7.0145 -6.8537 | -7.1666 | -6.8235
ELumo (eV) - -0.9938 -0.4859 -0.3491 | -0.6315 | -0.3262
Enowmo-Lumo gap(eV) - 6.4667 6.5286 6.5046 | 6.8175 6.4973
lonization potential (1) -Eromo 7.4605 7.0145 6.8537 7.1666 6.8235
Electron affinity (A) -ELumo 0.9938 0.4859 0.3491 0.6315 0.3262
Electronegativity (x) (1+A)/2 4.2271 3.7502 3.6014 | 3.8990 3.5748
Chemical potential () -X -4.2271 -3.7502 -3.6014 | -3.8990 | -3.5748
Chemical hardness (n) I-A 6.4667 6.5286 6.5046 | 6.8175 6.4973
Chemical softness (s) 1/2n 0.0773 0.0765 0.0768 | 0.0733 0.0769
Global Electrophilicity (w) | p2/2n 1.3851 1.0771 0.9969 | 1.1149 | 0.9834
Maximum electron charge | —(u/n) 0.6536 0.5744 0.5536 | 0.5719 0.5501
(ANmax)
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3.7 Topological analysis
3.7.1 ELFand LOL

The ELF and LOL quantify the probability of
electrons localized in specific regions. In addition, the
ELF and LOL analyze the behavior of electrons, charge
distribution, and density of electrons to get a better
insight into atoms' molecular bonding and electronic
behavior. In ELF, The high and low values signify
localized electrons (red) and delocalized electrons (blue)
in the molecular structure. In LOL, the yellow regions
encircled with blue and the white region encircled with
red represent the bonding interaction within the core
atoms and valence cell, respectively [43]. The 3D plots
of ELF and LOL illustrate the orbital distributions,
forecasting better insight into taurolidine's crystal
structure. The maps simulated within the range of 0 to 1
specify the delocalized and localized orbitals in the
crystal structure. In the orbital graph, the values below
0.5 represent the delocalized regions, and values above
0.5 represent localized regions. The calculated ELF and
LOL color-filled, contour, and projection maps for
taurolidine have been illustrated in Figs. 7 and 8. In
taurolidine, the hydrogens H24 (salvaged between
nitrogen atoms) and H31 (linked with the sulfonyl group)
are masked with red regions. In nature, a hydrogen atom
comprises single electrons that form bonds with
neighboring atoms by sharing. The red regions indicate
localized electron density around the hydrogen atoms,
likely due to the electronegative oxygen atoms forming
polar bonds, which pull electron density towards the
hydrogen atoms due to electrostatic effects. In addition,
the blue rings cover the carbon C11, nitrogen N7, and
sulfur S2 atoms, signifying the delocalized electron
regions due to conjugated system electrons are shared
and spread out in the aromatic system. In LOL, the white
region is circled red, highlighting concentrated electrons
around the atoms, and blue circles signify the
delocalized electron regions. In taurolidine, the hydrogen
atoms H24 and H31 are encircled with red color, and
carbon C11, nitrogen N7, and sulfur S2 atoms are
masked with blue rings, confirming localized and
delocalized electron regions, respectively.

3.8 ADME prediction

ADME is a rapid screening method used in drug
discovery to forecast the molecular properties of drugs
(phytomedicines and synthetic compounds). According
to Lipinski's criteria, a compound considered a drug has
no more than one violation of the Lipinski rule of five. The
molecular characteristics of taurolidine are tabulated in
the Table. S1 (Supplementary material) and the
consistent boiled egg and radar graph were illustrated in
Fig. S3 (Supplementary material). From the findings,
taurolidine comprises a molecular weight of 284.36
g/mol, with eight and two hydrogen bond donors and
acceptors, respectively. According to Lipinski, the
compound's molecular weight must be below 500 g/mol

with less than five hydrogen bond donors and acceptors.
From this observation, taurolidine confirms its potential
bioactivity. In addition, the TPSA and lipophilicity values
must be less than 140 A2 and five, respectively. In
contrast, taurolidine's TPSA and lipophilicity findings
were simulated at 115.58 A2 and -1.55, respectively.
The pictorial boiled egg graph confirms that taurolidine
has increased Gastrointestinal region (Gl) absorption
and Blood-brain barrier (BBB) penetration.

The bioavailability radar for taurolidine falls
within the pink region, indicating that it possesses
favorable properties for optimal bioavailability, which
suggests a good balance of pharmacokinetic
characteristics essential for effective therapeutic use.
The Quantitative Estimate of Drug-likeness (QED) is a
numerical value encompassing various physicochemical
and structural properties. QED values range from 0 to 1,
where a QED value of 1 indicates favorable drug-
likeness properties, while 0 signifies poor drug-likeness.
The QED score for taurolidine, simulated at 0.574 using
ADMET Lab 2.0, suggests that the compound
possesses moderate drug-likeness properties. These
findings will help researchers conduct in vivo and in vitro
drug discovery processes.

3.9 Molecular docking

Molecular docking is a simulation method used
in drug designing and structural biology to forecast the
orientation of a macromolecule (Protein) with a small
molecule (ligand) [44, 45]. The molecular structure of the
Protein (macromolecule) was extracted from the Protein
Data Bank (PDB) with a resolution of 2.76 A and kept in
PDB format. The taurolidine (ligand) crystal structure
was extracted from PubChem in SDF format, optimized
using the GaussView 6 program without geometrical
restriction, and saved in PDB format. The active site
binding domain for the amino acid is enclosed within a
grid box measuring 126x106x104 A (XxYxZ) for beta-
catenin. The molecular docking simulation was
performed between a ligand (taurolidine) and a
macromolecule (3TX7), resulting in nine conformations.
Among these, the conformation with the lowest docking
energy was identified as the best. From the findings,
taurolidine shows a binding affinity of -6.86 KJ/mol,
characterized by hydrogen bonding and hydrophobic
interactions. The ligand (taurolidine) exhibits two
hydrogen bonds with the amino acids glutamic acid 505
and lysine 437 with a bond distance of 2.86 and 3.09 A,
respectively. In addition, taurolidine makes hydrophobic
interactions with the amino acids histidine 430, glutamic
acid 433, arginine 505, leucine 434, isoleucine 509, and
alanine 508. The 3D and 2D interaction map of ligand
and protein was illustrated in Figure 9 and presented in
Table 7. B-catenin is a regulatory protein that activates
genes responsible for cell proliferation, survival, and
differentiation within the Wnt signaling pathway.
Mutations in beta-catenin can contribute to
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Figure 7. ELF Projection and Contour map of taurolidine
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Figure 9a. Native structure of protein
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Figure 9b. Native structure of protein

Table 5. Second-order perturbation theory of fock matrix in selected NBO basis for taurolidine

Donor (i) | Type Acceptor (j) | Type Type of E(2)2 E()-E(i)° F(i,j)°
transition (KJ/mol) (a.u) (a.u)
03 LP(2) S1-C16 o* LP(2)- o* 17.54 0.41 0.076
03 LP(3) S1-04 o~ LP(3)- o* 17.35 0.58 0.091
03 LP(3) S1-N9 o~ LP(3)- o* 16.35 0.41 0.074
04 LP(2) S1-C16 o* LP(2)- o* 18.48 0.41 0.078
04 LP(3) S1-03 o~ LP(3)- o* 14.33 0.58 0.083
04 LP(3) S1-N5 o* LP(3)- o* 15.88 0.41 0.082
05 LP(2) S3-C17 o* LP(2)- o* 17.54 0.41 0.076
05 LP(3) S2-06 o* LP(3)- o* 17.34 0.58 0.091
05 LP(3) S2-N10 o~ LP(3)- o™ 16.36 0.41 0.074
06 LP(2) S2-C17 o~ LP(2)- o™ 18.48 0.41 0.078
06 LP(3) S2-05 o~ LP(3)- o™ 14.33 0.58 0.083
06 LP(3) S2-N10 o~ LP(3)- o™ 19.88 0.41 0.082
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Table 6. Mulliken charges distribution of taurolidine

S. No. Atoms Charges S. No. Atoms Charges
1 S1 0.4379 18 Hais 0.154993
2 S2 0.437884 19 Hio 0.154995
3 Os -0.22785 20 Hzo 0.196268
4 O4 -0.11353 21 H21 0.192723
5 Os -0.22785 22 Ha2 0.196268
6 Os -0.11353 23 Has 0.192723
7 N7 0.235882 24 Hz4 0.234855
8 Ns 0.235866 25 Has 0.173474
9 No -0.28325 26 Has 0.234853
10 N1o -0.28323 27 Ha7 0.173474
11 Cu -0.65609 28 Has 0.245238
12 Cu2 -0.2208 29 Hao 0.239553
13 Cis -0.22079 30 Hso 0.245237
14 Cua -0.46957 31 Ha1 0.239555
15 Cis -0.46958 32 Ha2 0.313581
16 Cie -0.78142 33 Has 0.313577
17 Cir -0.78141 - - -

Table 7. Molecular docking of Taurolidine against 3TX7 protein

Ligand Taurolidine

PDB ID 3TX7

Binding energy (Kcal/mol) -6.86

No. of hydrogen bonding 2

Amino acids Glutamic acid 505, Lysine 437

Bond length (A) 2.86, 3.09

Hydrophobic interaction Histidine 430
Glutamic acid 433
Arginine 505
Leucine 434
Isoleucine 509
Alanine 508

pathogenesis, including cancers, making it a
critical therapeutic target for drug development. In the
present study, it can be concluded that taurolidine
exhibits favorable pharmacological properties and acts
as a potent beta-catenin inhibitor. These findings will be
helpful for researchers in future experimental (in vivo and
in vitro) research on taurolidine.

4. Conclusion

The quantum chemical computational method
(DFT) was utilized to explore structural, spectroscopic,
and electronic characterization of taurolidine. The
spectroscopic wavenumbers confirm the presence of
SOz, CH2, NH, and CN functional groups. The bands
simulated at 1076 and 1072 cm-1 with a PED
contribution of 70 and 69% confirm SOz groups. In the
electronic spectrum, a strong peak was observed at 203
(gas), 202 (ethanol and water), and 201 (chloroform and

toluene) by H - L transitions. Compared with polar

solvents, the energy gap of nonpolar solvents has
increased, confirming their stability and reactivity in polar
solvents. In NBO, the stabilization of interaction between
electron-donating lone pair oxygen O6 to antibonding
S2-N10 with the stabilizing energy of 19.88 KJ/mol by
the transition of LP(3)- o* contributes to the maximum
stabilization. In Mulliken charge distribution, the carbon
atoms C17 (-0.78141e) and C16 (-0.78142e) have
increased negative potential as a result of the sulfonyl
(SO2) group in the ortho positions, and the outputs were
closely confirmed by MEP analysis. In ELF and LOL, the
hydrogens H24 (salvaged between nitrogen atoms) and
H31 (linked with the sulfonyl group) are masked with red
regions, deciphering the localized regions of electrons.
The molecular docking prediction affirms that taurolidine
exhibits significant antagonist properties against -
catenin protein with a binding affinity of -6.86 KJ/mol by
forming two and six polar and nonpolar interactions,
respectively.
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