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ABSTRACT

A new Mannich base molecule of N-((bendpphiazol-2-ylthio)methyl)-N-
cyclohexylcyclohexanamine (ICF) has been synthdsasd spectroscopic characterization such as
FT-IR, FT-Raman, UV-Vis, NMR, mass and TG/DSC weneestigated. The spectroscopic
guantum chemical calculations namely simulatiorvibfational spectrum, UV-Vis, NMR have been
carried out and compared with the experimental masens. Other theoretical predictions such as
Equilibrium Geometry, chemical reactivity, moleaukalectrostatic potential, frontier molecular
orbital analysis and natural bond orbital analysiBO) have been computed and investigated using
the density functional theoretical (DFT) methodse Tomputed entities and experimental results the
consistently have good agreement with each othbe @xcited properties of ICF have been
calculated using the TDDFT calculations. The mdiecuocking studies used to simulate the

protein-ligand interactions have been analyzed ®ithrodinger software.

Keywords:Mannich base, Density functional theory, Basis Bktss, Natural bond orbital, Molecular
docking



1. Introduction

A novel and a newly synthesized Mannich base mdédeanf N-((benzofijthiazol-2-
ylthio)methyl)-N-cyclohexylcyclohexanamine (ICF), »#2sN.S, has been synthesized by
employing condensation of three reactants secondanye, formaldehyde and active hydrogen
compound. Generally, Mannich base compounds aeting potential biological agents have been
reported earlier. They play very significant apptions such as analgesic drugs [1],
vasorelaxing [2], anti-malarial [3], anti-tubercul@] and anticancer [5]. The cyclohexylamine
(CHA) can be used in the synthesis of artificialesteners (sodium or calcium cyclamate), metal
corrosion inhibitors, rubber vulcanizing additivelyestuff, plasticizers and in extracting agents fo
natural products [6]. The dicyclohexylamine is usedustrially in chemical formulations as anti-
corrosion agents (metal tools and spare parts)ydiibexylamine (DCH) is an excipient in
commercial fumagillin formulations used in veterynanedicine. Nowadays, benzothiazoles have
bicycles ring system of scientific interest forithearious pharmaceutical applications which plaglv
role for the preparation of fused heterocyclic eyst [7]. The heterocyclic thialato ligand of 2-
mercaptobenzothiazole has potential N- and S-doands synthesizes the complex prosperous in
biological activities [8]. Benzothiazole and itsrigatives widely display remarkably different
bioactivities in the field of bioorganic and medial chemistry in drug discovery and in the
agrochemicals field [9-12]. They are widely usednianufacture of rubber shoes, tyres, other related
rubber articles and rubber vulcanization accelerfit8]. They are used as stabilizer and biocide
commonly act as an inhibitor of copper corrosiorthmi re-circulating of water systems [14].
Furthermore, the benzothiazole has significantr@sieas a collector of floating and is used for
oxidizing the lead and copper minerals [15]. In tieeent years, Lee et al. [16] analyzed the
adsorption orientation of 2-mercaptobenzoxazole NIBnd 2-mercaptobenzothiazole (MBT) with
surface improved Raman scattering (SERS).

Author report, probably for the first time, the uds based on quantum chemical calculations,
FT-IR and FT-Raman spectral studies, HOMO-LUMO &HD analysis on ICF molecule and also,
for the first time it is reported that the syntlseprocedure of ICF molecule using imide, aldehyde
and secondary amine in acetonitrile medium. The m@fecule is a yellow powder sample which
has a melting point of 168C. The molecule ICF based on coarse aqueous suspamews 7.98 pH
having very less basicity level. Therefore the emntswork is mainly focused to investigate the
complete vibrational spectra of the ICF moleculd amidentify the different vibrational modes with
better accuracy as well as the spectral charaatemne of the ICF molecule by quantum chemical

method. Density functional theory (DFT) computatohave been predicted to support the
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vibrational frequencies in the FT-Raman and FT{Rctra of the ICF molecule. Due to the diverse
potential biological activity of the ICF moleculiae molecular docking of the ICF molecule has also
been reported.

2. Experimental details

2.1. Synthesis of N-((benzo[d]thiazol-2-ylthio)ny8HN-cyclohexylcyclohexanamine (ICF)

About 0.01 M of 2-mercaptobenzothiazole was disswlin minimum quantity of ethanol and
added steadily to saturated aqua solution of 0.0#lidyclohexylamine with constant stirring. In
addition to this mixture, about 0.01 M of formalgdke was added gradually with continuous
stirring. The mixture was stirred at room tempemtior 2h and the progress of the reaction has been
monitored by TLC. After 6 h, the greenish yellowlator solid product was obtained and washed
several times with ethanol and water. It was tleamystallized with acetone. About 84% of the yield
has been obtained. The melting point of the ICFetuke is 166C (Fig. 1).

2.2. Spectroscopy measurements

The FT-IR spectrum was carried out using the Pdekiner spectrophotometer with a resolution
of 2 cm* and the scanning region from 4000-450 thesides having 100 numbers of scans by
analyte the KBr pellet. The FT-Raman spectrum waained using the Bruker RFS 27: Stand-alone
FT-Raman spectrometer by Nd:YAG laser source ofelength 1064 nm with 1.0 cthresolution in
the span of 4000-50 c¢mand 100 number of scans. The NMR spectra wereumted on a Bruker
Avance spectrometer at 500 MHz fit and**C NMR. The chemical shift values)(in the NMR
spectrum were measured in parts per million (pprith womparative analysis to the reference
sample as the TMS molecule. The mass spectrumegasded using the Agilent 7890A GC system.
Vario EL Il Elementar was used to carry out theN3Fanalysis. The UV-Vis spectrum was given
by using Perkin Elmer Lambda 35 spectrometer batw2s0 to 700 nm. The TGA/DSC was
recorded in TGA-50 Shimadzu-00652 instrument ateatiig rate of 10C/min under atmospheric
nitrogen.

2.3. Theoretical calculations

Theoretical calculations, evaluated with the Khdva®'s DFT method, were subjected to the
gradient-corrected hybrid density functional B3LYikethod [17-19]. For the structure, the 6-
31G(d, p) basis set was used for a full geomettyropation using the published function which was
implemented by the Gaussian 09 package [20]. Ad produced geometries were done by
GaussView 5.0.9 [21] and/or Chemcraft 1.6 softwaaekages [22]. The vibrational modes were
assigned on the basis of PED analysis using VEDAgram [23]. It should be noted that the
Gaussian 09W package was able to calculate the iRaotivity. The Raman activities were
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transformed into Raman intensities using Raint @og24]. The'H and**C NMR chemical shifts
of the ICF molecule have been obtained from theggandependent atomic orbital (GIAO) [25,26]
approach by subtracting the shielding constanfEM$. The UV spectra were calculated using the
TD-B3LYP-FC functional with 6-31G(d, p) basis setmethanol using TD-DFT model [27,28]. The
DOS were computed by GaussSum 3.0 software [29.RIDG calculation were made by Multiwfn
[30] and VMD program [31]. The NBO calculation Haeen performed with NBO 3.1 program [32].
2.4. Raman intensities

The predicted Raman intensities lwere determined by Raman activities) (8hich were
calculated using the Gaussian 09 package. Ramansities can be described by the mathematical
formula [33,34].

(%) = Chov) V"B 'S (1)
where the B is the temperature factor which interprets theensity contribution of excited
vibrational states, denoted by the Boltzmann apjbpn.

Bi = 1—(exp—hic/KT) (2)
2.5. Docking studies

The molecular docking study was investigated bygishe diabetic proteins to find the active
binding sites and interaction properties of the ramacids with synthesized molecules. The 3D
crystal structure of protein complex (PDB formatpsvdownloaded from Protein Data Bank
(www.rcsbh.com). The protein complex and ligand werganized after pre-processing by protein
preparation wizard and ligand preparation wizar8] [Bv Maestro 9.3.5 version of Schrodinger
software.
2.6. In vivo antidiabetic assay
2.6.1. Animals and maintenance

Adult male albino Wistar rats (6 weeks), weighing01to 200 g were used for the present
antidiabetic study. The animals were housed inncfeaypropylene cages and maintained in a well-
ventilated temperature controlled animal house wittonstant 12 h light/dark schedule. The animals
were fed with standard rat pelleted diet and cléramking water was made availaldd libitum All
the animal procedures were performed after appriowal the ethical committee and in accordance
with the recommendations for the proper care aedofisaboratory animals.
2.6.2. Ethical statement

Antidiabetic procedures were carried out at Depantmof Pharmacology, KMCH College of
Pharmacy, Coimbatore, with no anti-ethical statesien

2.6.3. Induction of diabetes
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The animals were divided into five groups of sixnaals each. The animals were kept over night
fasting and the initial fasting blood glucose wagsaked from the tip of rat-tail vein. Sterptozotoci
(STZ) was dissolved in citrate buffer (pH 4.5) amdotinamide (NA) was dissolved in normal
saline. Non-insulin dependent diabetes mellitus waasiced in overnight fasted rats by a single
intraperitoneal (i.p) injection of 60 mg/kg STZ abd min after the i.p administration 120 mg/kg of
NA was induced. After 72 h, the hyperglycemia wasftmed by the elevated levels of blood
glucose. The animals with blood glucose concemnatiore than 250 mg/dL were used for the study
[36].
2.6.3.1. Study design

After the acclimation for a period of one week,\thveere divided randomly among five groups
consisting of six rats each. The following groupm@vmaintained for a total period of 28 days.
Group 1 : Animals received normal pellet feed (Caolit
Group 2 : Streptozotocin (STZ) (60 mg/kg bw) eatinamide (NA) (120 mg/kg bw)

Group 3 : STZ (60 mg/kg bw) + NA (120 mg/kg bna)s treated with Metformin (MF)
(20 mg/kg bw)

Group 4 : STZ (60 mg/kg bw) + NA (120 mg/kg bw)s@reated with ICF and TBF
(10 mg/kg bw — low dose (L.D))

Group 5 : STZ (60 mg/kg bw) + NA (120 mg/kg bwjg#éreated with ICF and TBF
(20 mg/kg bw — high dose (H.D))

The vehicle (saline), standard Metformin (MF) ahd test compounds were administered on the
respective group animals for 28 days. Throughoaistidy period, the MF and test compounds were
freshly dispersed in normal saline and distilledewvdefore the administration. The fasting animal
body, blood glucose level was estimated from tipeotail vein on T, 7", 14" 21 and 28' day.
2.6.3.2. Estimation of blood glucose

Blood samples were collected from the tip of rak-teein and the glucose levels were
estimated using a glucose oxidase-peroxidase weadirips and a glucometer (Accu-Chek,
Roche Diagnostics, USA).
2.6.3.3. Determination of body weight

The body weight of each animal in every group waditeonally noted during the investigation
duration.

2.7. Statistical analysis
All the tests of fasting blood glucose and bodyight estimations were carried out in

triplicates. The values expressed as the M8&n(n=3) were analyzed with one-way analysis of
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variance (ANOVA) and the post hoc Dunnett's teshe Tdifference between the groups were
considered to be significant0.05.
3. Result and discussion
3.1. Molecular geometry

The computed optimized parameters like bond lendtbed angles, and dihedral angles given
in Table 1 and compared with their related moleadé as given in literature [37,38]. The ICF
molecule contains the electronegatively sulfur gsowonded with the carbon;{atom of
dicyclohexylamine amine moiety. The sulfur group-8} along with the benzothiazole moiety with
termination is considered as an electron acceptmupy The ICF molecule consisting of one C=N
bond, four C-S bonds, four C—N bonds, eighteen Be1@2ls and twenty six C—H bonds is shown in
Fig. 2. The bond distance of&Cg (1.297/1.285 A) in the ICF molecule shows equintielue for
the normal value of double C=N (1.22 A) and loweart the single bond value C-N (1.47 A) as
given in the literature [39]. The bond length of-8; (1.389/1.340 A) is greater than normal value
of double C=N (1.22 A) and lower than the singledb@alue C-N (1.47 A) as given in the relevant
literature [39]. Similarly, the bond length ofiNC;3 (1.485/1.506 A) and N-C4 (1.477/1.506 A)
for dicyclohexylamine moiety are greater than ndruzdue of double C=N (1.22 A) and equivalent
value for single bond C-N (1.47 A) as given in tieéevant literature [39]. Those values have
resemblance with the 2-mercaptobenzothiazole ddeetpresence of resonance between —NH-C=S
and —N=C-SH (thione-thiol tautomerism) reportedieaf40,41]. The bond lengths ofsES for
benzothiazole moiety 1.758/1.718 A¢Gy (1.792/1.743 A) and £S;o (1.754/1.743 A) are found
intermediate compared to the single bond and dobbled character, due to the attachment of
neighbouring C=S group. In cyclohexyl ring, the G&Cbond angle varies from 110.7-111.50
the cyclohexyl ring act as a chair configuratiomeTbenzothiazole ring being essentially planar
makes a bond angle around 12@ith the dicyclohexylamine ring. The C—C bond #mg@f
benzothiazole ring with égharacter intermediate values are found betweggiesand double bonds
due to the presence of delocalization of electrghiwthe ring G-C,, Ci—Cs, C—Cs, G—Cy, Ci~GCs,
Cs—Cs such as 1.404, 1.394, 1.391, 1.401, 1.416 and51A89while those values are found
concurrence with theoretical data 1.347, 1.36680,.3.415, 1.410 and 1.367 A, respectively. In
dicyclohexylamine ring, the bond length 0§:6C,, (1.544/1.519 A), G—Cy4 (1.539/1.518 A),
C14Ci5 (1.540/1.519 A), €-Cio (1.546/1.518 A), G—Ci6 (1.537/1.525 A), @—-Ci7(1.536/1.515 A),
Ci1—Cig (1.535/1.512 A), G-Cio (1.537/1.526 A) are slightly deviated from thegiinbond properties
due to the attachment of electronegative groupgetn and oxygen atom. The C—H bond length of

benzothiazole ring varies from 1.085-1.086 A whistcompared to the observed values (0.93
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A). In benzothiazole ring, the C—H bond distances@-H,s (1.086/0.930 A), &-H,s (1.086/0.930
A), Ca—Hy; (1.085/0.930 A), 6-Hyg (1.085/0.930 A). In dicyclohexylamine ring, the KC-bond
length varies from 1.094-1.107 A which is companéth the observed values 0.970-0.980 A. In
dicyclohexylamine ring, the C—H bond values afg-8s; (1.107/0.980 A), G—Hass (1.097/0.970 A),
Ci5-Hz4 (1.095/0.970 A), G—Hss (1.099/0.970 A), G—Has (1.099/0.970 A), §—Hs; (1.099/0.970 A),
Ci—Hsg (1.096/0.970 A), G—Hio (1.098/0.970 A), G—Hs (1.098/0.970 A) and f5-Has
(1.097/0.970 A).
3.2. Potential energy surface (PES) scan

Due to the flexibility of N-((benzdfthiazol-2-ylthio)methyl)-N-cyclohexylcyclohexanane and
possible rotational isomerism, the potential enesgyface (PES) scans abou—S;o—Ci1—Hog
(scan coordinate-1 (SC-1)) andgHCi—Ni—-Ciz (scan coordinate—2 (SC-2)) were performed to
confirm the theoretical approximation for the malkx The torsion angle of g€S0-Ci1—Hzg
and Ho—Ci11—N;2-Cy3 are found as the relevant coordinate for the qomédion flexibility within the
molecule. The PES calculation has been performa@igudM3 semi-empirical method since the
ab-initio and the DFT methods are costly for 1G&imal scan with each step optimization. During
the calculation all the geometrical parameters wgareiltaneously relaxed while the-€5—Ci1—Hoo
and Ho—C;1—N;12-C,3 torsion angles were found varying in steps of 105, 20°, 30°, ... 360°.
For the SC-1 and SC-2 rotations, the maximum enssgformer has been appeared at 118.42 and
104.31 with 0.06964 Hartree energy on PES (Tahldt8)clearly mentioned in Fig. 3 with steep
down apex red region. Around four different miniraakrgy conformers has been generated, namely C
C,, G and G with 0.00007 Hartree energy difference. The canfes G, C; and G, C; have the
same energy having different stereo chemical ai@ms. Although, the SC-1 and SC-2 ef G and
C,, C, are different, the energy is same. Interestingig, ground state structure of ICF by DFT
method simply reproduces the structure gfc@nformer rather than the; Conformer with different
dihedral value.
3.3. Vibrational analysis

There are 52 atoms present in the ICF molecule wéihibit 150 normal modes of vibrations
with 52 stretching and 98 bending vibrations. Tinedlamental vibrational modes were calculated by
using B3LYP/6-31G(d, p) basis set and compared withexperimental vibrational spectra. The
entire spectral assignments with total energy itigion (TED) contributions are collected in Table
3. The experimental and theoretical FT-IR and FTaRa spectra of the ICF molecule are shown in
Figs. S1 and S2 for visual comparison. The vibratlomodes of the functional groups in ICF
molecule are described below:
3.3.1. C-S vibrations
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Generally, it is difficult to identify the C—S stohing vibrational modes for various compounds
in FT-IR spectrum. The absorption of C-S vibratlas variable intensity which depends on the
nature of the molecules which might be found witkdewange 1035—245 cinfor aliphatic as well
as aromatic [42]. The C-S group is less polar ti@ncarbonyl group, so the peak appears in the
weaker band in FT-IR. Since, the peak shows in tdnegjuencies, the less intense, coupling with
other vibrational modes are not easily identifiedhwthis vibration. Xiao-Hong et al. [43)ave
reported, the C-S stretching vibrational mode waseoved at 716—609 ¢t Similarly, the C-S
stretching vibrational mode is observed at 690%dmthe FT-IR spectrum and 691, 678, 495, 384
cmt in FT-Raman spectrum. The corresponding simulatddes for C—S stretching vibrational
mode were observed at 692, 679, 495 and 389.cm
3.3.2. C=N vibrations

Benzon et al. [44] have previously reported at 1468' for simulated and observed value at
1463 cm* in FT-IR spectrum. In ICF molecule, the C=N sthintg vibrational mode was observed
at 1470 cm' in FT-IR and at 1469 cm in FT-Raman spectrum. The simulated value was
observed at 1470 cthwith corresponding TED contribution 72%. The ims vibration of —C=N,
displayed at 630 cthin FT-IR and at 629 cm in FT-Raman was compared with the theoretical
wavenumber at 631 cihwith a TED of 31%. The normal vibrational modesadiitle molecule were
overlapping with some bending vibration and C—CSOS—H vibrations.
3.3.3. C—N vibrations

It is difficult to identify the C—N vibration dueotmixing of several modes possible in this
region. The C-N stretching vibrational mode wasttie range from 1362-1266 ch[45]. The
assignment of C—N stretching vibrations of ICF roole were observed at 1261, 1131tm FT-IR and
at 1263 cm' in FT-Raman spectrum. The correlated simulatedtap® was observed at 1263, 1132
cmi * with corresponding TED contribution of 17, 24%prestively. The in-plane vibration of —C—
N, displayed at 456 cmin FT-IR and at 235 cil in FT-Raman was compared with the
theoretical wavenumber at 466, 240 twith a TED of ~15%. The vibration is exposed tosgar
overlapping with some bending vibration and C—CS0OS—H vibrations.
3.3.4. C—C vibrations

In aromatic ring, the C=C, C-C stretching vibratrandes are usually in the region 1650-1400
cm* [46,47]. In the present study, the C—C stretchiibgation mode of benzothiazole ring fall in the
frequency region of 1588 ¢thin FT-IR spectrum and at 1560 chin FT-Raman spectrum. The
corresponding C—C stretching vibration mode of thgcal counterpart appeared at 1593, 1561'cm
with TED contribution 60, 67%. Similarly, the C—@etching vibration modes of dicyclohexylamine
appeared at 1311, 1123, 1060, 1034, 758'émFT-IR and at 1064, 1028, 986 ¢thin FT-Raman
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spectrum. The related theoretical counterpart & Stretching vibration modes of dicyclohexylamine
were observed at 1315, 1128, 1065, 1061, 1035, H®B 756 cnt. The in-plane vibrations of C—C
vibration were assigned at 1048, 443 tin FT-IR and 1042, 407 cthin FT-Raman which were
correlated value at 1050, 444, 408 Ctiheoretically with contribution of ~35%. The ougpk
vibration of C—C vibration was observed at 874 tim FT-Raman which are correlated at 877tm
theoretically with contribution of 45%. The torsieibration modes of C—C vibration appeared at
998, 834, 582, 567 crhin FT-IR and 1000, 817, 506 chin FT-Raman which were concurrent with
the theoretical counterparts at 1007, 840, 817, 582, 514 ci with the contribution of ~60%.

3.3.5. C-H vibrations

The C-H stretching vibration of aromatic ring extad the multiplicity of weak to moderate
bands, when compared with the aliphatic C—H stiatgivibration [48]. Klots and Collier [49]
have previously reported about the vibrational nsodée 3085, 3074, 3065 and 3045 trfor
benzoxazole. The C—H stretching vibrations of phemg are observed in the 3120-3000tm
Roeges [50]. In current study, the C—H stretchirigations of benzothiazole ring are observed at
3055, 2999 cit in FT-IR and at 3074, 2998 ¢frin FT-Raman spectrum. The corresponding C—H
stretching vibrations of benzothiazole ring for glated spectrum appear at 3081, 3055 and 2999
cm* with TED contributions of above 75%. Commonly, tt@ordinate investigation exhibits that
the aromatic C—H bending vibrational modes as apped with some stretching, in-plane and out-
of-plane vibration mode (Table 3).
3.3.6. CH vibrations

Generally, the C—H stretching vibrations appeathia region 2980-2900 cthin FT-IR for
aliphatic amine molecule [51]. In present study tibrational band appears at 2970, 2818%dm
FT-Raman and in FT-IR at 2959, 2924, 2817 tim due to assignment of C—H stretching vibration
for dicyclohexylamine. The related simulated wawaber is coherent to the experimental and the
reported data at 2971, 2965, 2927, 2819 ¢with greater than 75% TED) by employing the B3L§P
31G(d, p) method. The fundamental vibrations of,@wing to twisting, rocking, wagging, and
scissoring are observed in the range from 15006890 and the bands show deviation in these
wavenumbers owing to the presence of atom in naame substituent of molecule linked to
CH, group [52]. For dicyclohexylamine, the in-planentdiag vibrations are assigned at 1450, 1311,
1241 cm® in FT-IR while the related simulating frequencige found at 1456, 1315, 1244 ¢mwith
pure vibration mode of TED greater than 70% [53]e Thost vital point is that certain Ghhodes
are generally coupled with some stretching and ingndbrations (Table 3).

3.4. NMR spectral analysis
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The molecular geometry of ICF molecule is optimibgdDFT method with B3LYP/6-31G(d, p)
basis level. The chemical shifts #1 and**C NMR have been carried out with the help of gauge
invariant atomic orbital (GIAO) calculations. Theperimental and simulated chemical shifts of ICF
molecule in*H and**C chemical shifts values are noted in Table 4 aktRNspectra are exhibited in
Fig. 4. The values show good agreement with thepeed and experimenté#l and**C chemical
shifts.
3.4.1."H NMR

The 'H NMR chemical shift value of N-GHS appears at 3.36 ppm deshielded region (high
chemical shift value) indicating the presence et&bnegative atom like Sulfur and Nitrogen atom.
A multiplet peak was displayed in the deshieldeglae of 3.11-3.10 ppm with two protonssgtdnd
Hs»), which were assigned to the cyclohexane ringopotue to the attachment of electron withdrawing
group nitrogen atom. Another multiplet peak is @issed to eight equivalent aliphatic protons at 1.80—
1.78 ppm (Hs, Haa, Ha1, Haz, Has, Has, Hsi, Hsz) with eight protons of cyclohexane ring. Similarly
yet another multiplet peak was displayed at 1.%B-Jopm, which assigned to eight equivalent
aliphatic hydrogens (¥, Hss, Hsg, Hao, Has, Has, Hag, Hsg) Of cyclohexane ring. The next multiplet
peak was assigned as four equivalent aliphaticopsobf cyclohexane ring at 1.77-1.66 ppm(H
Hss, Ha7, Hag). The two set triplet peaks were presented at fHLg) and 7.27 (kH) ppm with
integral value corresponding to the two aromatiatqms having the coupling constant 6.4 and 6.6
Hz. A two set of doublet peaks were shown at 7th4,(d = 7.1 Hz) and 7.46 (i, J = 7.2 Hz) for
aromatic protons in benzothiazole ring. The caledavalues of proton chemical shifts were
summarized in Table 4.
3.4.2.°C NMR

Generally, the'*C NMR spectrum of aromatic compounds appear intypécal the region
>100 ppm [54,55]. In th&C NMR spectrum of ICF molecule, the peak at 18§38 ghigh chemical
shift value) was assigned to the {thked with electronegative sulfur atom and nigogatoms.
Similarly, the signal at 148.3 ppm was assigneda@oC, connected with electron withdrawing
nitrogen atom. The chemical shift value gfltas a higher value, which happens due to bonditig w
the electronegative nitrogen atom, appeared deddetegion at 136.9 ppm. The three aromatic
carbons were displayed at 121.0-126.4 ppm in caMldR spectrum. The signal at 121.0 ppm is
assigned as {position in benzothiazole ring. Another aromaticbcam G of benzothiazole ring is
exhibited at 126.4 ppm. The signal at 123.6 ppm asssgned as (position in benzothiazole ring.
The Gs and G4 were displayed at 64.8 ppm in the deshielded regioe to the attachment of
electronegative group nitrogen atom. The carbgna@pears at 54.4 ppm, which had high chemical

shift value (deshielded region) due to the attactimeighbouring electron withdrawing of sulfur and
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nitrogen. The chemical shifts of cyclohexane ring abserved in the range from 25.7-31.2 ppm.
The simulated and observed NMR results showed sdmeations, because the computed
calculation was done in gas phase and experimewntdl takes place in solid.

3.5. Mass spectrum

The mass spectrum of ICF molecule was obtained BME. The mass spectrum of the ICF
molecule is shown in Fig. 5a. The Fig. 4a illustsathe molecular ion peak at m/z = 399.1304
which confirms the molecular mass of the ICF moleaumith K ion (GoH2gN»S;), when compared
with the calculated mass m/z = 399.1331.The pegleaing at m/z = 400.1304 corresponds to the
protonated peak (M+1), FH29N,>S,. The'3C, N, and®**sS mainly contribute to the M+1 peak, of
which the °C is found the most significant. If the M has thenge up to 100%, the M+1
intensity/1.1% will give an approximation for thaamtity of carbon atom present in the molecule.
3.6. TG/DSC analysis

The thermal characters of the solid ICF moleculegemearried out by recording TG-DSC
curve in the temperature which varied from 0 to 860using the NETZSCH STA 449 F3 thermal
analyzer under the nitrogen atmosphere and thangeatas carried out at a rate of 20/min.
Fig. 5b indicates that the thermal decompositiofCéf molecule occuring in three consecutive steps.
The initial step in TG curve illustrated the weidgbss of 50.73% in the temperature range of 171.4—
284.0°C due to the exclusion of the methanethiol and dyein molecule groups from the title
molecule, the second step showed the weight 1045.6f.% in the temperature range of 284.0-360.0
°C due to the decomposition of the ethanamine mtdeitam the former ICF molecule, the third
step showed the mass loss of 99.13% in the temyeratnge of 360.0-516.8C due to the
liberation of GH13N (cyclohexanamine) group and the complete decoitipnsof the molecule
was finished. The nature of mass loss shows teat thvas neither volatilization nor fragmentation. A
result of TG plot shows that the ICF molecule wible up to 171.4C, when the fusion process
beginning, followed by evaporation and no phasesiteon occurs till the melting point of the
sample. The sample was defined as the unrealityystallization from solvent or impurity and the
most specific thermal steadiness of ICF up to b@gmof melting point. The smooth response of the
TGA curve behind its melting point represented tthermal liberation of ICF with the creation of
reaction products [56]. The last residual carborssmat 516.5°C indicated the last part of the
decomposition reaction is 0.87%. The second broadhermic curve was shown at 273Q@ and
after this step the weight loss in TGA plot occupedgressively. The progress weight loss illusttate
the elimination of stable cyclohexanamine fragm¢bits.
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The thermal decomposition temperature establisle@84.0°C in TGA graph, behind its

melting point, indicates the thermal stability betICF molecule. There was no mass loss around
284.0°C which represents the state at which no crys#ibn of phase transmission was possible.
The DSC peak illustrates how the sample undergoesraversible exothermic transition where
onsets of melting point and the peaks appeare®&®land 273.2C. The initial exothermic weak
peak appeared at 1682 might be the melting point of the ICF moleculbeThext exothermic peak
appeared at 273°LC happens due to the decomposition of ethanamime dé&finition of purity was
based on the postulation that the contaminatiorptesriower the melting point of a pure material.
The melting point of a pure, high degree (100%xstaline material have sharpness, but the impure
sample or defects in the crystal structure will @ndhe melting point range and lower the melting
point [58]. The material seemed to be appropriate tfansparency determination by the DSC
analysis; the material was established to be veme [§99.13%). The purity of the sample was
confirmed by the obtained DSC result, less impucityptent and also showed the acceptable results
for the melting transition of the used material @nearious methods.

3.7. UV-Visible spectral analysis

The UV-Vis spectral analysis was carried out tolaxpthe electronic transition within the
molecule. In this study, to find out the maximumvelangths, energy gap, oscillator strength and
excitation energies of the ICF molecule which walbéained from B3LYP/6-31G(d, p) method. The
observed UV-Vis spectra of the ICF molecule wereied out in chloroform as a solvent and
computational calculations were used in gas andesblphase as shown in Figs. S3 and S4. The
broad peak and the maximum intensity of the tit@etule clearly show that the charge transfer of
interaction involved in the molecule. The molecuggometry calculation shows the maximum
absorption wavelength of the ICF molecule whicheneles the electron excitation from the top
level of the occupied molecular orbital (HOMO) tavest level of unoccupied orbital (LUMO).

The experimental value and computed value of UMblsspectral results were compared in
Table 5. The predicted maximum excitation wavelerg282 nm (f = 0.0069) in gas phase and 292 nm
(f = 0.0047) were compared with the measured vatug26 nm (blue shift), it is represented as H-
1-L (98%) electronic transition. The calculated atderved values show deviation and expected
tolerance limit 34 nm. The experimental values hyod¢pend on the solvent effect. Therefore, the
ICF molecule indicates the influence of solvenbptical activity as present in the molecule. The
HOMO-LUMO electronic transformation occurs from thighest level of occupied molecular orbital
at 97 level of molecular orbital number to lowestdl of unoccupied orbital at 98 level, this occurs
due to possible electronic transition in ICF molecin ICF molecule under chloroform condition, it
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is observed that the initial peak from therh-electronic excitation due to electron transfesnir
dicyclohexylamine ring to benzothiazole ring. Tlgsevidence for the me electronic transition
involved in the dicyclohexylamine ring where n detmes the highest filled orbital while*
demonstrates the lowest unfilled level. The othes talculated values are 271, 261 with oscillator
strength of 0.3548, 0.0722 in gas phase and 274 ng6with oscillator strength 0.5154, 0.0972 in
solution phase respectively. These assignmentsspamd to the H-1 L (86%), H-2- L (6%), H-2- L
(2%), H- L+2 (2%) and H-2, L (53%), H-1- L+1 (36%), H-1- L (7%) electronic transition. There
is no peak of absorption in the entire visible oagivhich evidently tells about its applicability
towards frequency doubling process. The absorptbrmaximum of Anmax is the utility of
substitution; the more electrons pushed into thg,rshows the higher value @f,ax

3.8. Frontier molecular orbital analysis

The most important part of FMO was helpful in defqmthe chemical hardness-softness, optical
polarizability and the chemical reactivity of tharficular molecule. To define the various reaction
types, the calculating reaction positiontitonjugated systems, MO and related their propelike
energy are commonly used. The molecule having loergy gap has more polarizable property,
which was associated with high chemical reactiatyd low kinetic stability. These properties
facilitate the chemists and physicists to know akitve main role taking place in the chemical
reaction. The energy of the HOMO is related to zation potential and the LUMO is related to
electron affinity of the molecule. Nowadays, thergy of HOMO, LUMO and their energy gap resolve
the biological activity of the molecule from ICTY®0].

In presence of conjugated molecules, the highkstl fand lowest unfilled molecular orbital are
characterized by charge separation of HOMO-LUMO aagesult of the important role of
intermolecular charge transfer (ICT) from end-capgpelectron of donor groups viaconjugated
way. The strong ICT that originates on ttteonjugated bridge results as a substantial grctaie
mixing of electron donor-acceptor groups, the chatansfer band appear in the absorption
spectrum. As a result of FMO, the ED transfer framomatic part of ther-conjugated system
that act as an electron donor side to electronpdicgepart of MO. As a result of DFT calculatiotise
total number of molecular orbital consists of 41®s and 98 occupied MOs and 312 unoccupied
orbitals. The HOMO is mainly located on benzothlaztng, dicyclohexylamine ring and the LUMO
is mainly located on the same ring except sulfus),(8h, and dicyclohexylamine ring. In experimental
work, the common formula; E = ids used to calculate the energy gap value. Henedhc are constant,
A is the cut-off wavelength. By ploting the lagainst ¢hv)? to obtain an observed energy gap at
3.14 eV and compared with 4.41 eV (gas phase) a?2dl @V (solvent phase) which are shown in
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Table 6 and Fig. 6. The energy values of HOMO abidlO in DOS spectrum are used to predict
the global chemical reactivity description of tl&&-I molecule as shown in Table 7 and Fig. 7a. The
energy values of HOMO, LUMO and the energy gap-&.€9, —0.68 and 5.01 eV in gas phase and
5.72, 0.85 and 4.87 eV in solvent phase, respdgtiiéne higher ionization potential implies the
high reactivity of a molecule. The hardness andngst are used to explain the stability and
reactivity of a molecule. A large energy gap ddlirzs hard molecule and low value indicates soft
molecule [61]. In ICF molecule, the value of cheahibardness is higher than the softness, so the
title molecule becomes more kinetically stable deds reactive as shown in Table 7. The
electronegativity of a molecule is used to defihe &lectrons attraction of an atom in a covalent
bond. When two dissimilar atoms are covalently leohdthe sharing of electron will be more
strongly attracted with each other, so the eleetgativity becomes greater. The electrophilicity
index was helpful to explain the lowering of enefggsed on the maximum number of electron
transfer from HOMO to LUMO. As shown in Table 7ethCF molecule had higher value which
implied the strong electron excitation between HOl@ LUMO [62]. The electronic absorption
mainly was explained by the electron excitatiomfrthe HOMO to LUMO which increased the
stability of a molecule and decrease the ICT thakes the molecule as NLO active.
3.9. Total, partial and overlap population dengsifystates

The vital role of DOS spectrum is used to desctiiteemolecular orbital compositions and their
percentage of contribution to chemical bonduig OPDOS peaks based on the COOP diagram in
the literature. The PDOS spectrum explains thenfieag orbital composition of atoms or groups
which involve in the molecular orbital. The totpgrtial and overlapped populations in the dendity o
states, defined as TDOS, PDOS and OPDOS spectranbeagot from GaussSum software by
convoluting the molecular orbital information wi@aussian curves of unit height and full width at
half maximum (FWHM) of 0.3 eV. The DOS, OPDOS ariad% spectra are shown in Fig. 7. The
OPDOS or COOP spectrum results, by multiplying led DOS by overlapping population, are
similar of DOS spectrum. The OPDOS spectrum displing bonding, antibonding, non-bonding
interaction between two atoms groups, orbitals. Pphsitive value of COOP represented as the
interaction of atoms or groups involves in bondiopital and the negative value described as
interaction of atoms or groups involves in antidogdrbital, zero value defined as interactiontofres
or groups involves in non-bonding orbital [63]. BeAOMO and LUMO are in FMO; they play vital role
in chemical reaction of a molecule. The HOMO-LUM@eggy gap is used to determine the electron
transfer properties, so it is useful to calculde ¢lectrical conductivity property of a title molde
[64]. The OPDOS is based on the Mulliken populatiath the help of GaussSum software. As a

result of PDOS spectrum, the ICF molecule can agnfiented into four groups which are assigned
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as nitrogen, sulfur, carbon and hydrogen as showiig. 6¢. The highest contribution comes from
the nitrogen and sulfur and the least contributionsme from carbon and hydrogen. Thus, the
HOMO orbitals (H, C, S and N) are represented &o(# 83% + 0% + 1% = 100%) whereas
LUMO (H, C, O and N) are represented as (1% + 75%5% + 9% = 100%). However, the
percentage contribution of atomic or molecular talbiin the molecule is very hard to establish the
bonding and antibonding character. So, the OPD@§ram can be used as some of its orbitals of
energy data results of interaction among the ssdegtoups which are obtained from figure easily to
identify the particular group of interactions a®wh in Fig. 7b. In OPDOS spectrum, six groups
were selected such as H overlap with C, H overlap @, H overlap with N, C overlap with S, C
overlap with N and S overlap with N.
3.10. Reduced density gradient (RDG) analysis

The weak interaction in real space of a moleculseaon the electron density and their
derivatives is described by Johnson et al. [65f RDG is a dimensionless quantity coming from
the electron density with its first derivative. Thweak interaction is defined as a position having
electron density with low RDG value. The densitjueaappears on the low-gradient spikes (the plot
of RDG againsp) which is explained as the strength of interacttéa molecule. The value of sign
A2 is used to fully distinguish between bondiig<Q) and non-bonding interactioh,£0). The plot
of RDG against electron density pfvalue multiplied by the sign o, can allow displaying the
several interaction types present in the moleclile RDG results are predicted by using Multiwfn
and graphed by VMD program. The large positive @ahows strong electron repulsion like steric
effect and large negative value explains the stmoogrcovalent interaction for hydrogen bonding.
Even either small positive or negative value déssithe van der Waals interactions within a
molecule. As a result of RDG, one or more spikespesent in low-density, low-gradient place as
shown in Fig. 8a. The presence of weak interadtiah implies to generated RDG isosurfaces which
cover the related position in the real molecularcgpare shown in Fig. 8b.
3.11. NBO analysis

The results of the NBO analysis based on the secoder perturbation are summarized in
Tables S1 and S2. Ithe present study, the NBO analysis of ICF molealiews six types of
transitions such as strong+c*, n—o*, n—n*, n—n*, n—o*, n*—n*, the hyperconjugative intra-
molecular interactions produced by orbital intei@ctbetween bonding C-C, C-N, C=N, C=C, C-S
and antibondings C-S, C-C, C-N, C=N, C=C and theling of lone pair atoms like N, S, with C—
N, N=C, C-S and C=C antibonding orbitals contadthvantibonding orbitals C=N, C=C which
provide an intra-molecular electron density delazatlon and creates the stability of a system.
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As seen from Table S1, the highest stabilizatioargy value of ICF molecule for antibonding
orbital shows antibondingr (orbital) G—GCs to antibonding 7 orbital) G—C; predicted at 180.61
kcal/mol (ED = 0.47592e) which implies the strong delocalizessignate with the donor and
acceptor groups. The other similar transitions argbonding £ orbital) G—Cs to antibonding #
orbital) G—C; and antibondingn{ orbital) N—Cs to antibonding# orbital) G—GCs and the related ED
values are found as 0.47592, 0.38722e and stdmlizanergies are 153.99, 85.23 kcal/mol,
respectively.

In lone pair, the highest stabilization energy eabf ICF molecule shows LP(2)S- n*(N—
Cs), LP(2)S - n*(N7—Cg), LP(2)S - 1*(C4—Cs), LP(L)N; - 6*(Cs—S), LP(1)Ni2— 6*(S10-Cy11) and
the related EPvalues are 1.80826, 1.70798 (2 and 3 are equak)al.87934 1.83606e and
stabilization energy at 29.00, 24.67, 17.35, 17123626 kcal/mol. In bondingt orbital, the highest
stabilization energy value of ICF molecule show(€,C;) - n*(C4—GCs), n(Cs—Cs) - n*(C1—C),
1(C—G3) - 1*(C1—C) and the related EDvalues are 1.69909, 1.63254, 1.69909e and staiiiliz
energy at 21.03, 19.67, 19.58 kcal/mol. In bonduigorbital, the highest stabilization energy value
of ICF molecule shows(Cs—Ny7) - 06*(Se—Ci0), and the related EDvalue is 1.97376e with the
stabilization energy at 6.24 kcal/mol. The NBO 8@ is used to define the hybridization of a title
molecule as shown in Table S2. Table S2 showsrthitabtype i.e., bond like (single or double) and
the occupancy number of electrons range from ®O0R.Q00. The types of orbital get bonded with
lone pair of electron and antibonding orbital. Taetibonding orbital is termed as non-Lewis
structure. The ICF molecule shows some deviatian tduhe presence of electronegative atom like
sulfur and nitrogen. The results of Table S2 shiosvliond of G—N; has electron density 1.97376
with 28.99% G character in sp*™° and 70.95% N character in s° hybrid. The sp*hybrid on
carbon (G) has 28.99% of p-character and Sybrid has 70.95% on nitrogen (N) p-characters It i
efficient to identify sphas 70% p-character as referred from given liteesft6].

ICF molecule consisting of electronegative atomli$usiand nitrogen get the higher value of
polarization coefficients and also the atom conegciwvith electronegative atom (sulfur and
nitrogen) give low value of polarization coefficten The percentage compositions of a title
molecule are obtained from square of the polaopatoefficient value involving in the natural
bonding. From the NBO results, | have predictedsiliessequent bonds such asig;, Cs—S, N—GCs,
N7—S, C—Ns7, Ce=Si0, S10-Ci1, C11—Ni2, N12-Ci3 and No—-Cia. The o bond character of £Ny is
composed of 0.6417CER) + 0.7669N(sp®. The numbers 0.6417C + 0.7669N describe the
polarization coefficient. The higher value of patation coefficient indicates the higher electron
density (%) of the NBO and also the increasingédleetronegativity character of the atom [67]. The
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weights are given from the squares of the polddmatcoefficient as (0.6417)= 0.2899,
corresponding to 28.99% localization on carbon atthman analogous method, the 70.95% on
nitrogen atom is obtained. The NBO method was npotarized towards nitrogen atom, indicating
the electronegative properties of nitrogen as nateatomic charge analysis. The other bonds are
explained in Table S2 along with polarization cmé#iht and their hybridization. The theoretical
calculations were prepared by the available liteeaf68,69].

The natural hybrid orbitals with lower energies digh occupation numbers ara($io), Mm(So),
o(N7+—C), 6(C—C3), o(C1—C,) ando(C4—Cs). The corresponding energy values such as —0.24566
0.65418, —0.88404, —0.68687, —0.68038, —0.69310tlaeuconsiderable p-characters 31.38, 33.45,
61.99, 64.21, 64.71, 66.38%, the lower occupatiombers 1.98230, 1.98424, 1.98949, 1.97873,
1.98090, 1.97422 and the higher energy values latler occupation number argC,—Cs), n(C—Cs),
1(C1—Cs), m(S109) andn(N—Cg). The corresponding energies are —0.69310, -04/86824434, —
0.62975, —0.32600 and considerable p-character7999.96, 99.94, 99.92% and occupation
numbers are 1.63254, 1.69909, 1.69582, 1.808262&® Thus, a very near to pure p-type lone pair
orbital participates in the electron donation toe tm(Sy) - *(Cs—Cs), M(So) —» n*(N—Cg),
N2(S10) » T*(N7—Cg), (C1—Cg) - 1*(C—C3), 7(C1—Cs) »*(C4—GCs), n(Cr-Cs) - n*(C1—Cs), m(Cr
Ca) - (CsGCs), n(CiGC)-n*(C1—Cs), n(CiGC)-n*(CrC3), m(CsCs)-n*(N+—Cg), n(Nr—

Cg) - 1*(C4—GCs) interactions in the molecule.
3.12. Mulliken population analysis

The Mulliken population atomic charges have an mwws role in the field of DFT studies
based on quantum chemical calculation through th&ee molecular structure. The simulated
Mulliken charge for the ICF molecule by B3LYP comgx with the compositional groups such as
N-methylbenzothiazole and N-methyldicyclohexylams@mmarized in Table S3. The horizontal
bar diagram of comparative Mulliken atomic charges shown in Fig. S5. The comparison of the
Mulliken atomic charge distribution in the ICF molge and its individual N-methylbenzothiazole
moiety represent the Mulliken atomic charge disfitn as nearly equal in the aromatic ring and the
carbon G, G, C;1 having greater negative charge value; but thardergoes more opposite charge for
ICF molecule than the separated N-methylbenzotleazmlecule. The Mulliken charge analysis of
S and & in ICF molecule has greater positive value thaméthylbenzothiazole molecule. This
concludes the attachment of the N-methylbenzothgarag in the ICF molecule. Similarly, the N-
methyldicyclohexylamine ring in the ICF moleculeosls deviation of Mulliken atomic charges from
that of the individual N-methyldicyclohexylamine the carbon atoms like:gand Gy i.e., +I

indicative effect. This is due to attachment of Mthylbenzothiazole moiety in the ICF molecule.



19
The highest negative value is observed at carbg@naidm and this occurs due to the dislocation of
electron, sulfur atom. The highest positive vakiebserved at fcarbon atom. This is influence the
attachment of neighbouring nitrogen atom. Almostéhtire hydrogen atoms exhibit positive charge
and the maximum of carbon, sulfur, nitrogen atormsspss the negative charge. As a result of the
electronegative character atoms, | have recognizedatoms which can take place electrophilic
substitution at these centers.
3.13. Fukui function

The concept of generalized philicity [70] contaalmost all the information about the known
different global and local reactivity and seledfvidescriptor, in addition to the information
regarding electrophilic/nucleophilic power of a givatomic site in a molecule. Under this situation,
the reactivity descriptorf(r) provides useful information on both stabiligirand destabilizing
interactions between a nucleophile and an electimphwhich helps in identifying the
electrophilic/nucleophilic behaviour of a specifite within a molecule. It provides positive value
(positive value i.e.Af(r)>0) for site prone for nucleophilic attack aadnegative value (negative
value i.e. Af(r)<0) prone for electrophilic attack and theséuea are summarized in Table S4.

From the Fig. 9, the purple or bluish colour indésathe positive colour, i.e., the areas represent
as a function positive, while red colour indicatke negative colour, i.e., the areas represeng as
function negative. It can be seen from Fig. 9 hagitive values of Fukuicf function of the title
molecule are located at sulfur atom, which indisdkee increase of electron density in this regsan,
the molecule acts as a nucleophilic attack. Ondtier side, the negative values of Fukgi f
functions are situated at the N—&l, which implies that the electron density losses, the
molecule acts as an electrophilic attack.

3.14. Local reactivity descriptors analysis

The local reactivity descriptors of a molecule lobse the electron density are helpful to predict
the probable reactive sites of the molecule, whach a significant for designing a medicinal
compound. The softness (sfst’, st%) and electrophilicity indicesofi’, wfi", of’) were computed
for the ICF molecule using Mulliken charge analysisdetermine the possible electrophilic and
nucleophilic reactive sites of atoms with in a ncole [71].

The values of local reactivity descriptors of a emnile for selected atomic reactive sites of using
Mulliken charge distribution analyses are listedrable S5. In ICF molecule, the highest values of
the electrophilic reactivity descriptors({sox’) at G of benzothiazole ring moiety confirm that this
is the most electrophilic site. Therefore, thgi€the most active site for nucleophilic attacldan
favour the formation of new heterocyclic compoubgisan attack of nucleophilic part of the dipolar

reagent. In the same way, the maximum values ofabte nucleophilic reactivity descriptorsc(s
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ok ) at N2 of cyclohexane ring moiety indicate that thishie thost nucleophilic site. Therefore, this
site is more prone to electrophilic attack and tagahe formation of Schiff base. Theg @sition of
benzothiazole ring is proved to be free radicalchit
3.15. Molecular electrostatic potential

The molecular electrostatic potential (MEP) is fdwery useful tool to reactive sites of a
molecule related with electron density [72]. The M&urface of the ICF molecule is mapped with
colour code range from 0.3199 to —-0.3199 a.u asvshio Fig. S6. The MEP image of ICF
molecule displays two major negative potential @agiaround sulfur of benzothiazole (represented
by red colour) and around the sulfur atom of methgl group (yellow colour) and the most positive
potential located on nitrogen atom, cyclohexylanrting and all hydrogen atom (blue colour). With
the result of MEP diagram, they can infer thatkhatom implying presence of strong attraction and
sulfur implies the strong repulsion. The MEP mapfpe&tiV) surface is shown in Fig. S6b. It is used
to describe the global maxima and minima of MEPvdW surface. The contour plot of molecular
electrostatic potential of ICF molecule has beederay the DFT method as shown in Fig. S6¢. This
conforms the positive and negative potential sitta molecule according to the electron density
surface.
3.16. Molecular docking studies

The molecular docking studies were used to resohes binding reactive sites and the
interactions among the synthesized molecule (lipamad the protein. The target proteins are
downloaded from the protein data bank. The ligasicpriepared from the optimized molecular
structure of the ICF molecule. The strength ofdh&g-receptor complex was successfully made by
several features like hydrogen bond interactionan wWder Waals forcesyem stacking,
hydrophilic and hydrophobic interactions. Thesefiattions among the ligand and protein depend
upon the nature of functional groups present inlidgnd. The docking score of the ICF molecule
with diabetic proteins 1232 and 3G7V are —-5.56 a3 as presented in Table S6. In 3D and 2D
structure of docking results were clearly explaimedhe tested compound display mfrt stacking
interactions of benzothiazole ring in ICF molecwi¢h TRP 59 amino acids present in the active site
of 1232 and 3G7V as shown in Fig. 10. The resuldatking of ICF molecule shows the activity
against the diabetic as compared to the experirhesgalts.
3.17. In vivo antidiabetic activity

Organization of Streptozotocin (STZ) + Nicotinamil¢A) in animals speedily destroy the

pancreati3-cells, therefore, it provides approximately a éase of discharge of insulin indicating
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the type 2 diabetics [73] for insulin resistanaeolr current study, it is found an increase irodlo
glucose level along with diabetic animals confirntieel installation of diabetic mellitus.
3.17.1. Analysis of blood glucose level

The effect of ICF on plasma glucose was exhibitediable S7 and Fig. 11. The STZ (60 mg/kg
bw) + NA (120 mg/kg bw) fed rats showed significantrease in the level of plasma glucose.
Treatment with ICF decreased the levels of plastneoge. With the two tested doses of ICF at a
dose of 20 mg/kg show more significant decreask plasma glucose level than the low dose.
3.17.2. Analysis of body weight

Table S8 and Fig. 12 show the changes in the leoklbody weight in the control and
experimental groups. At the end of the experimepgaiod, the body weight was found significantly
decreased in diabetic rats when compared to thmalamats (control), due to excessive catabolism of
protein which provides amino acids for gluconeogenédnsulin deficiency resulted in muscle wasting
decreases the body weight. The treatment with rdifte doses of ICF (10 and 20 mg/kg bw)
significantly increased the body weight among &ddhe diabetic rats.
4. Conclusion

DFT tools may useful to calculate the feasible vasti spectrum of a reasonable drug

molecule. The novel Mannich base ICF molecule washesized by using thiazole, aldehyde, amine
and ethanol as a solvent. The synthesized molesale characterized using various spectral
techniques. The optimized molecular structure @& tGF molecule showed some deviation for
bond lengths (C-S, C-N) and bond angles (C-C-C,—6;-G-C-C) due to the presence of
benzothiazole and dicyclohexylamine moiety linkgdrbethylene derivative (-N-GHN-). Mulliken
charge in the sulfur and carbon atom might contelpositively to show the biological activity of
the ICF molecule. In UV-Vis spectrum, thgax corresponds to electron excitation from HOMO-
LUMO with 98% contribution. The DOS spectrum and ®Ddiagram are also support for
intramolecular interactions with in the moleculénelgradients of H, S and, Gcrease with the
increase of temperature owing to the enhancemevribadtion of molecule. Almost all proposed and
the synthesized ICF molecule has good docking sasréiabetic proteins 1232 and 3G7V. These
diabetic proteins can be confirmed as the most ogu@ate target protein through which the
anticipated molecules, as well as planned prepamel molecule show their diabetic activity.
Virtual screening modelling best pharmacokinetiosl &ADME properties have positive potential
bioactivity score against human receptors. The budiasite likely to undergo metabolism were also
performed. Docking results clearly shows ICF molediHydrogen bonding, and Van der Waals
interaction with ligand and target protein) to beemcouraging anti-diabetic agent and it might be

referred as potential “lead molecule” for the swsilaied of the novel anti-diabetic drug candidate.
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Additionally, these data range predicted that titlelecule has best oral bioavailability. The result
obtained from this study may be valuable, which nhey helpful to strategize out the further
synthesis, in vivo testings which could lead to #ppearance of novel inhibitors against diabetic
activity. This study is helpful to report antididizeactivity of novel ICF molecule. This synthesize
ICF molecule showed better hypoglycemic activithe$e results indicate that benzothiazole could
be served as potential antidiabetic agents in ithmdas manner as thiazole derivatives. In diabetic
activity, | have concluded that the administratminlCF dose dependently to STZ + NA induced
type 2 diabetic rats ameliorated blood glucose iamgtoved body weight. The overall quantum
chemical spectral studies, electronic structureioua interactions and thermochemical property on
antidiabetic active of ICF molecule were to extahd application in the field of medicinal and

molecular modeling.
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Tablel

Geometrical parameters [bond length (A), bond atlend dihedral angle’)] of the ICF
molecule by B3LYP/6-31G(d, p) method.

Bond Theor.  Exp. Bond angle Theor. Exp. Dihedral angle Theor. Exp.
length
C-C, 1.404  1.347(18) SC—Cs 120.9 G-C—C—C, 0.0
C—Gs 1.394 1.366(19) &CC; 120.9 120.9(14) £C-CG-GC 0.0
CGC; 1.391 1.380(3) &C-C4 119.1 122.0(13) GGG, -0.0
C+Cy 1.401  1.415(18) &CCs 119.4 119.4(10) £C~Ci—Cs -0.0
C,Cs 1416  1.410(13) SCN, 124.9 G-Co-C-C, 179.9
C,—N; 1.389 1.340(2) &C—N; 115.6 G-CC—GC 0.0
Cs—GCs 1.395 1.367(17) £C—GCs 121.4 119.6(10) &£CGCG-S -179.9
C—S% 1.758  1.718(11) SC—S 109.3 N-C,—C—Cs -179.9
N—Cg 1.297 1.285(14) £C—S 129.2 N-C-C—S 0.0
CeS 1.792 1.743(12) GGG 118.1 119.8(10) £C—N~—GC5 -179.9
CeSic 1.754  1.743(12) ECsSis 121.1 G-C,—N—Cq -0.0
S,—Cis 1.905 G-S—Cq 111.2 G-Cs—Ce—C, -0.0
C11—Ni; 1.425 N-C—S 115.8 FGC-CC, 179.9
N1-Ci3 1.485 1.506(17) N-Cs—Sic 125.2 GGC-SG -0.0
N;~Ciq 1477  1506(17)  SCeSic 118.9 G-C—S-C4 179.9
C1:—Cx 1.544 1.519(2) 5S-G 88.13 GCGCG-S 0.0
C1:Cx 1.539 1.518(2) &Si—Cu 99.68 G-C—C-Si¢ -179.8
C1Cis 1540  1.519(2) &Ci-N;; 1106 G-Co-S-Cs 0.0
C1Cis 1546  1.518(2) G-N,~Ci: 1142 $—Co-S-Cs 179.9
Ci5—Cye 1.537 1.525(2) G—N1—Cyy 115.7 N-Ce—C—Cyq 0.5
Ci1Ci7 1536  1.515(3) G-N;~C, 119.7 117.8(14) &C+CiCy, -179.4
Ci1Cis 1535  1.512(3) N-Ci—Coc  110.1 107.6(12) £S—Ci—Ni; 178.1
CieCig 1.537 1.526(2) N—Ci1-Cys 1135 109.0 2Ci—N;—Ciz 107.6
Cor—Cx 1.536 1.525(2) & Ci1z—Cxy 109.0 111.4(13) S-Ci1—Ni—Ciy -107.4
Co—Cy; 1533  1.515(3) N-Ci~Cie  111.9 107.6(12)  G-N;~Ci=Cx -63.9
CoCos 1533  1.512(3) N-Ci—Cic  114.4 111.2(11)  G-N;~Ci=Cy 173.4
Co=Cos 1539  1.526(2) G-Ci~C. 1107 111.4(13)  G-N;~Ci=Cxc 152.5 178.5(10)
C+Ci=Cie 1112 110.5(13) G-N;~Ci=Cy 29.9 -59.3(14)
C=CiC; 1117 111.6(14) G-N;~CiCic 58.9
Ci—CieCic 1115 111.8(14) G-Nyj~Ci+Cic —-68.0
C~CisCie 1115 110.4(13)  G-N;~CiCic -158.1  178.5(10)
Ci=CCy 1123 110.5(13)  G-N;~Ci~Cic 74.9 -59.3(14)
CeCi+~Cis 1112 111.3(15) N-Ci=Co—Cy 178.6 178.6(12)
Cor—Cor—Cy; 111.4 111.6(14) 5-C=CoCy -56.0
Cr-CorCp: 1105 111.3(15) N-Ci=Co—Coe 178.8 -176.3(12)
CorCor-Cpy 1122 111.8(14) &-CiCorCo: 55.6 -56.4(17)
C=CrCp: 1116 110.4(13)  N-Cis~Ci=Ci¢ 175.7 178.6(12)
G CiCis—Cye -55.3
N~Ci~Cio—Cie -177.2  -176.3(12)
GsCiCieCie  55.2 ~56.4(17)
G Ci5CieCyy 55.7 -55.6(19)
GsCieCirCie -55.0 54.7(19)
CieCiCigCac 54.7 -54.7(19)
Ci7CigCi—Cis -55.0 55.4(18)
CorCor—CorCy: -54.0 54.7(19)
CorCorCorCyy 54.4 -54.7(19)
CorCorCoCaz -56.3 55.4(18)




Table2

PES scan of ICF using PM3 method.

Conformer Coordinates Energy
SC-1 SC-2

C -61.57 -135.68 0.03713

C 238.42 -135.68 0.03720

Cs 298.42 -135.68 0.03713

C, 238.42 224.31 0.03720




Table3

Vibrational wavenumbers obtained for ICF at B3LYRBMB5(d, p) method
[harmonic frequency (cM), IR intensityKmmol™), Raman intensity (arbitrary units)].

Mode Experimental Theoretical TED=10% Mode Experimental Theoretical TED=10%
FT-IR FT-Raman B3LYP IRint Ramint FT-IR FT-Raman IB3® IRint Ramint

1 3426br 31 1560s 1561 2.22 48.09 vCC(67)

2 3109 1494 14.62 vCH(93) 32 1474 0.81 45.56 BHCH(76)

3 3102 22.43 14.62 vCH(90) 33 1470vs 1469s 1470 8.5 105.39 vCN(72)

4 3092 8.8 69.29 vCH(98) 34 1469 161.34 29.51 BHCH(76)

5 3074ms 3081 1.22  24.37 vCH(96) 35 1460 4.77 5.87 BHCH(69)

6 3055vw 3055 8.17  10.23 vCH(95) 36 1450vs 1456 14.38 4.63 BHCH(70)

7 2999vw  2998vs 2999 78.18 38.42 vCH(78) 37 1454 8.28 9.87 BHCH(68)

8 2998 17.19 56.45 vCH(76) 38 1452 0.89 5.87 BHCH(83)

9 2991 49.52 20.94 vCH(82) 39 1452 2.05 57.71 BHCH(69)

10 2990 4.27 17.2 vCH(89) 40 1450 1.72 59.21 BHCH(69)

11 2981 36.85 32.63 vCH(67) 41 1449 0.61 48.88 BHCH(70)

12 2978 45.71 52.95 vCH(78) 42 1447 16.86 100.25 BHCH(46) +vCC(26)
13 2975 30.46 41.41 vCH(75) 43 1445 0.28 44.98 BHCH(77)

14 2973 42.3 51.2 vCH(77) 44 1438 1.76 22.31 BHCH(53) +tHCSC(10)
15 2972 4454 89.29 vCH(77) 45 1428 87.16 80.52 BHCC(45) +BCCC(22)
16 2970vw 2971 65.21 109.26 vCH(86) 46 1383vs 1384 1.54 41.21 BHCH(33) +tHCNC(10)
17 2969 62.13 74.37 vCH(83) a7 1364vs 1371 1525 11.17 BHCH(26) +1CCCC(17)
18  2959vw 2965 49.22 25.83 vCH(78) 48 1351 9.78 16.25 tHCCC(15) H3HCH(10)
19 2941 33.01 56.48 vCH(86) 49 1349 5.83 25.38 THCCC(13)

20 2940 23.5 13.14 vCH(78) 50 1346 4.43 8.63 tHCCC(15)

21 2930 16.64 15.78 vCH(86) 51 1344 13.96  11.46 tTHCNC(25) +tHCCC(14)
22 2924vw 2927 23.95 20.22 vCH(80) 52 1343 2.17 14.28 BHCC(43)

23 2926 24.66 24.93 vCH(87) 53 1338 4.44 9.34 BHCC(41)

24 2924 19.25 24.84 vCH(81) 54 1330 2.43 3.95 BHCC(28)

25 2922 2258 67.32 vCH(78) 55 1330 6.6 2.34 BHCC(23)

26 2921 21.19 41.41 vCH(87) 56 1327 3.35 9.13 BHCC(40)

27 2919 26.16 50.41 vCH(77) 57 1311vw 1315 7.24 21.76 vCC(71)

28 2917 19.96 48.09 vCH(87) 58 1308w 1309 3.76 10.46 BHCH(53) +tHCSC(10)
29  2817vw  2818vs 2819 44.4  26.85 vCH(99) 59 1307 3.25 24.53 BHCC(37) +tHCCC(14)
30 1588vs 1593 1.59 34.09 vCC(60) 60 1295w 1297 1.69 24.53tHCNC(33) +tHCNC(15)

Table3 contd...



Mode Experimental Theoretical TED=10% Mode Experimental Theoretical TED=10%

FT-IR FT-Raman B3LYP IRint Ramint FT-IR FT-Raman B3LYP IRint Ramint
61 1273 76.56 22.42 tHCCC(39) +3HCH(14) 91 960 282.34 39.26 BCNC(55) +vCC(12)
62 1264 27.88 39.08 BHSC(17) +vNC(12) 92 950 0.01 0.91 tHCCC(76) +1CCCC(12)
63 1261vw 1263s 1263 4.29 90.15 PBHCC(46) +vNC(17) 93 950 1.49 3.4 tHCCC(70) +ySCCC(10)
64 1258 19.33 109.28 BHCC(28) +vCN(15) 94 908 6.85 4.19 vCC(39)
65 1253 3.42 46.02 BHCC(43) 95 901 0.83 15.76 tTHCSC(29) +tHCCC(18) +
BHCS(10) +vNC(10)
66 1249 144 14.18 BHCC(23) 96 895 11.8 4.82 vCC(27)
67 1248 286 16.57 BHCC(26) 97 882 7.79 3.18 vCC(56)
68 1241ms 1244 374 87.34 BHCC(39) 98 878 0.25 5.92 tHCCC(14) +1CCCC(10) +
vCC(10
69 1230 14.06 21.35 PBHCC(29) +tHCCC(11) 99 874vw 877 11.45 14.86 yCCCC(45)( +v)CC(10)
70 1228 19.91 115.06 vCC(29) +pHCC(26) + 100 871 5.38 6.34 vCC(63)
vCC(13
71 1195 72.35 87.22 BHCé(4(%) 101 860 11.05 26.74 yHCCC(54) +ySCCC(30)
72 1154s 1168 1.06 4.21 BHCC(23) 102 842 1.96 100.29 BHCS(25) +vNC(21)
73 1148 12.79 38.61 BHCC(58) 103 834w 840 0.45 25.96 THCCC(77)
74 1148 61.18 51.68 PBHCC(15) +tHCCC(10) 104 829 491 26.11 vCC(44)
75 1131vw 1132 0.98 8.83 vCN(24) 105 817w 817 0.25 103.67 TtHCCC(77)
76 1123s 1121vw 1123 90.63 38.67 PBHCC(43) +vCC(17) 106 775 0.21 20.72 TtHCCC(29)
77 1111 5.27 109.97 PBHCC(48) +vCC(28) 107 771 1.11 18.75 vCC(15)
78 1085 69 31.28 vCN(34) +BHCS(12) 108 767 1.05 19.85 tHCCC(10)
78 1064vw 1065 6.13 6.72 vCC(51) 109  756vs 762 1.58 78.28 vCC(12)
80 1064 10.6 9.19 1tCCCC(65) iNCS(11) 110 745 40.24 9.1 THCCC(79)
81 1060vw 1061 0.81 0.87 vCC(61) 111 708ms 706w 714 737.95 20.83ySCCC(49) +tHCCC(29)
82 1055 0.29 8.49 BHCC(35) +tHCCC(18) + 112 691ms 690vw 692 6.52 64.97 vSC(25) +BCCN(19)
THCNC(13
83 1048s 1042w 1050 21.22 36.93 [SCCC((64)) 113 678vw 679 74.22 105.79 vSC(24) HNCS(18) +
CCN(14
84 1034vw 1035 6.61 41.1 vCC(26) 114 630s 629w 631 5.04 15.72 ECCN%Slg
85 1028vw 1028 222 40.68 vCC(26) 115 606 1.04 14.94 vCC(34) +BCCN(41)
86 1014 0.22 69.58 vCC(45) +pHCS(12) 116 582s 582 14.92 88.48 THCCC(65)
87 1012 3.37 61.16 vCC(56) +BHCC(24) 117 567w 578 0.01 4.41 tCCCC(66)
88 998vs 1000vw 1007 5.25 50.54 tHCCC(14) +vCC(17) + 118 518 30.19 80.67 BCCC(21)
CCC(10
89 986vw 994 7.7 89.35 BvCC(éO)) 119 506w 514 0.06 1.49 1CCCC(65) +tCCNC(15)
90 981 1.98 5.85 BCCC(13) 120 495vw 495 0.03 28.1 PBCCC(46) +vSC(16) +
BSCC(11)

Table3 contd...



Mode Experimental Theoretical TED=10% Mode Experimental Theoretical TED=10%
FT-IR FT-Raman B3LYP IRint Ramint FT-IR FT-Raman B3 IRint Ramint
121 488 0.26  80.67 BCCC(34) 136 235w 240 0.91 9.01 BCNC(18)
122 456s 466 6.09 33.09 BCCC(28) +BCNC(13) 137 228 0.31 17.32 CCCC(17) 44CNC(10)
123 443vw 444 16.18 35.64 BCCC(30) 138 222 0.03 8.66 tCCCC(19)
124 437 2.01 9.58 BCCC(29) 139 199 0.13 13.66 yCCCN(63) +tCNCC(14)
125 431 1.74 4114 BCCC(39) 140 185 0.93 52.62 TCCNC(57)
126 423 2.77 1.26 tCCCC(61) +tHCCC(17) 141 157 6.79 61.95 vSC(19) +BCNC(16) +
yCCCN(10)
127 407w 408 15.22 811 BCCC(12) 142 141 0.9 53.05 TCCCN(33)
128 384vw 389 0.42 66.67 BSCC(34) +vSC(14) 143 111 0.01 75.06 yCCCN(63)
129 369 2.43 15.14 BCNC(16) +pSCC(14) + 144 90 0.8 42.72 1CNCC(40) +pCSC(28)
vSC(14
130 355 6.69 41.58 BCNé(l:I).) 145 76ms 81 0.44  50.06 tCCCN(15) +3CCN(14) +
TCNCS(11) 8CNC(11)
131 332 2.64 59.48 BCNC(11) 146 66 1.34 5296 TCNCS(61)
132 310vw 311 0.77  19.81 tHCCC(14) +CNC(14) 147 56 0.07 29.07 TCNCC(59)
133 304 262 19.46 vCN(33) 148 37 0.72 102.9 TCNCC(14)
134 287 0.01 62.01 TCNCS(73) 149 31 0.12 109.76tCNCC(47) +tCCCC(15) +
BNCS(11)
135 259 0.09 71.08 BCNC(16) +BSCC(12) + 150 21 0.11 11.98 TCSCN(81)
vNC(11)
151 10 0.02 98.74 TCNSC(80)

IRt — IR intensity; Ram,— Raman intensity; br — broad; w — weak; vw — weBak; s — strong; vs — very strong; m — medium:-meedium strong;

v — stretchingp — in—plane bending; — out—of—plane bending— torsion.



Table4
Experimental and theoreticii and**C NMR chemical shifts (ppm) of the ICF molecule.

H NMR ¥C NMR
Atom 5cal 6exp Atom 6cal 6exp
Gas Solvent CEDOH Gas Solvent CiOH
Hys 7.21 7.58 7.16 (§ = 6.4 Hz, ArH) G 108.6 109.5 123.6
Hog 7.33 7.68 7.27 (1 = 6.6 Hz, ArH) G 110.6 111.4 126.4
Hy; 7.67 7.94 7.57 (d1=7.1 Hz, ArH) G 106.8 107.0 121.0
Hog 7.71 8.01 7.46 (d1=7.2 Hz, ArH) G 137.3 136.4 148.3
Hao 5.74 5.02 3.36 (s, 2H) 5C 129.7 127.1 136.9
Hso 5.06 5.63 3.36 (s, 2H) 6C 106.1 107.0 122.8
Hap 3.21 3.12 3.11-3.10 (m, 2H) gC 159.3 162.6 188.3
Ha, 3.19 3.13 3.11-3.10 (m, 2H) £ 70.0 60.0 54.4
Has 1.97 1.85 1.80-1.78 (m, 8H) L 57.6 52.0 64.8
Haa 207 1.85 1.80-1.78 (m, 8H) & 52.9 47.3 64.8
Hss 2.01 1.88 1.90-1.88(m, 8H) £ 30.0 25.2 31.2
Hsg 1.58 1.56 1.90-1.88 (m, 8H) W 243 19.1 25.7
Hs; 1.41 1.35 1.90-1.88 (m, 8H) L 231 18.0 26.3
Hsg 1.70 1.63 1.77-1.66 (m, 4H) L 228 17.7 25.7
Hsg 1.89 1.79 1.90-1.88 (m, 8H) £ 23.9 19.3 31.2
Hao 1.49 1.47 1.90-1.88 (m, 8H) - 316 26.8 31.2
Hs1 1.69 1.62 1.80-1.78 (m, 8H) »C 222 17.3 25.7
Ha, 1.82 1.79 1.80-1.78 (m, 8H) AL 23.0 17.9 26.3
Has 1.37 1.22 1.80-1.78 (m, 8H) 4 23.2 18.1 25.7
Haa 2.61 2.42 1.80-1.78 (m, 8H) AL 281 23.1 31.2
Hys 1.93 1.82 1.90-1.88 (m, 8H)
Has 1.58 1.53 1.90-1.88 (m, 8H)
Haz 1.45 1.40 1.77-1.66 (m, 4H)
Hag 1.75 1.67 1.90-1.88 (m, 8H)
Hso 1.59 1.53 1.90-1.88 (m, 8H)
Hsq 1.39 1.33 1.80-1.78 (m, 8H)

Hs, 2.11 2.08 1.80-1.78 (m, 8H)




Table5

Experimental and calculated absorption wavelenytmin), energies and oscillator strength (f) of I@fng the TD-DFT method at

B3LYP/6-31G(d, p) method.

Excitation Cl expansion Cal. Gas f Excitation Cl expansion Cal. f Exp. Assign. In solvent

coefficient phase coefficient DMSO ®Major contribution
(=210%)

Excited state 1

96-98 0.4498 282 0.006997-,98 0.7012 292 0.0047326 n-m* H-L(98%)

97-98 0.5377

Excited state 2

95-.98 0.2385 271 0.354895-,98 —-0.1685 275 0.5154 n-n* H-1-L (86%)

95-.99 0.1293 95-.99 —0.1685 H-2- L (6%)

96-98 0.4823 96- 98 0.6558 H-2- L (2%)

97-98 —-0.3928 97-100 0.1107 H- L+2 (2%)

97-99 0.1032

Excited state 3

95-.98 0.3589 261 0.072295-,98 0.5124 261 0.0972 n-n* H-2-5L (53%)

96-99 —-0.1574 96-99 0.1877 H-1- L+1 (36%)

96-99 —-0.2308 96-99 0.4247 H-1-L (7%)

96100 -0.2649

97-98 0.1300

97-99 0.2537

97-100 0.3568

#H — HOMO; L — LUMO.



Table6
Experimental and simulated energy gap of ICF madéecu

Experimental B3LYP-31G(d, p)

Solvent phase Solvent phase Gas phase

Amax Energy Acal Energy Energy Acal Energy Energy

(nm) gap (V)  (nm) gap (eV) (cn) (nm) gap (eV) (cn)

326 3.14 282 4.40 35511.22 292 4.24 34210.24
271 4.58 36932.38 274 4.52 36433.12

261 4.6 38379.35 261 4.74 38259.17




Table7
HOMO, LUMO, energy gap, global electronegativitiglzal hardness and softness, global
electrophilicity index and dipole moment of the 1@Blecule.

Parameters B3LYP/6-31G(d, p) (eV)
Gas phase Solvent phase (DMSO)
HOMO -5.69 -5.72
LOMO —-0.68 -0.85
AEnomo —AEumo gap  —5.01 —4.87
lonization potential (1) 5.69 5.72
Electron affinity (A) 0.68 0.85
Chemical potential () -3.19 -3.28
Chemical hardness)) 2.51 2.44
Electronegativity x) 3.19 3.28
Softnessd) 0.40 0.41
Electrophilicity index ¢) 12.77 13.13

Dipole moment (Debye) 2.1974 2.4979
SCF Energy (Hartrees) 2352.3792352.3791
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N-((Benzo[d]thiazol-2-ylthio)methyl)-
N-cyclohexylcyclohexanamine

Fig. 1. Synthesisof N-((benzo[d]thiazol-2-ylthio)methyl)-N-cyclohexyl cycl ohexanamine (ICF).
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Fig. 10. Thebinding site of ICF moleculewith 1232 and 3G7V protein of a,c) 3D and b,d) 2D Sructure,
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Fig. 11. Effect of ICF molecule on fasting blood glucose level in diabetic rats.
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Fig. 12. Effect of ICF molecule on fasting body weight in diabetic rats.



Fig. 2. Optimized geometry of ICF molecule.
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Fig. 3. The PES scan, conformers and energy profile of ICF using PM3 method.
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Fig. 4. a) *H and b) *C NMR spectra of ICF molecule.
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Fig. 5. a) Mass spectrum and b) TG/DSC curves of ICF molecule.
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Fig. 8. @ Thereduced density gradient and b) coloured surface of ICF molecule.



Fig. 9. Fukui function: a) fand b) f of ICF molecule.



Resear ch Highlights

Molecular structure, spectra (UV-Vis, vibrational, NMR, HRMS) and electronic
structure of new Mannich base has been investigated and compared by
experimental results with DFT Computing.

Significant molecular docking score has been observed against diabetic protein
1732 and 3G7V.

Anti-diabetic evaluation performed using in vivo, effect of blood glucose level

and body weight was examined. Significant in vivo were results observed.
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