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Abstract
A novel compound named 2-methydenzimidazolo[1,2-b][1,2,4]triazepin-4H-

one (GiH10N4O) has been synthesized and characterized by epegpic techniques (FT-
IR),UV-Vis,'H-NMR, '°*C-NMR and mass spectra. The optimized moleculancstre

analyses, vibrational wave numbelC and'H NMR chemical shifts of the title molecule
have been performed at DFT/B3LYP method with 6-3(t basis set. The electronic
absorption wavelengths computed using B3LYP, B3e86& PBEO hybrid functional. The
scaled vibrational modes, and the predictdd-NMR and *H-NMR chemical shifts are
relatively in good agreement with the correspondémgerimental ones. However, B3LYP,
B3P86 and PBEO hybrid functional fail in reprodoatiof experimentahyax of the tilted

compound and it is underestimated by the testedidhybnctionals with deviations to the
experimental values of 30, 34 and 40 nm for B3L¥B3P86 and PBEO, respectively. In
addition, molecular docking and molecular dynansgaulations of titled compound were
carried out to determine its binding modes andil#hakvithin the leucine-rich repeat kinase 2

active site.

Keywords: 1,2-diamino-H-benzimidazole, 1,2,4-triazepine, DFT calculatioMplecular

docking, Molecular dynamics



1. Introduction

New synthetic methods continue to be developed dostcuct seven-membered
heterocyclic compounds containing one, two, ordahoé the heteroatoms N, O, or S. The
focus of much of the literature has been non armnsgistems containing at least 1 N atom
and has often been driven by adesire to preparge theterocycles in a stereocontrolled
fashion, the search for new bioactives, and thehsgis of natural products. Prominent
synthetic methods include transition metal-catallyasycloaddition/annulation, cascade-type,
and C-H functionalization processes. Review agiad@ the synthesis of seven-membered
nitrogen heterocycles through the Ugimul-ticompdmeaction [1], synthetic approaches, and
biological activities of benzodiazepines [2], tselation, structure deter-mination, medicinal
properties, and total synthesis of marine naturadlqucts containing an oxepanyl ring [3], the
synthesis and medicinal importance of benzoxep#jesjethods for the synthesis of 1,2,3-,
1,2,4-, 1,2,5-, and 1,3,5-triazepines[5], and #wddation, biosynthesis, and biological activity
of natural products that contain a seven-membengdwith three or more heteroatoms [6] as
well asindole-fused azepines and analogs as angcalead molecules [7] have been

published.

All the heterocyclic compounds are of great intene@harmaceutical chemistry. Out of
these heterocyclic compounds the benzfused hetdrocpmpound, i.e. benzimidazoleandits
derivatives have wide variety of biological actieg like antimicrobial activity[8-12],
antiinflammatory-analgesic [13-15], anticancer [I6NS depressant [17], androgen receptor
antagonist [18], antitubercular [19, 20] and antvgsant [21-25]. In addition the
benzimidazole have played a very important rolthendevelopment of theory in heterocyclic
chemistry and also extensively in organic synthelige to its wide biological interest we
have performed Structural Activity Relationship ®)Astudies for the above titled compound

and we found that which is majorly active in kindamily. Based on Swiss target search we



have found leucine-rich repeat kinase 2 (LRRK2y¢amand this structure from ROC domain

from the Parkinson's disease-associated and weigals a dimericGTPase [26].

As an extension of our research efforts on thegleand synthesis of new heterocyclic
systems with potent pharmacological properties @pitriazole, benzimidazole and 1,2,4-
triazepine derivatives [27-30], we describe in nesent paper the synthesis, spectroscopic
characterizations and computational studies of fhyh&H-benzimidazolo[1,2-
b][1,2,4]triazepin-4(51)-one obtained by condensation reaction of 1,2-tianiH-

benzimidazole and ethylacetoacetate (Scheme 1).
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Scheme 1Schematic representation of synthesis of theddlapound.

2. Experimental and Theoretical Methods
2.1.9ynthesis
A mixture of 1,2-diamino-f#-benzimidazole (1 g, 6.75 mmol) and ethyl acetdktee

(4.26mL, 33.78mmol) was heated to 453 K in solvies-conditions until completion (TLC).
The solid product that precipitated was collectgdilbration, washed with ethanol.

The FT-IR spectrum of the tilted compound (Figufg #as recorded directly without
dilution in KBr pellets using JASCO FTIR-4160 speateter in the range of 4000 — 400tm
at resolution of + 2 chThe UV/vis spectrum of the tilted compound (FigB&) was
recorded on a JASCO V-670 spectrophotometer witingple monochromator for more
energy. Our spectrophotometer has the option tercaspectral range from 190 to 3200 nm.
The NMR spectra were measured on a Bruker Avanci3D@ instrument. The chemical
shifts @) of the tilted compound are expressed in ppm dbeld from TMS as an internal

reference (Figure S3 and S4). Mass spectra (Fijunsere performed on a Perkin-Elmer



SCIEX API unit 300. The samples are ionized by ithe spray technique (IS).Elemental
analysis was performed on a Euro EA - CHNSO EleaieAnalyzer. TLC and column
chromatography were carried out, respectively,ilbicasplates (Merck 60 F254) and silica gel
(Merck 60, 230-400 mesh).

Yield: 50% mp: 290-293°C IRvfax, CmiY): 3517(N-H), 3122(C-H, aromatic), 1648(C=0),
1604(C=N), 1437(C-H, C§J, 1371(C=C, aromatic). UVAfax = 292nm). 1H NMR 300 MHz,
(DMSO-d6),8(ppm): 2.28 (s, 3H, CH3), 3.55 (s, 2H, §H8.71 (s, 1H, NH). 13C NMR75
MHz, (DMSO-d6)& (ppm): & 24.94, 42.8437, 141.42, 144.08, 164.78, 168.99MHBRIE)
Calculated for @H1oN4O: [M+H"]=214.2310, Found: [M+H=214.1911. Elemental analysis
Calculated: C, 61.67%; H, 4.71%; N, 26.15%; O, %4Found: C, 61.70%; H, 4.65%; N,

26.20%; O, 7.45%.

2.2 DFT calculations

Geometry optimization of the ground state (GS)heftilted compound has been carried
out at the DFT level of theory by using the hybfishctionals B3LYP, B3P86 and PBEO
hybrid functionals combined with the double bas$ 8-31+G(d,p) as implemented in the
Gaussian 16 software package [31]. Polarizationdafiigse functions on heavy and hydrogen
atoms were added to the double basis set to ob&diar accuracy of the results. The ground
state minimum for the tilted compound was confirnigdthe frequency calculations at the
same levels of theory [31]. The calculated vibrailomodes were scaled by 0.9679 [32]. The
FT-IR and Raman spectra of the tilted compound weleulated using the hybrid functionals
B3LYP, B3P86 and PBEO hybrid functionals combinethwhe double basis set 6-31+G(d,p)
(Figures S5-S7). The predictéd and**C NMR chemical shifts were obtained within the
GIAO approach [33, 34] by calculating the isotropiemical shielding constants at the same
level of theory. The isotropic shielding constantse used to calculate the isotropic chemical

shifts, dcq, With respect to tetramethylsilane (TM&) = Prvs — Piso, Wheréiso, Piscand prvis



are the chemical shift, the absolute shielding thiedabsolute shielding of TMS, respectively.
The solvent effects were taken into account imiyidoy using the polarizable continuum
model (PCM), for which integral equation formalissrused (IEF-PCM). In the PCM model,
the substrate is embedded into a cavity surroubglealdielectric continuum characterized by

its dielectric constantfuso = 46.826) [35].

2.3 Molecular docking & dynamics studies
The chemical structure of above titled compound drasvn using chem. Draw pro 12

and further energetically minimized using conjuggtadient algorithm using impact panel
which is in-built in Schrédinger 2018-2 program.eTtarget molecule of LRRK2 (PDB ID:
2ZEJ) was found based on Swiss target search J3&.LRRK2 molecule further prepared
for using protein preparation wizard for dockingdés. The induced fit docking analysis was
performed once both small molecule and macromaotepuépared and active site residues
were picked up from the co-crystal binding site LAARK2. Once docking finished, 20
different binding poses were generated and bedirgrcomplex were taken based on binding
energy and interacting residues for further analyiSor the molecular dynamics studies, best
LRRK2 with titled compound was taken and the com@gstem was built using a periodic
boundary condition with a 10%ubic box from the centre of mass of the LRRK2 clampA
TIP3P water solvation system was used in a buffatesn with charged ions placed
isotropically to neutralise the Ewald charge sumomatof the solvated LRRK2complex
entity. The system was minimized with maximum itieras of 5000 steps with a gradient
convergence threshold of 1.0 kcal moh™.Once the system was minimized the system was
subjected to Newtonian dynamics of the model sydtemvaluate energy of the system. A
series of 2ps steps was integrated to record thelaiion. A six stage NPT ensemble default
relaxation process was carried out before perfogntive molecular dynamics simulation. In

the first stage a solute-restrained Brownian dycamof the ensemble was carried out while



keeping the energy constant using the NVT conditianthe second stage the Berendsen
thermostat was used and the N\¢€ar{onical) ensemble was allowed to relax with respect to
temperature with velocity resembling of every 1pgleed to non-hydrogen solute sample.
Subsequently, the NVT ensemble was changed to dnedBemble with a Berendsenbarostat
and the system was kept at 1 atm pressure folldweslstem equilibration of 1ns. Then the

ensemble was subjected to a 50 ns molecular dysamnic[37, 38].

3. Results and Discussion
3.1. Mass spectrum

Mass spectrometry (MS) helps identifying the amamd type of fragments present in
a sample. Mass spectrum is generally pre-sented\astical bar graph, in which each bar
represents an ion having a specific mass-to-cheatie (m/z) and the length of each bar
shows the relative abundance of that ion. Moshefions formed in a mass spectrometer have
a single charge; therefore, the m/z value is edgmido mass itself. The most intense peak is

assigned as the base peak corresponding to thelameaof 100%.

In this paper, mass spectrum of the title compowas investigated to analyze possible
ionic fragmentations and their stabilities. The emmental mass spectrum of the title
molecule is given in Figure 1. The possible fragteevere identified by their mass-to-charge

ratio (m/z).
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Fig. 1. Mass spectrum of the title compound

The structure of the title compound was also cargl on the basis of a stud

spectrometry, using as ionization mode: the eleatrimpact §cheme 2.
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Scheme 2Proposed fragmentation pathway of the title compoun
The molecular ion undergoes mainly five fragmentai

1-Loss of a ketene molecule to lead to an ion m/z1Z& corresponding to a

triazolobenzimidazolium structure. This fragmematiis characteristic of the seven-

membered compounds having a -8EE0 moiety.

2-Elimination of a carbon monoxide molecule givimggerto an ion at m/z = 186 which loses a
molecule of acetonitrile to give an ion at m/z =514 he latter undergoes a rearrangement

after loss of a molecule of hydrocyanic acid talléathe benzimidazolium ion at m/z = 118



3-Ejection of a molecule of 3-methyF2azirine after disruption of the ;AN1; and G-C,
bonds of the tricyclic system, leading to the idnndz = 159 of diazetobenzimidazolium

structure which loses a molecule of carbon monotadead to the ionatm/z = 131.

4-loss of a radical CHO, giving rise to an ion witm/z = 185 of structure
triazinobenzimidazolium which loses a molecule @étanitrile to give an ion at m/z = 144 of
structure diazetobenzimidazolium which loses a mdé d hydrogen cyanide to give the

benzimidazolium ion at m/z = 117.

5-Elimination of an isocyanic acid molecule creatirap ion at m/z = 171 of

pyrazolobenzimidazolium structure likely to be wottautomeric forms. The latter loses a
molecule of propyne to lead to an ion at m/z = &W8ilch can be in the form of two isomeric
structures: diaziridinobenzimidazolium or benzaimegum. The latter, more stable ejects a
molecule of nitrogen and a molecule of hydrogema@ to lead respectively to the ions at

m/z = 103 and m/z = 104.

It should be noted that the ion at m/z = 131 can abme from the ion at m/z = 172, after loss
of a molecule of acetonitrile. Similarly, the lossef CO, CHO and an isocyanic acid
molecule make it possible to show the presenceghénmolecule studied, of the lactam

function.

A mechanism can be proposed to explain the formadfathe benzimidazolium ion at

m/z = 118, from the ion at m/z = 14&cheme 3.
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The ion at m/z = 171 can also lose a molecule whia GHN to give the ion at m/z =

132 of 2-methyl-benzimidazolium structure. A medeanfor forming this ion is shown in

Scheme 4
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Scheme 4Mechanism for the formation of 2-methyl-benzimidam.

3.2.'H-NMR and *C-NMR spectra
The experimental and predictetd and *C NMR chemical shifts for the tilted

compound are shown in Table 1. Relatively good etations were obtained between the

predicted and experimental chemical shifts of ditteompound, with the correlation



coefficients of 99.89 and 99.1% fid-NMR and**C NMR, respectively (Figure 2). Mean
average deviations fdH NMR and**C NMR are 0.11 and 4.37 ppm, respectively. Eor
NMR, the minimal deviation is obtained for the regwction of the chemical shift of methyl
group with a deviation of 1.29 ppm, while the maaindeviation is obtained for —CH-
functional with a deviation of 12.24 ppm. Fét NMR, the minimal deviation is obtained for
the reproduction of the chemical shift of amineugr¢-NH-) with a deviation of 0.02 ppm,
while the maximal deviation is obtained for —£ldrotons with a deviation of 0.12 ppm.

Table 1. Experimental and predictetH and**C NMR chemical shifts (ppm) for the tilted

compound.

"H-NMR Predicted Experimental
(CHg, s, 3H,) 2.38 2.28
(CH,, s, 2H,) 3.43 3.55
(NH, s, 1H) 8.73 8.71
MAE 0.11

Max. Dev. 0.12

Min. Dev. 0.02

“C-NMR

(CHy) 26.23 24.94
(-CHy-) 44.65 42.84
(-CH-) 129.18 141.42
(C=N) 148.02 144.08
CHs-(C=N) 167.34 164.78
(C=0) 171.66 168.99
(CHy) 26.23 24.94
(-CHgz-) 44.65 42.84
(-CH-) 129.18 141.42
(-CH-) 148.02 144.08
MAE 4.37

Max. Dev. 12.24

Min. Dev. 1.29
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Fig. 2. Correlation curve between the predicted and exparial 13C NMR chemical shifts
of the tilted compound.

3.3. Vibration Spectrum
Some of the main experimental, calculated and dcaierations modes of the tilted

compound, and their corresponding calculated iitiessand Raman scattering activities are
given in Table 2. The calculated vibration modes secaled with a factor of 0.9613. The
reproduction of the experimental vibration modegeasels on the type of vibration mode itself
and the hybrid functional used. Mean average dewvist maximal and minimal deviations
obtained using with the tested functional are shawnTable 2. Accordingly, the best
reproduction is obtained with B3LYP with an MAE 80 cm-1. For this functional, the
lowest deviation is obtained foiC-H (CHs) with a deviation of 4 cm-1 with respect to the
observed value. All the tested hybrid functional ifathe reproduction ofC=0 with lowest
maximal deviation obtained with B3LYP of 80 ¢mAs can be seen in Table 2, the correction
of the calculated vibration is improved the reprctthn of the experimental values. For

instance, the deviation ofC-H (ar) obtained with B3LYP functional before amdter



correction are of 99 and 4 enwith respect to the experimental value. The roeemsquare
deviation (RMS) between the calculated and scaibchtiton modes and the observed ones
were determined for each tested hybrid functioab{e 2). The lowest RMS value is

obtained with B3LYP of 35 cih

Table 2. Calculated and experimental vibrational modeseftiited compound.

Calc.  Scal. T RA Exp
B3LYP
VN-H 3597 3482 72.44 127.11 3523
veH (ar) 3221 3118 5.67 168.86 3123
Ve=c 1785 1728 721.03 79.84 1770
ve=n (C=C) 1695 1640 29.65 145.03 1676
ver (CHs) 1483 1432 6.59 13.2 1429
ve=c(ar) 1394 1349 1.62 22.1 1378
MAE 30 30 - - -
Max. Dev. 137 80 - - -
Min. Dev. 23 4 - - -
RMS 35 35 - - -
B3P86
VN-H 3621 3505 78.25 125.98 3517
ven (ar) 3217 3114 11.31 170.06 3122
ve=c 1813 1755 722.61 74.64 1648
ve=n (C=C) 1715 1660 26.54 149.87 1604
ven (CHg) 1476 1429 6.98 15.35 1437
ve=c(ar) 1417 1372 10.35 10.23 1371
MAE 34 32 - - -
Max. Dev. 165 107 - - -
Min. Dev. 39 1 - - -
RMS 41 41 - - -
PBEO
VN-H 3640 3523 81.57 122.00 3517
veH (ar) 3227 3123 9.96 164.31 3122
Ve=c 1829 1770 729.9 72.22 1648
ve=n (1,2,4-triazepine) 1732 1676  27.95 152.62 1604
ver (CHs) 1476 1429 5.36 19.72 1437
ve=c(arc) 1424 1378 5.46 5.70 1371
MAE 39 36 - - -
Max. Dev. 181 122 - - -
Min. Dev. 39 1 - - -
RMS 46 46 - - -

" Raman scattering activity



3.4. Electronic absorption spectrum

The experimental and calculated maximum absorgignds of the tilted compound are
shown in Table 3. The calculated maximum absorptiands were obtained using B3LYP,
B3P86 and PBEO in gas and IEF-PCM phases. The iexgetal absorption band at 292 nm
corresponds ta —n* electronic transition. As can been seen from &&ahlthe reproduction
of amaxmay depends on the type of the hybrid functionatl the media. In gas phase, the
experimentalyax of the tilted compound is underestimated by tebtdatid functional with
deviation with respect to the experimental of 30a8d 40 nm for B3LYP, B3P86 and PBEO,
respectively. The solvent has no effect on the tjpwsiof the absorption bands (Table 3).
HoweverAuax is strongly affect in PCM. The solvent-solute iaigion induce
anhyperchromic shifti.e.,, an increase in the absorption intensity. The T Apyax IS
attributed to H-L+1 electronic transition in gas phase, and to-HElelectronic transition
(Figure 3).

Table 3. Auax (nmM), Buax (eV), electronic Transition (ET) and oscillatorestgth (f) of
maximum absorption band of the titled compound. Thkulations are performed using

B3LYP, B3P86 and PBEO hybrid functional in gas #86-PCM phases.

Calculated Experimental
Max  Ewax ET f Max  Emax

Gas

B3LYP 262 4.74 H-L+1 0.61

B3P86 258 481 HL+1 0.37

PBEO 252 492 HL+1 0.85

IEF-PCM 292 4.26
B3LYP 261 4.75 H-BL 0.66

B3P86 258 481 H-3bL 0.67

PBEO 251 493 H-LHL 0.66




HOMO-1 LUMO+1

Fig. 3. Molecular orbitals correspond kgax electronic absorption.

3.5. Molecular docking & dynamics analysis
The docking and dynamics studies reveal the infionabout the binding interaction

mechanism between titled compound and LRRK2 (Figdr& he binding energy for LRRK2

—compound complex is -25.45 kcal/mol and which shtlwe good binding affinity between
compound and LRRK2. From the Figure 4c the ligalod, povo hydrogen bonding formation

between residues GLN 1352 bonded with N atom an®& TRB68 bonded with O atom of
titted compound. Also, ASP 1372 and LYS 1374 resgdwere contact with negatively and
positively charged in titled compound binding eowniment. Mostly polar residues THR 1368,
THR 1348, THR 1349 and GLN 1352 were in contachwite titted compound molecule
binding environment and VAL 1369 is only having hyohobic contact with titled

compound. The molecular dynamics simulations warded for to understand the stability of
LRRK2- titled compound complex system during 50simaulation time The docking and

dynamics studies reveal the information about timelibg interaction mechanism between



titted compound and LRRK2 (Figure 4). The bindimgrgy for LRRK2 —compound complex
is -25.45 kcal/mol and which shows the good bindaffnity between compound and
LRRK2. From the Figure 2c the ligand plot, two hygen bonding formation between
residues GLN 1352 bonded with N atom and THR 136B8dked with O atom of titled
compound. Also, ASP 1372 and LYS 1374 residues veoemgtact with negatively and
positively charged in titled compound binding eowniment. Mostly polar residues THR 1368,
THR 1348, THR 1349 and GLN 1352 were in contachuite titted compound molecule
binding environment and VAL 1369 is only having hyohobic contact with titled
compound. The molecular dynamics simulations wardaed for to understand the stability of

LRRK2- titled compound complex system during 5Gimsulation time.

Fig. 4.(a) Best binding pose of titled compound with LKR(b) Ligand plot for LRRK2 —

titted compound complex.



As shown in the Figures 5a and 5b Root Mean SgDaxgation (RMSD), Root Mean
Square Fluctuation (RMSF) analysis will help to erstand the LRRK2 — titled compound
complex system equilibration and fluctuation thaudpe end of simulation time. In Figure 5a
RMSD result shows that LRRK2 —titled compound aseverged at greater than 3A, which
means the system has large confirmation rather gmaall or globular protein and ligand
RMSD (Lig fit Protein) was stable during the thoudghe simulation time. In Figures 5b
RMSF plot will help to understand local changedBRK2 along with protein chain and the

green color lines were titled compound binding s#&Edues of LRRK2 during the simulation.
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Fig. 5.(a) RMSD (b) RMSF plot of LRRK2 — titled compounadinaplex.

Figures 6a and 6b shows the final molecular dynsnagtput of LRRK2 — titled
compound complex. From that Figure 6a TRP 1376 ealparticipating above 50 % and

remaining residues were contributes below 50 % dpfaobic force with titled compound and



Figure 6b clearly shows that most of the residuesewn the form of hydrophobic after
molecular dynamics simulation and the overall resoincludes that the LRRK2 - titled

compound complex system was stable during the Sihmslation [39, 40].
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Conclusions

We have reported herein the synthesis of 2-metHyb8nzimidazolo[l,2-
b][1,2,4]triazepin-4(%1)-one. We have fully characterized them using FTspRctroscopies,
UV-Vis, MS and NMR {H, 3C). Subsequently, the optimized structure of théemde was
determined based on DFT calculations by the B3LY&hod using Gaussian 16 software
package. Molecular docking result concludes thatehwas good binding affinity between
LRRK2 - titled compound and molecular dynamics Itesuggest that LRRK2 — titled

compound complex system was stable during 50 nglatian time.
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w

2-methyl-3H-benzimidazolo[ 1,2-b][ 1,2,4]triazepin-4(5H)-one was synthesized and
characterized.

Molecular structure is characterized by using spectroscopic techniques.

DFT calculations at B3LY P allow a better reproduction of the experimental data.
Molecular docking and molecular dynamics analysis were carried with leucine-rich
repeat kinase 2 complex
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