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Abstract

Azepines derived molecules are of great interest because of their multi-drug like properties and thus
advantageous in biomedical field. Herein, a novel route is described for the synthesis of an azepine-based
molecule, 10,11-Dibromo-10,11-dihydro- 5H-dibenzo[b,flazepine-5-carbonyl chloride (DACC) by using
dibutyltin dilaurate (DBTDL) as catalyst. The structure of DACC was elucidated by using FT-IR, NMR,
and mass spectroscopic techniques. Several density functionals were considered for the study of the
molecular properties of the synthesized compound. The global and local reactivity descriptors were
estimated by using Conceptual Density Functional Theory (CDFT). The active sites suitable for the
nucleophilic and electrophilic attacks were selected by linking them with the Fukui indices, Parr
functions and condensed Dual Descripfof(r). Finally, the bioactivity scores for the studied molecule

were predicted through different methodologies.
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Introduction

The tricyclic heterocycles presented in Figure 1, Iminostilbene (1) and its azepine derivatives (2, 3)
are well-known anticonvulsants and CNS-active drugs widely used in the treatment of various
disorder such as acute mania, trigeminal neuralgia and epilepsy [1], as they possess important
pharmacological activities [2—4]. Thus, the synthesis of benzoazepines analogues is a continuous task
of research and development and a standout amongst the active areas in synthetic chemistry [5].

Figure 1: Iminostilbene (1) and its azepine derivatives Oxcarbazepine (2) and Carbamazepine (3).

One of the objectives of the present work is to present a novel route for the synthesis of a bromo
derivative of an azepine-based molecule, namely Carbamazepine. This derivative whose IUPAC name
is 10,11-dibromo-10,11-dihydro-5H-dibenzo[b,f] azepine-5-carbonyl chloride will be characterized
by experimental and theoretical FT-IR and UV-Vis spectra. Recently, the synthesis of 11-methoxy-
6,6a-dihydro- 5H-dibenzo[b,e]azepine and its spatial conformation has been reported, which was
compared with the X-ray crystal structure data of similar molecule and theoretically predicted its
biological activity based HOMO-LUMO energy values [6]. Moreover, as the bioactivity properties of
these kind of compounds are closely related to their chemical reactivity [7, 8], a study of these
properties will be performed by resorting to Density Functional Theory (DFT) as well as Conceptual
DFT which is a powerful tool for the prediction, analysis and interpretation of the outcome of
chemical reactions [9-12]. Further, the weak interactions within the polyarormatiéecular

systems are influences of the properties of molecule which can be determined rationally with aid of
DFT calculations in addition to HOMO-LUMO energy values, that will further reflect the bioactivity
of the molecule [13, 14]. At last, the descriptors of bioavailability and bioactivity which are called
Bioactivity Scores will be figured through various methodologies effectively depicted in recent
publications [15, 16].

Experimental Section



All chemicals were obtained from Sigma Aldrich (USA) and the solvents were of AR grade, obtained
from Merck chemical company (India). Solvents were distilled by known procedures before use.
Infrared spectra was measured using Perkin-Elmer Spectrometer version 10.03.09. The UV-Visible

absorption spectra was measured using UV1800 UV-Visible spectrophotometer (Shirhddzng.
3C-NMR spectra were recorded on Bruker 400 MHz NMR spectrometer with TMS as internal
standard. The compound was dissolved in the GDChemical shifts are expressed in parts per

million (ppm). The mass spectrum of the compound(s) was obtained by TOF-ES technique at 70 eV
using ESI/APCI-hybrid mass spectrometer (Waters, USA).

Theoretical Background and Computational Details

The molecular structure of the DACC molecule was drawn from scratch by using the MarvinSketch
17.15 program (https://www. chemaxon.com). A preoptimization was performed by selecting the

most stable conformers, a task which was accomplished by means of Molecular Mechanics techniques
with the inclusion of the various torsional angles via the general MMFF94 force field [17-21]

involving the MarvinView 17.15 program. The lowest energy conformation for each molecule was
chosen to calculate the electronic energy and the Highest Occupied Molecular Orbital (HOMO) and
the Lowest Occupied Molecular Orbital (LUMO) at the DFT functional levels mentioned in the next
paragraph. On the basis of the experience adcquired with similar calculations on melanoidins [22—28]
and peptides of marine origin [29], the computational studies were performed with Gaussian 09 [30]
using the Def2TZVP basis set for the geometry optimization and frequency determination as well as
for the calculation of the electronic properties [31, 32]. All calculations were performed in the

presence of chloroform as solvent under the Solvation Model Density (SMD) parameterization of the
Integral Equation Formalism-Polarized Continuum Model (IEF-PCM) [33]. To calculate the

molecular structure and properties of the studied systems, we have chosen several density functionals:
B3LYP [34], BLYP [35, 36], PBEO [37], PBEPBE [38, 39], CAM-B3LYP [40], M11 [41], M11L

[42], MN12L [43], MN12SX [44], N12 [45], N12SX [44], HSEH1PBE [46-52] anB97XD [53].

The SMILES notation of the studied compound was fed in the online Molinspiration software from
Molinspiration Cheminformatics (www.molinspiration.com) for the calculation of the molecular
properties (Log P, Total polar surface area, number of hydrogen bond donors and acceptors,
molecular weight, number of atoms, number of rotatable bonds, etc.) and for the prediction of the
bioactivity score for different drug targets (GPCR ligands, Kinase inhibitors, lon channel modulators,
Enzymes and Nuclear receptors). The bioactivity scores were compared with those obtained through
the use of other software like MolSoft from Molsoft L.L.C. (http://molsoft.com/mprop/) and
ChembDoodle Version 9.02 from iChemLabs L.L.C. (www.chemdoodle.com).

Results and Discussion

The synthesis of DAC(5} was achieved following the scheme displayed in Figure 2 by reacting 1H-
indole (1) (1.5 mM in 15 mL toluene) with aryl bromide (2.0 mM in 10 mL toluene) in presence of
dibutyltin dilaurate (DBTDL) as catalyst and continuously stirred and refluxed for 12 h to yield

compound 2. To the solution of compound 2 (1.2 mM in 10 mL toluene), a mixture@ff€H ;SO

sH (1:10) was added drop wise with stirring and heated to reflux for 6 h &@t@.2bhe synthesis of

compound 4 was achieved by treating compound 3 (1.5 mM in 15 mL toluene) with triphosgene (0.3
mM in 15 mL toluene) and reflux for 2.5 h under nitrogen atmosphere to afford a pale yellow solid.
Finally, the target compound 5 was synthesized by reacting compound 4 (1.25 mM) with NBS (4.45
mM) in methanol as reported previously [54]. The completion of reaction was monitored by thin layer
chromatography and spots were visualized under UV light.

Figure 2: Synthesis of 10,11-Dibromo-10,11-dihydro-5H-dibenzo[b,flazepine-5-carbonyl chloride
(5) starting from 1H-indole.

The structure of synthesized compound was characterized using FT-IR, NMR and mass spectral
techniques. The detailed spectral characterization for DACC molecule is given in the synthesis



section. The FT-IR spectrum showing characteristic band at 3299israscribed to aromatic C-H
stretching; and sharp bands, observed between 1382-1326rmiitates the presence of C-N stretch.
The presence of carbonyl stretch was confirmed by observing sharp band at I797tem

molecular structure was further confirmed By and™*C NMR spectral analysis. A singlet peak
observed at 3.86 ppm was attributed to methyl protons of y-@HHup and another singlet peak

observed at 2.48 ppm was ascribed for protons of methyl group attached directly to aromatic ring. A
triplet peak between 0.87-0.78 ppm was assigned to free methyl protons of aromatic propyl moiety.
Similarly, a sextet and a triplet observed between 1.78-1.66 and 2.72-2.69 ppm were due to two
methylene group protons under different environment in aromatic propyl group, respectively. The

aromatic protons were seen around 7.29-7.77 ppm region. In support tdEhMR spectral data
also revealed the presence of imidazole rings at 157.30 and 155.34 ppm. Further appearance of the
molecular ion peak at 305.17 (M + 1) confirmed the structure of DACC.

The molecular structure of the conformers of the DACC molecule were acquired as specified in the
Computational Details section and were optimized again by using the DFTBA subprogram accessible
in Gaussian 09 and after that optimized once more utilizing the previously mentioned density
functionals together with Def2TZVP as the basis set and the SMD model with chloroform as the
solvent. Subsequent to checking that every one of the structures were related to the minimum energy
conformations through a frequency calculation analysis, the electronic properties, in particular the
electronic energy and the energies of the HOMO and LUMO, were calculated by utilizing a similar
model at the same level of theory than that utilized for the geometry optimization.

It is standard to check if the utilized density functionals permit to obtain results distinguishing the
energy of the HOMO with the lonization potential of the neutral species, |, also the energy of the
LUMO with the Electron Affinity of a similar framework, A, on the grounds that this would make it
simpler to anticipate the Conceptual DFT descriptors of the compound reactivity. Previously, a
concurrent technique alluded to as the "KID procedure”, attributable to its correspondences with the
Koopmans’ theorem, was proposed by the some of the authors [22—-29]. As it has been clarified in the
last referenced works, KID remains for "Koopmans in DFT” and is a method to check the

confirmation of thes, (N) = -IP(N) fulfillment and in the meantime an examination betweerthe

(N) of the neutral (the LUMO) and the estimation of A for a similar system [22—-29]. . The

investigation of the outcomes got in the examination went for checking that the KID methodology

was satisfied. On doing it beforehand, some descriptors related with the outcomes that the HOMO and
LUMO computations got are connected with results got utilizing the vertical | and A followin the

SCF method. A connection exists between the three fundamental descriptors and the most

straightforward adjustment to the Koopmans’ hypothesis by connegtingth -I, ¢, with -A, and
their behavior in describing the HOMO-LUMO gapds=|¢, + E,,(N-1)- E ( N) |,

Ja=le  + Ei(N) = Eg( N+1) |, and 3,y =4/ 7 + JZ [22-29]. The results of this investigation are
exhibited in Table 1.

Table 1: Electronic energies of the neutral, positive, and negative molecular systems (in au) of the
DACC molecule; the HOMO and LUMO orbital energies (in eV); andthed,, andJ
descriptors calculated as mentioned in the text.

Density Eo E+ E- HOM | LUM
Functional O O J, J, Ju
B3LYP - - - -7.05 | -2.06 0.008 0.009 0.012
6316.4 | 6316.2| 6316.5
8 1 5
BLYP - - - -6.04 | -2.90 0.078 0.029 0.083
6316.2 | 6315.9| 6316.2




0 5 8
PBEO - - - -7.23 | -1.60 0.002 0.003 0.003
6314.8 | 6314.5| 6314.9
5 8 1
PBEPBE - - - -6.19 | -2.73 0.027 0.028 0.039
6314.5| 6314.3| 6314.6
9 4 6
CAM- - - - -8.45 | -0.53 0.037 0.030 0.048
B3LYP 6316.3 | 6316.0| 6316.3
1 3 6
M11 - - - -9.51 0.27 0.069 0.059 0.091
6315.4| 6315.1| 6315.4
4 5 8
M11L - - - -6.60 | -2.59 0.025 0.025 0.036
6316.2 | 6315.9| 6316.2
2 6 9
MN12L - - - -6.39 | -2.00 0.025 0.024 0.034
6313.5| 6313.2| 6313.5
1 5 6
MN12SX - - - -6.95 | -1.94 0.015 0.016 0.022
6314.5| 6314.3| 6314.6
8 1 3
N12 - - - -6.03 | -2.36 0.027 0.028 0.038
6319.4| 6319.1| 6319.4
4 9 9
N12SX - - N -6.79 | -1.88 0.015 0.016 0.022
6312.1| 6311.8| 6312.1
0 3 5
HSEH1PB - - - -6.85 | -2.00 0.015 0.015 0.022
E 6314.8 | 6314.6 | 6314.9
9 2 5
wB97XD % - - -8.98 0.14 0.058 0.051 0.077
6316.3 | 6316.0| 6316.3
0 3 4

An inspection of Table 1 reveals that the results forktheJ, and J,, descriptors are very close to

zero and this means that they follow the KID procedure well. It can be thought that it is not possible to
discriminate between the different density functionals to chose those which are well-behaved for the
description of the electronic properties. However, it can be also appreciated from Table 1 that the
values of the energy of the LUMO for the M11 and tfBO@XD density functionals is positive which
implies that in the realm of the Koopmans approximation their Electron Affinity A will be negative,
which is an unphysical result. Thus, both functionals may be omitted from the present study.

For the remaining density functionals it will be necessary to perform a comparison with the results of
an experimental observation, for example how well they predict the absorption spectrum and that will
accomplished next.

The experimental absorption spectrum of the DACC molecule in Ci¥Qlisplayed in Figure 3. It

can be seen that there are two prominent peaks: one is located at 270 nm and belongs to the



convolution of different excitations of similar energy; the other belongs to the HOMO-LUMO
transition at it is located at 353 nm.

Figure 3: Experimental absorption spectrum of DACC in CHCI

The usual way to predict the absorption spectrum through calculations is by performing a Time-
Dependent Density Functional Theory (TDDFT) study at the geometry of the optimized molecular
structure. The direct calculation is called Linear Response (LR) TDDFT and it usually presented in
this way in most of the studies. The other way to perform the calculations is appropriate for modeling
solvation effects on dark absorptions (excitations with relatively small oscillator strengths). For these
cases, the LR approach would not recover the solvation effects on the absorption energies. Instead, it
is necessary to perform a more complex, two-part solvation study which is called state-specific (SS)
because it refers to a calculation which focuses on modeling the properties of a specific excited state
[55]. Moreover, an approximate prediction of the maximum absorption wavelength can be made by
considering the HOMO-LUMO transition for the ground state as it has been explained in recent
publications [56-58].

The results for the calculation of the maximum absorption wavelength of the DACC molecule in the
presence of chloroform following the three methodologies presented in the previous paragraph are
shown in Table 2.

Table 2: Maximum absorption wavelength of the DACC molecule in nm calculated according to
the three methodologies explained in the text: LR (Linear Response calculation), SS (Solvent-specific
two-part calculation) and HL (based on the HOMO-LUMO transition fro the ground state)

Density Functiona] LR | SS| HL
B3LYP 290 | 310| 258
BLYP 382|426 | 419
PBEO 266 | 274| 225
PBEPBE 347 376 | 375
CAM-B3LYP 247|248 | 158
M11 238 | 237| 127
M11L 301| 328 323
MN12L 276| 298| 294
MN12SX 262| 271| 253
N12 328 | 358 | 354
N12SX 268 | 278 | 259
HSEH1PBE 271 282 263
®wB97XD 246| 246 | 136

It can be concluded from the examination of Table 2 that the PBEPBE density functional is the best
for the prediction of the maximum absorption wavelength of DACC in chloroform if a LR calculation

is considered. For the case of a SS calculation, this functional does not behave quite well and now the
best density functional is N12 which also behaves remakably well considering the approximate HL
methodology. Thus, the N12 density functional will be chosen for the calculation of the Conceptual
DFT descriptors that will give us an idea of the chemical reactivity of the molecule under study.



By considering the already mentioned KID procedure together with an approximation by finite
differences, the global reactivity descriptors related to Conceptual DFT can be expressed through

different formulas: the Electronegativityis equal to—%(l +A) :—;(GL +¢y, ) [9, 10], while the

Global Hardness is equal to{ | —=A) = (e_—¢, ) [9, 10], the Electrophilicity s related to
wi2n=(I +A)2 14(1 =A) = (e,_+e, )2 1 4(e_ —¢,) [59]. The other group of global reactivity
descriptors is constituted by the Electrodonating Paswrer

(3 +A)2 116(1 —A) =( 3, +eL)2 /1@ [60], the Electroaccepting Powes" =

(1 +3A)2 116(1 = A) = (e, +3€L)2 /167 [60] and the Net Electrophilicity

AW =af —(—a)‘) =w" +w [61]. In these expressions, ande,_  are the energies of the HOMO

and LUMO, respectively.

On the basis of the previous comments, the results for the HOMO and LUMO energies calculated
with the N12 density functional will be adequate for predicting the values of the global reactivity
descriptors and these are presented in Table 3 for the electronegatihigynical hardness global

electrophilicity o, electroacceptingg)’) and electrodonatingsy ) powers as well as the net
electrophilicity.
Table 3: Global reactivity descriptors for the DACC molecule calculated with the N12 density

functional and the Def2TZVP basis set using chloroform as the solvent according to the SMD
solvation model.

Electronegativity ) | Chemical Hardnesg) | Electrophilicity (v)
4.1923 3.6705 2.3941
Electrodonating Electroaccepting Net Electrophiligity
Power (@) Power @") (Aw)
7.1138 2.9215 10.0354

One way of complementing the results of the calculation of the global reactivity descriptors is by
considering an analysis of the molecular electrostatic potential (MEP) which is well-established
method to give the reactive properties of a wide variety of chemical systems in both electrophilic and
nucleophilic reactions. The electrophilic reactivity is related to the negative regions of the MEP which
are usually colored as red, orange or yellow. In turn, the surfaces colored in green or blue denote
positive regions that will be prone to nucleophilic attack. The representation of the MEP for the
DACC molecule considered in this study is displayed in Figure 4:

Figure 4: Molecular Electrostatic Potential of the DACC molecule showing the the negative
regions colored in yellow and the negative regions colored in blue

If we consider the previous mentioned ideas, the definitions for the local reactivity descriptors will be:
Nucleophilic Fukui Functionf * (1) = p,. (r) = oy (r) [9, 10], Electrophilic Fukui Function

f=(r) =4 (r)=py.(r) [9, 10] and Dual Descriptaaf (r) = (0 f(r)/o N)U(r) [62—67], while

the Nucleophilic Parr FunctioR "(r) will be equal too, (r) and the Electrophilic Parr Function

P*(r) will be equal top[* (r) [68, 69]. It must be remarked that,,, (r), o, (r), and oy (r)
are the electronic densities at poinfor a system withN +1, N, and N —1 electrons, respectively,
and o<’ (r) and o (r ) are related to the atomic spin density (ASD) at theom of the radical
cation or anion of a given molecule, respectively [70].



The electrophilic and nucleophilic Fukui functions of the DACC molecule are displayed in Figure 5:

Figure 5: Graphical representation of the Electrophilic Fukui funcfi()(ur) (left) and
Nucleophilic Fukui functionf * (r) (right) of the DACC molecule

In a fascinating ongoing work by Martinez-Araya [67], it has been demonstrated that while the Fukui
work is an excellent descriptor to comprehend the local reactivity of the moleculdsfthall

perform better for the prediction of the preferred sites for the electrophilic and nucleophilic attacks..
Consequently, it has been chosen to display the outcomes for the Condensed Dual DASGrgstor
computed from either Mulliken Population Analysis (M) or Natural Population Analysis (N) in

correlation with the Nucleophilic Parr Functior'Pand Electrophilic Parr FunctiorkP proposed by
Domingo et al [68, 69] considering atomic spin densities originating from the specified Mulliken
Population Analysis (M) or from the Hirshfeld Population Analysis (H).

Table 4 displays the results for the calculation of these local reactivity descriptors for the DACC
molecule in relation with the structure shown in Figure 6. It must be noted that the only results
presented here are for those atomic sites wherd fhéwhich is itself multiplied by 100) are greater
than 2. Also, the H atoms are not shown.

Figure 6: Molecular structure of DACC showing the type and numbering of the atoms

Table 4: Local reactivity descriptors for the DACC molecule calculated as mentioned in the text
where M stands for Mulliken Population Analysis, N corresponds to Natural Population Analysis and
H means Hirshfeld Population Analysis

Atom | Afc(M) | ARN) | p* (M) | P (M) | Pt (H) | Pe™ (H)
1Br | 2184 832| 01875 0.0961] 0.1913 0.0893
2 Br 10.89| 4.57| 0.1309 | 0.0962| 0.1348 0.0890
3Cl 356 -2.38| 0.0077 | 0.0124] 00112 0.0120
40 7.05| -3.67| 0.0091| 0.0539] 0.0108 0.0492
5N 19.31] -6.67| 0.0120 | 0.1481] 0.008] 0.1358
6C 16.05  1.61] 0.1165| 0.0044] 01121 0.0056
7C 7.80 017| 0.0542 | 0.0098] 0.1121 0.0067
10C | -11.64 -2.57| 00530 | 0.1256] 0.0683 0.1143
14C 642 -2.31| 0.0091 | 0.0000] 0.0478 0.0115
16C | -14.79 -4.44| 00156 | 0.1250| 0.005] 0.1067
18C 239 2.20| 0.0668 | 0.0486] 00516 0.0444
19C 352 1.86| 0.0930 | 0.0095] 0.0709 0.0536

After inspection of Table 4, it can be concluded that the sites for electrophilic attack will be N5 and to
a lesser extent C10 and C14, while the reactive places for nucleophilic attack will be located over Brl,
Br2 and C6.

While thinking about a given molecular species as a potential therapeutic medication, it is standard to
check if the considered species pursues the Lipinsky Rule of Five which is utilized to foresee whether
a compound has or not has a drug-like character [71]. The molecular properties that are related to the
drug-like character have been predicted by using MolSoft and Molinspiration software and are
presented in Table 5 where miLogP represents the octanol/water partition coefficient, TPSA is the
molecular polar surface area, natoms is the number of atoms of the molecule, nON and nOHNH are
the number of hydrogen bond acceptors and hydrogen bond donors respectively, nviol is the number



of violations of the Lipinsky Rule of Five, nrotb is the number of rotatable bonds, volume is the
molecular volume, and MW is the molecular weight of the studied system.

Table 5: Molecular properties of the DACC molecule calculated to verify the Lipinsky Rule of
Five

Molecule| miLogP | TPSA | nAtoms| nON | nOHNH | nviol | nrotb | volume| MW

DACC 5.36 20.31 20 2 0 1 0 259.34 415(51

An alternate methodology can be trailed by considering similarity seeks in the chemical space of
molecules with structures that can be contrasted with those that are being contemplated possessing
known pharmacological properties.

As has been specified in the Settings and Computational Methods section, this assignment can be
performed utilizing the online Molinspiration programming for the forecast of the bioactivity score for
various drug targets (GPCR ligands, Kinase inhibitors, lon channel modulators, Enzymes and Nuclear
receptors). The outcomes are named Bioactivity Scores and their values for the DACC are displayed
in Table 6.

Table 6: Reactivity scores of the DACC molecule calculated on the basis of GPCR Ligand, lon
Channel Modulator, Nuclear Receptor Ligand, Kinase Inhibitor, Protease Inhibitor and Enzyme
Inhibitor interactions

1174

Molecule| GPCR | lon Channel Kinase | Nuclear ReceptorProteasg Enzymé

Ligand| Modulator | Inhibitor Ligand Inhibitor| Inhibitor

DACC -0.23 -0.20 0.22 -0.24 -0.22 -0.15

The interpretation given to these bioactivity scores are that a specific molecular system is active when
the bioactivity score is greater than O, it is moderately active when the bioactivity score lies between -
5.0 and 0.0, and will be inactive is the bioactivity score is lower than -5.0. Thus, DACC was found to
be moderately bioactive towards all the enzymes considered for the study with the exception of the
Kinase Inhibition for which case the DACC molecule may be considered as active. This represents a
confirmation of the presumed bioactivity of this molecule.

Conclusions

A new and original route of synthesis of an azepin-derivative, which has been called with acronym
DACC, with potential therapeutic abilities has been presented in this paper. The structure of the new
compound has been characterized by means of diverse spectroscopic techniques.

Moreover, a study was performed on the chemical reactivity of the DACC molecules based on the
Conceptual DFT as a tool for rationalizing the interaction between different molecular systems.

The knowledge of the values of the global and local descriptors of the molecular reactivity of the
DACC molecule studied could be useful in the development of new drugs based on this compound or
some analogs.

The information of the estimations of the global and local reactivity descriptors of the DACC species
considered could be valuable in the advancement of the design of new medications based on the
structure of this and analog compounds.

At last, the molecular properties identified with the bioavailability have been anticipated utilizing
diverse procedures already portrayed in the specialized literature, and the descriptors utilized for the
evaluation of the bioactivity permitted to describe the DACC molecule as being bioactive towards the
Kinase Inhibitor considered in the study.
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Highlights
Synthesis of 10,11-Dibromo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carbonyl chloride.
HOMO-LUMO energy values are used in predicting global reactivity descriptors
The electrophilic and nucleophilic Fukui functions were determined.
Title molecule being more bioactive towards Kinase Inhibitor than with other enzymes.



