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a b s t r a c t

Condensation reaction of 5-bromo-1H-indole-3-carbaldehyde and 1,3-dimethylpyrimidine-
2,4,6(1H,3H,5H)-trione in ethanol under reflux conditions furnished the formation of 5-((5-bromo-1H-
indol-3-yl)methylene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione indole in a very good yield. The
desired compound is characterized by spectroscopic and thermal tools, additionally the structure was
confirmed by X-ray single crystal diffraction. Visually analysis of desired crystal structure using Hirshfeld
surface revealed several short intermolecular connections on the molecule surface while the 2D finger-
print draw evaluated the atom-to-atom interactions percentages.

The structures of the monomer and the dimer of the product that are obtained from the B3LYP/6-
31G(d,p) molecular geometry optimizations were compared with the XRD experimental one. Elec-
tronic spectra are assigned on the basis of the TD-DFT results and the molecular orbital (MO) energy level
diagrams showing the different MOs included in these transitions are explored. The electrophilic and
nucleophilic regions are shown using molecular electrostatic potential map. The GIAO method is used to
compute and compare the NMR chemical shifts. The desired organic compound revealed a good thermal
stability up to 215 �C.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Derivatives of barbituric acid are important members of the
pyrimidine family, many barbituric acid derivatives are known to
possess a wide range of activities, such as hypnotics [1e3].

Indole derivatives constitute an important class of therapeutic
agents in medicinal chemistry including anticancer [4], antioxidant
Barakat), warad@najah.edu
[5], anti-rheumatoidal and anti-HIV [6,7] and also play a vital role in
the immune system [8,9]. Many indole derivatives are considered
as the most potent scavenger of free radicals [5]. Artificial receptors
for biologically active molecules have attracted attention from the
viewpoint of molecular recognition [10]. It was envisaged that the
two pharmacophores if linked together (Scheme 1) would generate
novel molecular templates, which are likely to exhibit interesting
biological properties in animal models.

Combination of the Indoles, and barbituric acids leads to bio-
logical significance including anti-inflammatory, anti-hypnotic,
anticancer, anti-convulsant agents and other application as agro-
chemicals [11e18].

Owing to the importance and in continuation of our work on
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Table 1
The crystal experimental data.

Empirical formula C15H12BrN3O3

CCDC No. 1489664
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synthesis of biologically active compounds [19e21], we focused on
the investigation of the chemical structure of 5-((5-bromo-1H-
indol-3-yl)methylene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-
trione.
Formula weight 362.18
Temperature 100 K
Crystal system Triclinic
Space group P-1
Unit cell dimensions a ¼ 7.9162 (5) Å a ¼ 100.486 (2)� .

b ¼ 11.4676 (7) Å b ¼ 96.305 (2)� .
c ¼ 15.3524 (8) Å g ¼ 90.753 (3)� .

Volume 1361.34 (14) Å3
Z 4
sin q/l max 0.671 (Å�1)
Crystal size 0.32 � 0.28 � 0.06 mm3

No. of measured, independent 35536, 6903, 5273
2. Experimental

2.1. General remarks

X-ray crystal structure analysis collected on a Bruker APEX-II D8
Venture area diffractometer. The NMR spectra were run in
deuterated dimethyl sulfoxide (DMSO-d6) using Jeol-400 NMR
spectrometer.
and observed (i) reflections
Reflections collected 6903
R(int) 0.099
Absorption correction multi-scan SADABS Bruker 2014
Restraints/parameters 1/401
R[F2 > 2s(F2)], wR(F2), S 0.057, 0.138, 1.07
Drmax, Drmin 1.66, �1.01 e.Å-3
2.1.1. Synthesis of the desired compound: 5-((5-Bromo-1H-indol-3-
yl)methylene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione

The completeness of condensation reaction was monitored by
TLC. A mixture of 5-bromo-1H-indole-3-carbaldehyde (1 mmol)
and 1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione in 10 mL of
EtOH in presence of pipridine (0.5 mmol) was stirred for 1 h under
reflux., the product was filtrated, washed with 2 mL of cold EtOH
and dried to give the desired compound. Further crystallization by
slow diffusion of a solution in DCM/EtOH in Et2O to provide a single
crystal suitable for X-ray diffraction analysis.

(Yield 86%); m.p. > 250 �C; 1H NMR (400MHz, DMSO-d6) d: 3.46
(s, 6H, 2*CH3), 3.08 (s, 3H, ANCH3), 7.46 (d, 1H, J ¼ 1.5, Indole), 7.55
(d, 1H, J ¼ 1.5, Indole), 8.01 (s, 1H, Indole), 8.69 (s, 1H, Indole), 9.50
(s,1H,CH]C),12.86 (bs,1H, J¼ 1.5, NH); 13C NMR (100MHz, DMSO-
d6) d: 151.03, 149.35, 138.29, 134.61, 129.77, 125.34, 122.88, 120.38,
115.69, 110.02, 104.31, 102.22, 101.00, 22.38, 21.09; IR (KBr, cm_1)
nmax ¼ 3225, 1688, 1675, 1550, 1445, 1265; [Anal. Calcd.-
forC15H12BrN3O3: C, 49.74; H, 3.34; Br, 22.06; N, 11.60; Found: C,
49.75; H, 3.34; Br, 22.05; N, 11.63]; LC/MS (ESI, m/z): [Mþ], found
362.28, C15H12BrN3O3 for 362.18.
2.2. Computational details

All calculations were made by Gaussian 03 software [22]. B3LYP
method and 6-31G(d,p) basis set were used. X-ray structure co-
ordinates were taken as starting point for calculations. No sym-
metry restrictions were applied. The optimized structures were
taken as input for frequency calculations and for doing calculations
in presence of solvent (CHCl3 and DMSO) using polarized contin-
uum model (PCM). No imaginary vibrations were detected so real
energy minimum were obtained in all systems. Chemcraft [23]
software is used to visualize the optimized structures. Gauss-
View 4.1 [24] software was used to draw the frontier molecular
orbitals (FMO) as well as the molecular electrostatic potential map
(MEP). GIAO and TD-DFT methods were used to compute the NMR
chemical shifts and the electronic spectra of the desired compound,
respectively. CRYSTAL EXPLORER 3.1 programwas used to perform
the Hirshfeld surfaces theoretical analysis [25].
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Scheme 1. Synthesis of 5-((5-Bromo-1H-indol-3-yl)methy
3. Results and discussion

3.1. Chemistry

The 5-((5-Bromo-1H-indol-3-yl)methylene)-1,3-dimethyl
pyrimidine-2,4,6(1H,3H,5H)-trione was synthesized as shown in
Scheme 1. The reaction proceed smoothly when mixing of equi-
molar amount of substituted aldehyde and barbituric acid in
EtOH under reflux in the presence of catalytic amount pipridine.
The molecular structure of the later products was investigated by
using different spectroscopic techniques such as 1H, 13C NMR, IR,
TG/DTG, GCMS and X-ray single crystal technique.

3.2. X-ray crystal structure

A crystalline material was growing in a mixture of DCM/EtOH/
Et2O at rt for 24 h. The molecular structure was solved by SHELXS-
97 [26,27]. The crystal experimental data and selected geometric
parameters of the desired compound are listed in Tables 1 and 2
respectively.

The unit cell of the 5-((5-Bromo-1H-indol-3-yl)methylene)-1,3-
dimethylpyrimidine-2,4,6(1H,3H,5H)-trione contains two inde-
pendent molecules. The chemical structure is indole ring (C1eC8/
N1); and pyrimidine ring (C10/C11/N2/C13/N3/C15); which are
bound together through the exo-double bond C9¼C10 with bond
lengths 1.369 (6) Å and 1.366 (5) Å in both molecules. The indole
rings in the crystal structure make small dihedral angles 5.65� and
5.19� in both molecules which make the whole molecule nearly flat
(Fig. 1).

The molecules are packed in the crystal structure with three
classical hydrogen bonds between NeH/O and two non-classical
hydrogen interactions between CeH/O (Fig. 2, Table 3).
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lene)-1,3-dimethylpyrimidine-2,4,6(1H,3H,5H)-trione.



Table 2
Geometric parameters (bond length (Å) and Angles (�)).

Bond length Å Bond length Å

Br1AeC4A 1.909 (5) N2AeC11A 1.379 (5)
Br1BeC4B 1.913 (5) N3AeC14A 1.469 (6)
O1AeC11A 1.233 (5) N3AeC15A 1.394 (5)
O2AeC13A 1.218 (6) N3AeC13A 1.385 (5)
O3AeC15A 1.237 (5) N1BeC1B 1.398 (5)
O1BeC11B 1.226 (5) N1BeC8B 1.330 (6)
O2BeC13B 1.209 (6) N2BeC13B 1.380 (5)
O3BeC15B 1.221 (5) N2BeC11B 1.388 (6)
N1AeC1A 1.387 (5) N2BeC12B 1.468 (5)
N1AeC8A 1.351 (5) N3BeC13B 1.413 (5)
N2AeC13A 1.389 (6) N3BeC15B 1.379 (6)
N2AeC12A 1.464 (5) N3BeC14B 1.484 (6)

Angle (�) Angle (�)

C1AeN1AeC8A 110.1 (3) O1AeC11AeN2A 119.0 (4)
C11AeN2AeC12A 118.0 (3) N2AeC13AeN3A 117.1 (4)
C11AeN2AeC13A 124.1 (3) O2AeC13AeN2A 121.7 (4)
C12AeN2AeC13A 117.9 (3) O2AeC13AeN3A 121.3 (4)
C13AeN3AeC14A 115.3 (3) N3AeC15AeC10A 116.4 (4)
C13AeN3AeC15A 124.9 (3) O3AeC15AeC10A 124.1 (3)
C14AeN3AeC15A 119.6 (3) O3AeC15AeN3A 119.5 (4)
C1BeN1BeC8B 111.2 (3) N1BeC1BeC6B 130.3 (4)
C12BeN2BeC13B 117.8 (4) N1BeC1BeC2B 106.1 (3)
C11BeN2BeC12B 116.9 (3) Br1BeC4BeC3B 117.0 (3)
C11BeN2BeC13B 125.3 (3) Br1BeC4BeC5B 118.6 (3)
C14BeN3BeC15B 118.1 (3) N1BeC8BeC7B 109.5 (4)
C13BeN3BeC14B 115.9 (3) O1BeC11BeC10B 123.5 (4)
C13BeN3BeC15B 126.0 (3) O1BeC11BeN2B 119.3 (4)
N1AeC1AeC6A 107.1 (3) N2BeC11BeC10B 117.2 (4)
N1AeC1AeC2A 130.2 (4) O2BeC13BeN3B 122.0 (4)
Br1AeC4AeC5A 118.6 (3) N2BeC13BeN3B 115.5 (4)
Br1AeC4AeC3A 118.0 (3) O2BeC13BeN2B 122.5 (4)
N1AeC8AeC7A 109.8 (3) N3BeC15BeC10B 116.6 (4)
N2AeC11AeC10A 117.4 (3) O3BeC15BeN3B 118.2 (4)
O1AeC11AeC10A 123.6 (3) O3BeC15BeC10B 125.3 (4)

Fig. 2. View of the molecular packing in the compound. The NeH/O hydrogen bonds
are shown as dashed lines.
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3.2.1. Hirshfeld surfaces analysis (HSA)
The HSA was carried out using crystal information CIF file

output, as shown in Fig. 3. Intermolecular natural contacts can be
cited as visual spots on the molecule surface photo. The strong
contacts appeared as red large spots, while the weak one as small
red spots [28e31]. Since the desired compound contains many of O
and N donor-atomswith their free electrons, usually it can be easily
detected by Hirshfeld surfaces due to the expected strong H-bonds
formation. In the surface structure of the desired compound, eight
sufficient red spots were detected per one molecule as seen in
Fig. 3, which built 3D H-bonds network, as seen in Fig. 3d. On the
Fig. 1. ORTEP of the synthesized product.
dnorm, the strongest H-bond type was cited to NeH/O]C, such
bonds played acritical role in stabilized crystal structure of the
desired compound in dimer form.

Fig. 4 Illustrates the finger-print plot (FP), which highlight the
important intermolecular contacts in the molecule. The FP analysis
revealed the H/H intermolecular contacts as largest contribute
with a 34.6%. The 2D-FP plots over the Hirshfeld surfaces showed
the presence of inter-contacts as the following order:
H/H > H/O > H/Br > H/C > H/N as depicted in Fig. 4.

3.3. DFT studies

3.3.1. Optimized structure compared to XRD solved one
The calculated optimized structures of the desired compound

and its H-bond dimer are given in Fig. 5, respectively. The bond
distances and angles are given in Table 2 while the most important
bond distances of the dimer are shown in Fig. 5.

The relative errors and relative error percentage (0.017 Å, 1.16%)
in the calculated bond distances are quite small (Table 4). Moreover,
the correlations between the calculated and experimental bond
distances and angles are 0.9988 and 0.9968, respectively. Generally,
the calculated geometry showed good agreement with the exper-
imental one. The O2/H22 and O4/H20 intramolecular distances
are calculated to be 2.212 and 2.033 Å in gas phase while experi-
mentally observed at 2.263e2.267 Å and 2.097e2.173 Å, respec-
tively. These results predicted the presence of some intramolecular
CeH/O interactions where the O2/H22 is more weak than the
O4/H20. Moreover, the calculations in solution were presented in
Table 3
Hydrogen-bond geometry (Å, �).

DeH/A DeH H/A D/A DeH/A

N1AeH1AA/O1B 0.8800 2.2600 2.817 (4) 121.00
N1AeH1AA/O3Bi 0.8800 2.4400 3.195 (4) 145.00
N1BeH1BA/O1Aii 0.8800 2.3800 2.925 (4) 120.00
N1BeH1BA/O3Aiii 0.8800 2.1300 2.912 (4) 147.00
C3AeH3AA/O2Aiv 0.9500 2.3600 3.289 (6) 167.00
C8AeH8AA/O3A 0.9500 2.1700 2.850 (5) 127.00
C3BeH3BA/O2Bv 0.9500 2.4600 3.386 (6) 165.00
C8BeH8BA/O3B 0.9500 2.1000 2.803 (6) 130.00

Symmetry codes: (i) �xþ1, �yþ1, �zþ1; (ii) x, y, zþ1; (iii) �xþ2, �yþ1, �zþ1; (iv)
x�1, y�1, z; (v) xþ1, y�1, z.



Fig. 3. a) dnorm mapped, b) shape index, c) curvedness and d) 3D H-Bonds network on Hirshfeld surface for visualizing the contacts. Colour-scale ranges between 0.16 au (blue) and
1.8 au (red). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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presence of chloroform as solvent (Table 4). Almost the geometric
parameters remained the same without significant variations
except the NeH bond. This polar bond showed some elongation
due to the solute-solvent interactions. The NeH bond distance is
calculated to be 1.020 Å in solution instead of 1.008 Å in gas phase.
In solution, the O2/H22 and O4/H20 intramolecular distances
tend to be longer (2.221 Å and 2.067 Å, respectively) and the
CeH/O interactions becomes weaker than those in the gas phase.

In case of the dimer, the intermolecular H-bonding interactions
between two of desired compound significantly elongate the NeH
and C]O bonds involved in this interaction while the rest of bonds
remained almost unchanged. The NeH and C]O bonds in the free
molecule are 1.008 and 1.226 Å, respectively instead of 1.020 and
1.236 Å in case of the dimer. There is elongation in these bonds by
0.012 and 0.010 Å, respectively. Interestingly, the dimer has two
molecular units which are not exactly similar to each other which
agree with the X-ray structure. In general, the bond distances ob-
tained for the dimer structure have better agreement with the
experimental results than those for the monomer. The presence of
intermolecular interactions play important role in the accuracy of
the DFT results when compared to the experimental solid state X-
ray structure results.
3.3.2. MEP investigation
Molecular electrostatic potential map is a useful graph to pre-

sent not only the electrophilic and nucleophilic sites of compound
but also to recognize the most preferred sites for the H-bonding
interactions (Fig. 6). The blue colored regions in our MEP indicated
the electron poor regions (electrophile) while the red ones are the
electron rich (nucleophile). The red and blue indicating the H-
acceptor and H-donor sites for the H-bonding interactions. The
MEP graph shown in Fig. 6 indicated that the O-atoms and the NH
proton are the most reactive nucleophile and electrophile, respec-
tively. The O-atoms and the NeH proton are also, the best H-bond
acceptor and H-bond donor sites, respectively.
3.3.3. Electronic spectra and TD-DFT calculations
The electronic spectra of the desired compound were measured

in different solvents such as ethanol, acetonitrile and chloroform
(Fig. 7). It is found that the solvent have almost negligible effect on
the position of the spectral bands.

Table 5 showed the experimental maximum absorption wave-
lengths (lmax) of the most significant bands observed experimen-
tally. In order to assign the origin of these electronic transitions we
performed TD-DFT calculations at the optimized structure in gas
phase and in presence of solvent such as chloroform. The polarized
continuum model (PCM) was used to model the effect of solvation
on the electronic spectra when compared to those in the gas phase.
The assignments of the most important electronic transitions were
collected also at shown in Table 5.

In chloroform, the studied compound showed seven electronic
transitions. The longest wavelength band observed experimentally
at 414 nm is calculated at 355.8 and 372.3 nm in gas phase and
chloroform as solvent, respectively. This band showed bath-
ochromic shift due to the solute-solvent interactions compared to
the gas phase. This band is assigned to the electronic transition
from HOMO to LUMO excitation (80%). The molecular orbital en-
ergy level diagram of the 414 nm transition band explained
adequately the predicted bathochromic shift of this band in solu-
tion (Fig. 8). In presence of solvent the HOMO level is destabilized
by 0.0964 eV and also the LUMO is destabilized by only 0.0201 eV.
As a result the HOMO-LUMO energy gap is lowered and the



Fig. 4. FPof thedesiredcompound inside/outsideatoms: (a) all/ all, (b)H/ all (53.2%),
(c) H/H (34.6%), (d) H/O (7.1%), (e) H/Br (4.9%), (f) H/C (4.7%) and (g) H/N (2%).

Fig. 5. Mononuclear optimized structure (upper) and optimized geometr

Table 4
The calculated bond distances Å and angles � in gas phase and in CHCl3.

Parameter Calc. Exp. Parameter Calc. Exp.

Gas CHCl3 Gas CHCl3

R(1e14) 1.914 1.920 1.909 A(1-14-12) 118.4 118.3 118.0
R(2e24) 1.226 1.230 1.233 A(1-14-15) 119.0 118.7 118.5
R(3e29) 1.221 1.224 1.218 A(2-24-7) 119.3 119.0 119.0
R(4e34) 1.231 1.232 1.237 A(2-24-23) 123.9 124.1 123.6
R(5e9) 1.390 1.390 1.387 A(3-29-7) 122.5 122.3 121.7
R(5e19) 1.357 1.350 1.351 A(3-29-8) 120.8 120.8 121.3
R(7e24) 1.396 1.395 1.379 A(4-34-8) 119.5 119.3 119.5
R(7e25) 1.467 1.468 1.464 A(4-34-23) 124.3 124.3 124.1
R(7e29) 1.394 1.393 1.389 A(9-5-19) 110.6 110.6 110.1
R(8e29) 1.396 1.391 1.385 A(5-9-10) 130.3 130.1 130.2
R(8e30) 1.468 1.468 1.469 A(5-9-17) 106.8 107.0 107.1
R(8e34) 1.403 1.404 1.394 A(5-19-18) 109.7 109.9 109.8
R(9e10) 1.395 1.395 1.392 A(24-7-25) 116.9 116.9 118.0
R(9e17) 1.414 1.414 1.407 A(24-7-29) 124.9 124.7 124.1
R(10e12) 1.390 1.391 1.385 A(7-24-23) 116.8 117.0 117.4
R(12e14) 1.405 1.405 1.402 A(25-7-29) 118.3 118.4 117.9
R(14e15) 1.388 1.389 1.370 A(7-29-8) 116.7 116.9 117.1
R(15e17) 1.402 1.401 1.401 A(29-8-30) 115.4 115.5 115.3
R(17e18) 1.461 1.462 1.448 A(29-8-34) 125.6 125.4 124.9
R(18e19) 1.398 1.404 1.394 A(30-8-34) 119.0 119.1 119.6
R(18e21) 1.424 1.419 1.420 A(8-34-23) 116.2 116.3 116.4
R(21e23) 1.376 1.381 1.369 A(10-9-17) 122.9 122.9 122.7
R(23e24) 1.483 1.478 1.466 A(9-10-12) 117.5 117.5 117.6
R(23e34) 1.464 1.461 1.453 A(9-17-15) 119.0 119.0 119.1

A(9-17-18) 107.4 107.3 107.3
A(10-12-14) 120.0 119.8 119.5
A(12-14-15) 122.7 123.0 123.5
A(14-15-17) 118.0 117.7 117.6
A(15-17-18) 133.6 133.7 133.6
A(17-18-19) 105.6 105.3 105.8
A(17-18-21) 122.6 122.5 121.3
A(19-18-21) 131.8 132.2 132.9
A(18-21-23) 136.3 136.6 137.5
A(21-23-24) 114.5 114.7 115.1
A(21-23-34) 125.7 125.5 125.3
A(24-23-34) 119.8 119.7 119.5
transition energy decreased so the band is shifted to longer lmax. In
contrast, the two shorter wavelength bands calculated at 290.5 and
284.0 nm in gas phase undergo shift to shorter wavelengths of
285.5 nm (exp. 295 nm) and 278.2 nm (exp. 285 nm), respectively.

Themolecular orbital energy level of these transitions reveal the
expected hypsochromic shift occurred in solution compared to the
gas phase (Fig. 8). Oscillator strength (f) is a theoretical parameter
which indicates the intensity of electronic absorption of certain
electronic transition band. In agreement with the experimental
UVeVis. spectra, the longest wavelength band was predicted to
have the highest absorption among the others.
y of the H-bonded dimer belongs to the desired compound (lower).



Fig. 6. The MEP graph.

Fig. 7. The electronic spectra of the desired compound in different solvents.
Fig. 8. The molecular orbital energy level diagram (a) HOMO/LUMO (calc. at
372.3 nm, exp. found at 414 nm in chloroform), (b) HOMO-3/LUMO (calc. at
285.5 nm, exp. at 295 nm in chloroform), (c) HOMO-6/LUMO (calc. at 278.2 nm, exp.
at 285 nm in chloroform).
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3.3.4. Theoretical GIAO 1H and 13C NMR compared to experimental
results

GIAO method is used to predict the 1H and 13C NMR chemical
shifts of the desired compound both in gas phase and in DMSO
solution, the results were compared with the experimental data.
The calculated and experimental chemical shifts are given in
Table 6. In gaseous state, the 13C NMR chemical shifts showed good
correlation with the experimental results which are slightly
improved when applied the solvent effects. In contrast, the 1H NMR
has a correlation coefficient of 0.8562 in gas phasewhile in solution
significant improvement takes place (R2 ¼ 0.9415) due to solvent
Table 5
The experimental, calculated lmax (nm) and oscillator strength (f) of the most important

Gas Chloroform Assig

lmax (nm) f lmax (nm) f

355.8 0.5256 372.3 0.7460 H/L
290.5 0.0034 285.8 0.0044 H-3/
284.0 0.0002 278.2 0.0002 H-6/
230.8 0.0001 234.4 0.0001 H-1/
226.9 0.0073 226.6 0.0063 H-9/
213.9 0.2722 214.1 0.4248 H-1-
205.6 0.0209 207.4 0.0269 H-10
effect. The solvent correction for the 1H NMR chemical shifts is
more valuable than 13C NMR.

3.4. TG/DTG investigation

Thermal TG/DTG analyses was performed to evaluate the ther-
mal stability of the prepared trione compound in an open atmo-
sphere condition, which was carried out over 0e600 �C
temperature range and 10 �C/min heat rate, as seen in Fig. 9. The
electronic transitions.

nment (CHCl3) Experimental lmax (nm)

(80%) 414
L (95%) 295
L (90%) 285
Lþ3 (24%), H/Lþ3 (71%) 235
L (93%) 229
> Lþ1 (14%), HOMO- > Lþ2 (48%) 219
/L (12%), H-4/Lþ1 (25%), H-1/Lþ2 (48%) 203



Table 6
The calculated chemical shifts in gas phase and DMSO solvent compared to the
experimental data.

Atom Calculated Exp. Atom Calculated Exp.

gas DMSO gas DMSO

C9 121.09 130.97 135.70 H6 7.93 10.03 12.86
C10 99.30 110.91 127.90 H11 7.37 7.83 7.46
C12 115.19 123.17 130.40 H13 7.55 7.64 7.55
C14 125.92 132.32 122.50 H16 8.28 8.16 8.01
C15 110.28 116.95 128.70 H20 10.47 10.04 8.69
C17 119.87 127.76 132.20 H22 9.19 8.87 9.50
C18 104.46 111.50 115.30 H26 3.12 2.92 3.46
C19 127.02 138.32 134.70 H27 4.43 4.11 3.46
C21 133.62 141.95 142.10 H28 3.12 2.91 3.46
C23 102.14 107.76 133.10 H31 4.70 4.45 3.46
C24 149.12 159.02 194.90 H32 2.99 2.78 3.46
C25 21.93 29.77 35.40 H33 2.99 2.77 3.46
C29 136.83 146.09 163.50 R2 0.8562 0.9415
C30 20.68 28.48 35.40
C34 148.56 156.87 177.90
R2 0.9617 0.9633

Bold for correlation coefficients.

Fig. 9. TG-DTG of the desired compound.
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desired organic compound C15H12BrN3O3 displayed a good thermal
stability from0 to 215 �C, the thermal decaywas started after 215 �C
and ended to 350 �C with 100% mass loss. Therefore, the trione
undergoes one-step thermal decomposition without intermediate.
Mostly, the compound was decomposed to light oxide gases such
as: H2O, NO2, CO2 and BrO3.
4. Conclusions

The 5-((5-bromo-1H-indol-3-yl)methylene)-1,3-dimethylpyri
midine-2,4,6(1H,3H,5H)-trione has been synthesized under
reflux condition and physicochemical characterized. Molecular
structure of the desired compound is solved to an accuracy of
R ¼ 0.057 by X-ray technique. The optimized structures of the
monomer and dimermoleculewere calculated using DFT B3LYP/6-
31G(d,p) method then compared with the experimental results.
The calculated bond distances and angles were found to agreewith
the experimental X-ray structure data. The effects of intermolec-
ular H-bonding interactions on the geometric and electronic
properties were compared where the dimer showed better accu-
racy with the experimental data than the monomer. The suitable
sites for H-bonding interactions were determined using Hirshfeld
surface analysis andMEPmap,which revealed theNeHasH-donor
and the O]C as H-acceptor forming the NeH/O]C as shortest H-
bond dimerized two molecules. The electronic spectra were
measured, assigned and computed, the longest wavelength band
observed experimentally at 414 nmwas assigned to the electronic
transition fromHOMOto LUMOexcitation (80%). This band showed
bathochromic shift in solution compared to the gas phase because
the solvent destabilized theHOMO level by 0.0964 eV and LUMOby
only 0.0201 eV which decrease the transition energy. In contrast,
the two shorter wavelength bands (cal. 290.5 and 284.0) were
found to undergo hypsochromic shift in solution which are
adequatelyexplained usingmolecular orbital energy level analysis.
The NMR chemical shifts were calculated using GIAO method and
results were found in good agreement with the experimental data.
The desired compound displayed a good thermal stability and one
step thermal decomposed mechanism.
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