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ABSTRACT

The title compound 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione was
obtained by reaction of thymine with 3-nitrobenzylbromide in the presence of cesium
carbonate. Characterization of the product was achieved by NMR spectroscopy and its
stability was probed in basic condition using UV-Visible analysis. Furthermore, the
molecular structure was confirmed by X-ray diffraction analysis. The compound crystallizes
in orthorhombic Pna21 space group with unit cell parameters a = 14.9594 (15) A, b = 25.711
(3) A, c=4.5004 (4) A,V =1731.0 (3) A3 and Z = 4. The crystal packing of the title compound
is stabilized by intermolecular hydrogen bond, m---w and C-H---m stacking interactions. The
intermolecular interactions were furthermore analyzed through the mapping of different
Hirshfeld surfaces. The two-dimensional fingerprint revealed that the most important
contributions to these surfaces come from O--H (37.1%), H:--H (24%) and H---C/C:--H
(22.6%) interactions. The interaction energies stabilizing the crystal packing were
calculated and were presented graphically as framework energy diagrams. Finally, the
energy-framework analysis reveals that m---m and C-H---1 interactions energies are mainly
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dispersive and are the most important forces in the crystal.
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1. Introduction

Heterocyclic compounds containing the pyrimidine ring
has wide occurrence in nature [1]. Together with adenine,
guanine, cytosine, and uracil, thymine is one of the funda-
mental nitrogenous bases observed in the genetic code of the
living beings. As nucleobase, thymine is implicated in various
important biological processes [2]. Numerous thymine
derivatives are described as biologically active compounds.
Some of them are reported as efficient to inhibit the highly
invasive A431 tumor cell line [3], active against the majority of
wild-type of human immunodeficiency HIV-1 mutant viruses
[4], inhibitory potency on a mycobacterial enzyme thymidine
mono-phosphate kinase (TMPKmt), on the growth of M.
smegmatis and M. tuberculosis bacteria [5], susceptibility to
phosphorylation by TK1 and TK2 and candidates for appli-
cation as boron carriers for boron neutron capture therapy
(BNCT) [6]. Among the various substituted thymine
derivatives, the N!,N3-benzyl substituted compounds are
recognized to be interesting according to their conformation
and the rigidity offered by the different rings. In particular,

nitrobenzyl-substituted pyrimidine derivatives show potency
in agrochemical field as herbicides [7], in the medical and
pharmaceutical fields as bio-reductive alkylating agents [8] or
even as anti-epileptogenic agents [9,10] and photosensitizer
for the photodynamic therapy [11].

Our group is continuously interested in the synthesis, full
characterization and evaluation of biological activity of benzo-
isothiazoles [12] and benzothiadiazines as AMPA receptor
antagonist [13-15]. As a part of our works, we recently became
interested in the synthesis of new structures based on the
thymine heterocycle such as Willardiine [16] derivatives
containing the nitrobenzyl substituent. Although some 1,3-
bis(nitrobenzyl)thymine compounds are described [8], their
molecular structures obtained by X-ray diffraction analysis
were not reported at all. In view to develop new family of
these interesting compounds, various key precursors are
prepared. Herein, we report, the synthesis, the crystal
structure, the Hirshfeld surface analysis and the interaction
energies of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,
3H)-dione.
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Table 1. Crystal data and details of the structure refinement for title compound.

Parameters Compound
Empirical formula C19H16N406
Formula weight 396.36
Temperature (K) 100(2)

Crystal system Orthorhombic
Space group Pna2

a(A) 14.9594(15)

b (A) 25.711(3)

c(d) 4.5004(4)
Volume (A3) 1731.0(3)

A 4

Pealc (g/cm3) 1.521

p (mm-1) 0.116

F(000) 824.0

Crystal size (mm3) 0.10 x 0.06 x 0.03
Radiation MoKa (A= 0.71073)

20 range for data collection (°)
Index ranges

Tmin, Tmax

(sin 8/2) max (A1)
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [1220 ()]
Final R indexes [all data]
Largest diff. peak/hole (e A-3)
Flack parameter

5.446 t0 56.568
-19<h<19

34<k<34

5<1<6

0.911,0.953

0.667

78246

4257 [Rint = 0.0736, Ryigma = 0.0265]
4257/1/263

1.068

R: = 0.0367, wR: = 0.0833
R: = 0.0447, wR; = 0.0883
0.21/-0.22

-0.1(4)

2. Experimental

All the chemicals and solvents used were of analytical
grade from Sigma Aldrich or Abcr. Melting points were
determined on a Biichi Tottoli capillary apparatus and are
uncorrected. The 'H and 13C NMR spectra were recorded on a
Bruker Avance (500 MHz for 'H; 125 MHz for 13C) instrument
using deuterated dimethyl sulfoxide (DMSO-ds) as the solvent
with tetramethylsilane (TMS) as an internal standard;
chemical shifts are reported in § values (ppm) relative to that
of internal TMS. The abbreviations s = singlet, d = doublet, t =
triplet, q = quadruplet, m = multiplet, dd = doublet of doublet,
qd = quadruplet of doublet, dt = doublet of triplet, tt = triplet of
triplet, and bs = broad singlet are used throughout. Elemental
analyses (C, H, N, S) were realized on a Thermo Scientific Flash
EA 1112 elemental analyzer and were within +0.4% of the
theoretical values for carbon, hydrogen, and nitrogen. This
analytical method certified a purity of 295% for each tested
compound. All reactions were routinely checked by TLC on
silica gel Merck 60F2s4 [17].

2.1. Synthesis of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-
2,4(1H,3H)-dione

In a 50 mL one-neck round-bottomed flask equipped with
a magnetic bar containing thymine (1 g, 7.93 mmol, 1 equiv.),
3-nitrobenzylbromide (3.44 g, 15.86 mmol, 2 equiv.) and
cesium carbonate (3.41 g, 10.46 mmol, 1.3 equiv.), was added
30 mL of dry dimethylformamide. The mixture was stirred at
30 °C for 3 days. At the end of the reaction, the excess of
Cs2C03 was eliminated by filtration and the solution was
diluted with 200 mL of water. The desired compound was
extracted with ethyl acetate. The organic fraction was dried
over MgS0:4 and the solvent was removed under vacuum. The
light-yellow powder was purified by silica-gel column
chromatography using an ethyl acetate as eluent giving the
desired product. Color: White powder. Yield: 90%. Rr (ethyl
acetate): 0.77. M.p.: 152-154 °C. UV/Vis (DMSO, Amax, nm): 271.
Anal. calcd. for C19H16N4Oe¢: C, 57.58; H, 4.07; N, 14.14. Found:
C, 57.55; H, 4.31; N, 13.97 %. 'H NMR (500 MHz, DMSO-ds, 8,
ppm): 8.20-8.16 (m, 2H, Ar-H), 8.13-8.10 (m, 2H, Ar-H), 7.88
(d, 1H,J = 1 Hz, C=C-H-N), 7.79 (d, 1H, ] = 5 Hz, Ar-H), 7.73 (d,
1H, /=5 Hz, Ar-H), 7.66 (t, 1H, = 7.5 Hz, Ar-H), 7.61 (t, 1H, ] =

7.5 Hz, Ar-H), 5.13 (s, 2H, N-CHz), 5.06 (s, 2H, N-CHz), 1.85 (s,
3H, CHs). 3C NMR (126 MHz, DMSO-ds, 8, ppm): 162.92,
151.11, 147.77, 147.64, 140.38, 139.21, 138.79, 34.34, 134.16,
130.13, 129.85, 122.61, 122.29, 122.22, 122.19, 108.50, 50.83,
43.21,12.51.

2.2. Crystal growth

Monocrystal of the title compound 5-methyl-1,3-bis(3-
nitrobenzyl)pyrimidine-2,4(1H,3H)-dione was obtained by
slow evaporation at 6 °C of its solution in a 1:1 mixture of
acetone and dichloromethane.

2.3. Single crystal X-ray diffraction data collection

For the crystal structure determination, the data were
collected by applying the omega and phi scans method on a
Bruker D8 Venture PHOTON III-14 diffractometer using
INCOATEC multilayer mirror monochromated with MoKa
radiation (A = 0.71073 A) from a microfocus sealed tube
source at 100 K. Computing data and reduction were made
with the APEX3 [18]. The structure was solved using SHELXT
[19] and finally refined by full-matrix least-squares based on
F2 by SHELXL [20]. An empirical absorption correction was
applied using the SADABS program. Software used to
molecular graphics: ORTEP for Windows [21]. Software used
to prepare material for publication: WinGX publication
routines [21] and Mercury [22].

Crystal data, data collection and structure refinement
details are summarized in Table 1. All non-hydrogen atoms
were refined anisotropically and the hydrogen atom positions
were included in the model on the basis of Fourier difference
electron density maps. All CH and aromatic CH hydrogen (C-H
= 0.95 A) atoms were refined using a riding model with Uiso(H)
= 1.2 Ueq(C). The methyl hydrogen (C-H = 0.99 A) atoms were
refined as a rigid group with torsional freedom [Uiso(H) = 1.5
Uea(C)].

3. Results and discussion
3.1. Synthesis and UV-visible

The title product was obtained by reacting thymine and 3-
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Figure 1. Synthesis of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione.
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Figure 2. 'H NMR (500 MHz) spectrum of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione in DMSO-d¢ at 298 K.
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Figure 3. 13C NMR (126 MHz) spectrum of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione in DMSO-ds at 298 K.

nitrobenzyl bromide in the presence of cesium carbonate as
base in dry dimethylformamide as shown in Figure 1. The
desired product was isolated as a white powder after silica-gel
column chromatography and characterized by NMR.

The proton NMR spectrum of the product is shown in
Figure 2. This spectrum highlight one singlet at § 1.85 ppm
easily attributed to the methyl CHs group and two singlet at §
5.13 and 5.06 ppm corresponding to the two different benzyl
CH:z hydrogens. Furthermore, the endocyclic CH hydrogen of
the heterocycle can be recognized by the peak at § 7.8 ppm.
Finally, the set of peaks between § 7.6 and 8.2 ppm, can be
attributed to hydrogens of the aromatics rings.

The 13C NMR spectrum (Figure 3) of the title compound
was recorded in DMSO-ds at 298 K to complete the nuclear
magnetic resonance characterization. The chemical shifts are
observed between 180 and -10 ppm. The -CH3 carbon of the
thymine appears at 12.51 ppm. The two benzyl carbon are
characterized by two different chemical shifts at 50.83 and
43.21 ppm respectively. This result is logical since the Nt
substituted methylene carbon in 5-methyl-1,3-bis(3-nitro
benzyl)pyrimidine-2,4(1H,3H)-dione located between two
carbonyl groups is more deshielded than it counterpart at the

N3 position. The carbons of the carbonyl groups are observed
at 162.92 and 151.11 ppm, respectively.

Characterization of the isolated compound by UV-Visible
spectroscopy was also realized. Moreover, the stability of the
title compound was investigated in alkaline condition (pH
ranging from 7 to 13) using UV/Vis spectroscopy. The absor-
bance is recorded at room temperature on a HP ChemStation
(HP 845X UV-visible Software) with an HP 8453 UV-visible
Spectrophotometer (Hewlett Packard, Waldbronn, Germany)
fitted with a 1024-element diode-array. Roughly, 100 pM
concentration of the compound is used in the experiment and
the pH is adjusted using sodium hydroxide and hydrochloride
solution. The spectra obtained under neutral pH condition
shows a single peak at 271 nm that can be assigned to the m-m*
transition in the molecule (Figure 4). In contrary to the effect
of base on thymine reported by Kaspar et al. [23], the results
revealed that the alkaline condition do not affect the UV/Vis
spectrum of the 1,3-bis(3-nitrobenzyl)thymine (Figure 4). This
result is logical because in this product, acidic protons are
replaced by benzyl substituents that avoid formation of
mesomers forms (in case of thymine) leading to good stability
of the compound.
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Figure 4. UV/Vis spectra of 5-methyl-1,3-bis(3-nitrobenzyl) pyrimidine-2,4(1H,3H)-dione at pH ranging 7 to 13.

Figure 5. ORTEP diagram for the title compound with displacement ellipsoids drawn at the 50% probability level.

3.2. Molecular structure

To complete the structural characterization, the exact
molecular structure of the title compound was obtained by X-
ray diffraction analysis. The structure of 5-methyl-1,3-bis(3-
nitrobenzyl)pyrimidine-2,4(1H,3H)-dione is shown in Figure
5.

The compound crystallizes in orthorhombic Pna21 space
group. The two nitro bond lengths are identical with C2-N1
and C19-N4 values of 1.472 (3) and 1.470 (3) A, respectively
(Table 2). All the nitro N-O bonds distances are similar (~1.22
A). Moreover, analysis of the thymine heterocycle highlights
close carbonyl C12-03 and C11-04 bonds distances with 1.218
(3) and 1.225 (3) A. The double bond €9-C10 distance [1.344
(3) A] is typical of those observed in olefin.

The endocyclic C-N bonds of the imide moiety distances
are different, especially those of the C12-N2 [1.378 (3) 4], C12-
N3 [1.390 (3) A] and C11-N3 [1.403 (3) A]. Distortion of the
thymine six member ring is observed by measuring selected
internal bond angle C9-C10-C11, N2-C12-N3, C12-N2-C9 and
C12-N3-C11 giving notable variation with 118.4 (2)°, 115.19
(19)°, 121.79 (17)° and 125.40 (18)°, respectively. The torsion
angles C10-C9-N2-C12 [1.2 (4)°] and C10-C11-N3-C12 [1.3
(3)°] are closer and reveal low deviation of the amide bonds
from planarity. Furthermore, the weighted average ABS.
torsion angle value is 2.7°, suggesting a flattened (planar)
conformation of the thymine ring.

3.3. Supramolecular features

The crystal structure packing of the title compound is
stabilized by the existence of intermolecular hydrogen bonds.

The H-bond interaction [C14-H14B---02i, (i) x-1/2, -y+1/2, z]
is established between the benzyl hydrogen atom of one
molecule and one oxygen atom of the nitro group of an
adjacent molecule with distances H14---02! of 2.88 A,
C14B--02! of 3.453 (3) A, with an angle C14-H14B---02i of
144° (Figure 6a).

The molecular conformation revealed that the two benzyl
moieties bearing the thymine heterocycle are in the trans
disposition with the dihedral angle of 176.23 (8)° (Figure 6b).
Such disposition of the benzyl groups allows further
stabilization of the crystal packing ensured by m---m and
X-H:--1t interactions. The m--m interactions are established
between equivalent aromatic rings of neighboring molecules
(See Table 3 and Figure 6b) and C8-H8 with the m electrons of
the phenyl ring (C2—C7), all of them along c axis.

3.4. Hirshfeld surface and fingerprint

Hirshfeld surface representation is recognized as a
powerful tool for studding intermolecular interactions and
molecular packing trends in crystals. This analysis model was
used to evaluate intermolecular interactions of the title
compound calculated with the program CrystalExplorer 17
[24]. The normalized contact distance, dnorm is obtained by
considering the global relation between the distances of any
surface point to the nearest interior (d:) and exterior (d.) atom
and the Van der Waals radii (rvdw) of the atoms [25,26].

The maps of dnorm, di and de on molecular Hirshfeld
surfaces of the title compound are shown in Figure 7. The
three-dimensional dnorm surface mapped over a fixed color -
0.2010 (red) to 1.0774 (blue) highlights intermolecular O---H
close contacts as red spots which reveals that the sum of d; and
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Table 2. Selected bond lengths [A] and angles [°] for 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione.

95

Bond Distance [A] Bond Angle [°]
Co-C10 1344 (3) C12-N2-C9 121.79 (17)
€10-C13 1.497 (3) C12-N2-C8 117.45 (18)
C10-C11 1.447 (3) C12-N3-C14 116.34 (18)
C11-04 1.225 (3) C11-N3-C14 118.19 (17)
€12-03 1218 (3) C12-N2-C9 12179 (17)
C2-N1 1472 (3) C12-N2-C8 117.45 (18)
C8-N2 1.468 (3) C12-N3-C14 11634 (18)
C9-N2 1.381 (3) C11-N3-C14 118.19 (17)
C11-N3 1.403 (3) 04-C11-N3 12060 (2)
C12-N2 1.378 (3) N3-C11-C10 115.83 (18)
C14-N3 1.478 (3) C9-N2-C8 12062 (19)
C19-N4 1.470 (3) C12-N3-C11 125.40 (18)
C12-N3 1.390 (3) €9-C10-C11 11840 (2)
C11-N3 1.403 (3) 04-C11-C10 123.60 (2)
C12-N2 1.378 (3) 03-C12-N2 122.13 (19)
C14-N3 1.478 (3) N2-C12-N3 115.19 (19)
N1-02 1.225 (3) 03-C12-N3 12270 (2)
N4-06 1.224 (3) 04-C11-N3-C12 1777 (2)
N1-01 1.225 (3) N2-C9-C10-C11 3.0 (4)
N4-05 1.220 (3) 9-C10-C11-N3 41(3)
C10-C9-N2-C12 12 (4)
N2-C12-N3-C11 2.6 (3)
03-C12-N2-C9 177.3 (2)
N3-C12-N2-C9 39(3)
03-C12-N3-C11 -178.7 (2)
€9-C10-C11-04 1749 (2)
C10-C11-N3-C12 13(3)

Table 3. Analysis of short ring-interactions.

Cg()-Cg() Cg-Cg (A) Alpha (%) Beta (°) Gamma (°) Cgl Perp (A) Cg] Perp (A)
Cgl—Cgl iii 4.5003(14) 0.00(10) 40.6 40.6 3.4188(9) 3.4188(9)
Cg2—Cg2 iii 4.5006(14) 0.02(11) 41.2 41.2 3.3839(9) 3.3840(9)
Cg3—Cg3 iii 4.5005(16) 0.00(12) 40.4 40.4 3.4289(10) 3.4290(10)
Cg()-Cg()) H-Cg (A) H-Perp (A) Gamma (A) X-H..Cg (°) X..Cg (A)

C8-H8B— Cg2 i 2.44 -2.42 5.98 156.00 3.365(2)

i[x,y, 1+z]; i [x, y, -1+z]; Cg1 (N2 C9 C10 C11 N3 C12); Cg2 (C2—C7); Cg3 (C15-C20).

Q)]

(b)

Figure 6. (a) Intermolecular hydrogen bond. (i) x-1/2, -y+1/2, z. (b) Intermolecular interactions in the crystal packing of title compound.

de is shorter than the sum of the Van der Waals radii (Figure
7c). White and blue regions on the surface reveal distances
equal and longer than the sum of the Van der Waals radii
respectively [25]. On the Hirshfeld surface mapped with
shape-index, convex blue regions represent hydrogen donor
groups and concave red regions represent acceptor groups
(Figure 7d).

The electrostatic potentials for 5-methyl-1,3-bis(3-
nitrobenzyl)pyrimidine-2,4(1H,3H)-dione were calculated at
B3LYP/6-31G(d,p) level of theory and mapped on the
Hirshfeld surfaces (Figure 7e). The map analysis allows a
quantitative evaluation of the electron-rich and electron-
deficient sites in the molecule. The blue and red regions
around the different atoms correspond to positive and
negative electrostatic potentials respectively. As shown in
Figure 7e, in the molecule, the electronegative regions are

essentially located around the oxygen atoms and the
electropositive regions were observed around the C-H bonds.

The dispositions adopted by the molecules in the crystal
packing lead to close contacts that could be quantified by the
mapping of the two-dimensional fingerprint. The fingerprint
plot indicates the contributions of interatomic contacts to the
Hirshfeld surfaces of the crystal packing. In 1,3-bis(3-
nitrobenzyl)thymine, decomposed fingerprint reveals that the
most important contributions come from O---H (37.1%), H---H
(24%) and H--C/C---H (22.6%) interactions. The high
contribution of O--*H contacts in the fingerprint could be
explained by the presence of several oxygen atoms in the nitro
groups and in the thymine cycle. Other interactions are
H:-:N/N---H (4%), C--:0/0---C (3.2%), C---C (2.5%) N--:0/0--:N
(2.1%) and C--*N/N---C (0.7%) (Figure 8).
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(4

Figure 7. The Hirshfeld surface of the title compound mapped over: (a) d; in the range 0.9306 to 2.5121 A, (b) d. in the range 0.9306 to 2.5121 A, (c) dnorm in the
range -0.2010 to 1.0774, (d) shape-index (-1.0 to 1.0, DG: Donor Group, AG: Acceptor Group) and (e) electrostatic potential in the range -0.0646 to 0.043 atomic

units.
3.5. Energy framework

In view to get more accuracy about molecular interactions,
we use Tonto quantum chemistry package for wave-function
calculation as an alternative to Gaussian16 quantum chemistry
packages [27]. The various intermolecular interactions
depicted in the title compound participate to the crystal
packing stabilization. Therefore, the intermolecular interac-
tion energies for 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-
2,4(1H,3H)-dione are calculated using CE-B3LYP/6-31G(d,p)
energy model available in Crystal-Explorer (CE) [24].

The interaction energies calculations are represented
graphically in Figure 9 as framework energy diagrams. The
radii of the corresponding cylinders are proportional to the
magnitude of interaction energy. The total intermolecular
energy Eiwt (kJ/mol) relative to the reference molecule (in
black) is the sum of energies of four main components,

comprising electrostatic (Eee), polarization (Epa), dispersion
(E4is) and exchange-repulsion (Erep) [28] with scale factors of
1.057, 0.740, 0.871 and 0.618, respectively [29,30]. Table 3
shows information about interaction energies components (E),
rotational symmetry operations with respect to the reference
molecule (Symop), the centroid-to-centroid distance between
the reference molecule and interacting molecules (R) as well
as the number of pair(s) of interacting molecules with respect
to the reference molecule (N). The results give total interaction
energy of -199.7 kJ/mol involving the electrostatic (-83.8
kJ/mol), polarization (-29.8 KkJ/mol), dispersion (-217.4
kJ/mol) and repulsion (162.4 k]J/mol). The m--m and C-H---1t
contacts highlight in Figure 6b are the most stable interactions
present in the crystal packing with an interaction energy of -
58.5 KkJ/mol. Hydrogen bonds with C-H:--O interactions
energies are in the same energy order with m-X interactions
with energy value of -56.3 kK] /mol.
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Table 3. Interaction energies in components form for 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione.
R

N Symop

Eele Epol Eais Erep Etot

B x+1/2,y+1/2, 2+1/2 14.01 94 23 163 98 1938
2 x, -y, z41/2 13.57 -1.0 05 9.7 6.2 -6.0
2 x+1/2,y+1/2, 2+1/2 15.39 -6.8 1.7 5.4 6.3 9.3
2 xyz 4.50 -1.8 -8.6 -104.5 65.9 -58.5
2 -X,-y,z+1/2 12.97 0.1 -1.4 -10.9 6.9 -6.2
I 2 x+1/2,y+1/2,z 8.73 -17.2 32 238 16.9 -30.9
2 x+1/2, y+1/2,z 8.73 7.0 18 65 2.7 127
2 x+1/2,-y+1/2,z 7.49 -40.7 -10.3 -40.3 47.7 -56.3
Total -83.8 -29.8 -217.4 162.4 -199.7
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Figure 8. The two-dimensional fingerprint plots of title compound: (a) all contacts, (b) H---0/0---H, (c) H---H, (d) H---C/C---H, (e) H:-N/N---H, (f) C---0/0---C, (g)

C-+C, (h) N---0/0-+-N and (i) C++-N/N---C.

That interaction energy presents the same order
electrostatic (E’ele = -40.7 k].mol!) and dispersive (E’dis = -40.3
kJ/mol) character (Table 3). Analysis of the total energy
diagram (Figure 9d) revealed close resemblance to the
dispersion energy framework (Figure 9c) demonstrating its
main contribution in the total forces in the crystal packing.

4. Conclusion

The reaction of thymine with 3-nitrobenzylbromide in the
presence of cesium carbonate yielded 5-methyl-1,3-bis(3-

nitrobenzyl)pyrimidine-2,4(1H,3H)-dione as a white powder.
The NMR and elemental analysis of the product were further
completed by X-ray diffraction analysis performed on the
isolated monocrystal obtained by slow evaporation. All the
interactions present in the crystal packing were analyzed
thank to Hirshfeld surface analysis and the two-dimensional
fingerprint, highlighting close contacts as well as acceptor and
donor groups. Finally, energy-framework calculations were
used to analyze and visualize the three dimensional topology
of the crystal packing. The results revealed that total
interaction energy in the crystal packing is mainly dispersive.
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Figure 9. The colour-coded interaction energy framework map of 5-methyl-1,3-bis(3-nitrobenzyl)pyrimidine-2,4(1H,3H)-dione within 3.8 A of the centering
(marked by an asterisk) molecular cluster (a). Energy framework diagram for separate electrostatic (b), dispersion (c) components of the title molecule and the
total interaction energy (d). The energy factor scale is 100 and the cut-off is 5.00 k] /mol.
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