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Abstract

CsH9N204+ was prepared via acetylation of 1,3-dimethyl barbituric acid. The atomic and crystalline structures were
determined using single crystal analysis (X-ray). It is a member of the monoclinic system P 21/c group of space with a =
8.6056 (3) A, b= 9.1602 (3) A c=11.9601 (4) 4 B =109.410 (3)°, Z=4and V = 889.22 (5) A°.

n-T interactions between circles of nearby molecules with intercentroid distances of 3.4300 (11) aid in the stability of the
structure by keeping the crystals in place. The Hirshfeld surface (HS) analysis of the crystal structure reveals that the H...
0/0... H (45.9%) and H... H (32.9%) interactions contribute the most to crystal packing. The most essential interactions in
crystal packing are hydrogen bonding and van der Waals interactions. According to the dispersion, electrostatic and
overall energy frameworks, the contribution of dispersion energy dominates the stability.

Keywords: Barbituric acid, pyrimidine, crystal structure, energy framework, interaction energy.

5-ASETIL-1,3-DIMETIL BARBITURIK ASITIN KRISTAL YAPISININ ve ENERJI
DAGILIMLARININ ANALIZi

Ozet

Bashikta sézii edilen bilesik, CsHoN204, 1,3-dimetil barbitiirik asidin asetilasyonu yoluyla sentezlenmistir. Molekiiliin kristal
yapist tek kristal X-1s1n1 analizi ile ortaya koyularak, kristal yapinin a = 8.6056 (3) A, b = 9.1602 (3) A, c = 11.9601 (4) 4, B
=109.410 (3)°, Z = 4 ve V = 889.22 (5) A3 degerleri ile monoklinik sistem, P 21/c uzay grubu oldugu bulunmusgtur.

Kristal yapida, m-m etkilesimleri [3.4300(11) A'lik merkezler arasi mesafelere sahip bitisik molekiillerin halkalar:
arasindaki] kristal paketlemenin pekistirilmesine yardimci olur. Kristal yapinin Hirshfeld ytizey analizi, kristal yapinin
kristal paketleme icin en onemli katkilarinin H..0/0..H (% 45.9) ve H..H (% 32.9) etkilesimlerinde oldugunu gdsterir.
Hidrojen bagi ve van der Waals etkilesimleri, kristal paketlemedeki baskin etkilesimlerdir. Elektrostatik, dagilim ve toplam
enerji dagilimlarinin degerlendirilmesi sonucu, stabilizasyonda dagilim enerjisi katkisinin daha baskin oldugunu
gorilmiistiir.

Keywords: Barbiturik asit, primidin, kristal yap, enerji dagilimi, etkilesim enerjisi.
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Methods for the acetylation of barbituric acid derivatives
have been established that are both efficient and simple.
[12] The acetylated barbituric acid derivatives obtained
as a result of synthesis can be converted into highly
efficient Schiff bases by condensation reactions and as a
starting compound for the synthesis of coordination
compounds. [13-19]Thus, they can form monodentate or
polydentate ligands that offer different bonding sites
with the electron donating atoms in their structure. [14-

1. Introduction

Pyrimidine compounds are a class of heterocyclic
compounds that have two nitrogen atoms in their
structure. Barbituric acid, a member of the pyrimidine
class and also its derivatives products have been proven
to have various biological and pharmacological activities.
[1-12]
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19]These coordination compounds synthesized with
acetylated pyrimidine derivatives have been the subject
of many studies due to their antitumor, anti-cancer, anti-
osteoporp-free, antimicrobial, anti-inflammatory,
antitubercular, anticonvulsant interactions.[7,20-33]

In this study, X-ray quality crystals were obtained after
acetylation steps of 1,3 dimethylbarbituric acid
compound. The molecular and crystal structures of 5-
acetyl-1,3 dimethylbarbituric acid (1,3-ABA) were
investigated using single crystal analysis, X-ray
diffraction technique and various spectroscopic
techniques. Then, the HS analysis of the compound was
made and the electrostatic, distribution and overall
energy frameworks were evaluated.

2. Experimental

2.1.Materials and measurements

Solvents and chemicals used in the laboratory were
obtained commercially from manufacturers Merck and
Sigma. Solvents used in synthesis and measurements
were freshly distilled and dried according to the
appropriate procedure. Analysis of elements (C, N, H)
were accomplished on a LECO 932 CHNS analyzer. 1H
NMR spectrum of the samples were collected on a Bruker
400 MHz spectrometer in DMSO_ds. From 4000 to 400
cml, an FTIR spectrum was obtained on a pure solid
sample with a Thermo-Scientific Nicolet iS10-ATR
utilizing the ATR (attenuated total reflectance) method
on a Thermo-Scientific Nicolet iS10-ATR. Electrothermal
IA 9100 (UK) digital melting point equipment was used
to determine the melting point. A PG Instruments T80+
UV/Vis Spectrophotometer was used to acquire the
electronic spectrum. Crystal structures data were
recorded using Mo K radiation (= 0.71073) at 296(2) K
on a Bruker APEX-II CCD diffractometer.

2.2.Synthesis and characterization

1,3-ABA [12] were synthesized as previously reported in
the literature (Scheme 1). X-ray quality crystals obtained
from acetone and water by slow vaporization at 25 °C.
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Scheme 1. Synthesis of 1,3-ABA

5-acetyl-1,3-dimethyl barbituric acid : Light yellow
solid, yield: 85%, M. P.: 92 oC. FTIR (ATR, cm1): 2963,
2928 v(-CH3), 1722, 1656, 1690 v(C=0), 1221 v(C-0). 1H
NMR (400 MHz, DMSO_ds, ppm) & 7.46 (s, 1H, Ar-H), 6
3.33 (s, 3H, -CH3), 6 3.37 (s, 3H, -CH3), § 2.72 (s, 3H, -CH3).
Analysis (% calculated/found) for CsH10N204, C:
48.48/48.40, H: 5.09/5.01, N: 14.14/14.44.
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2.3.X-ray crystallography

The ORTEP-3 [35] program was utilized in the drawings,
and the SHELX software packages [SHELXS97 and
SHELXL97] [34] were used to solve and improve the
structure in the processing of crystallographic data.

The atomic locations of hydrogen were determined
geometrically using distances of 0.96 (for CH3) and then
corrected using a driving model that incorporated the
mechanism of imposing restrictions to Uiso(H) = 1.5X
Ueq (C).

3. Result and Discussion

3.1. Characterization of the compound

In the FTIR spectrum of 1,3- ABA, the carbonyl (C=0)
peak was observed at 1722 cm-1, which was appointed to
the acetyl moiety and the C-O bending peak belonging to
the same group was observed at 1221 cm1.These newly
emerged peaks support that the barbituric acid
compound has been successfully acetylated. Carbonyl
peaks in the barbituric acid ring (C=0) were also
observed intensely around 1656 and 1690 cmlIn
addition, the peaks of the methyl (-CHs) groups attached
to the nitrogen atoms in the structure of the compound
were observed around 2963 and 2928 cm1. [36, 37]

When the compound's ® NMR spectra is studied, it is
seen that the peaks observed at 3.33 and 3.37 ppm
belong to the (-N-CH3) groups in the structure of the
compound. The apex of the singlet observed at 7.46 ppm
was determined to belong to the hydrogen (5-H)
attached to the carbon atom 5, where the acetylation
reaction took place. Hydrogens belonging to the methyl
group formed as a result of acetylation, emerged as
singlet at 2.72 ppm. [12,36,38] When all spectroscopic
datas are evaluated together, it is seen that the
acetylation reaction of 1,3-dimethylbarbituric acid has
been successfully carried out.

3.2.X-Ray structure

The compound's X-ray structural assessment agrees with
pertinent spectroscopic data and supports the structure.
Experimental details used to illuminate the crystal
structure are in Table 1; the lengths between some
selected atoms are given in Table 2. The asymmetric unit
of the structure obtained by numbering the atoms is
shown in Fig. 1.

Atoms 01,02, 03, 04, C5,C6,C7 and C8 are -0.0128 (18)
A,-0.0813(20) A,0.0392 (18) A, -0.0867 (20) &, -0.0875
(25) A, -0.1862 (34) A,-0.0182 (27) A and 0.0369 (27) A
away from the best least-squares plane of ring A
(N1/N2/C1—C4), respectively. So, atoms 01, 03, C7 and
C8 are almost coplanar with ring A.

In the structure of crystal (Fig. 2), m-m interactions
between the planar, 4 (N1/N2/C1—C4) rings, Cgl ... Cgli
of neighbouring molecules help to consolidate the crystal
packing [distance between the centroids = 3.4300(11) A;
code of symmetry: (ii) - x, -y, - z; Cgl is the center of
ring A (N1/N2/C1—C4)].
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Table 1. Experimental details.

Crystal data

Formula for Chemical CsH9oN204

M: 197.17

System of crystals, space class Monoclinic, P21/c

Temperature (K) 296

a, b, c(A) 8.6056  (3),9.1602
(3),11.9601 (4)

B 109.410 (3)

V (A3) 889.22 (5)

Z 4

Type of Radiation Mo Ka

i (mm-1) 0.12

Crystal size (mm)

0.25x0.20x 0.17

Gathering data

Diffractometer Bruker APEX 11
QUAZAR three-circle
diffractometer

Correction of Absorption

The number of measurable, 11043,2033, 1395
independent, and observable

[I>20(0)] reflections [1 > 2(1)]

Rint 0.053
(sin 8/A)max (A-1) 0.649
Refining

R[F? > 20(F%)], wR(F?), S
Number of reflections
Number of parameters
H-atom treating

Apmax, Apmin (e A“3)

0.055,0.179, 1.07
2033
130

Constraints on H-
atom parameters

0.34,-0.16

Computer programs: APEX2 [39], SAINT [39], SHELXS97; [34] SHELXL97; [34], ORTEP-
3 for Windows [35], WinGX publication routines [35] and PLATON [40]
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Figure 1. The asymmetric unit of 1,3-ABA that has a
numbered atom system. The %50 probability level is
used to design thermal ellipsoids.
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Figure 2. A packing diagram with the hydrogen atoms
removed, based on the A-axis.

3.3. Hirshfeld surface analysis

A analysis of HS [41,42] was done using Crystal Explorer
17.5[43] to show the intermolecular interactions in the
crystal structure of the molecule. As a result of the
research, the white surface on the Dnorm (Fig. 3) reveals
connections with lengths equal to the total of the van der
Waals radii. Shorter (in close contact) van der Waals radii
are indicated by red hues, whereas longer (specific
contact) distances are indicated by blue colors [44].

Figure 3. Three-dimensional HS view of the compound
obtained by plotting on the dnorm in the scale of -
0.0370 to 1.0433 a.u.

The bright red spots on the picture represent the
respective donors and/or acceptors; the blue and red
regions in Fig. 4 represent positive and negative
potentials on the HS linked using the electrostatic
potential [45,46].

Blue sections show positive electrical potential (H-
bonded donors), whereas red sections indicate negative
electrical potential (H-bonded acceptors).

The shapes and colors used in HS analysis are
interpreted as follows. The presence of adjacent red and
blue triangons is an image used to envision the ...t stack
in the molecule. If the study determines that there are no
surrounding red and/or blue triangular piece, there is no
T .. T interaction in the molecule. Figure 5 clearly shows
that there are m...m interactions in (I).
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Figure 4. The shape of the three-dimensional HS of the
compound. This figure is drawn using the Hartree-Fock
theory and the STO-3 G basis tuned at electrostatic
potential energy in the scale of -0.0500-0.0500 a.u. Blue
and red patches represent hydrogen bond donors and
acceptors, respectively.

Figure 5. The HS drawn on the shape index of the
compound.

In general, fingerprint layout in two dimensions, Fig. 6aq,
and those delineated into H..0/O..H, H..H, H..C/C..H,
0..C/C..0, N..C/C..N, C..C, O..N/N..O, 0..0 and
H..N/N..H [47] are illustrated in Figs. 6b—j,
respectively, as well as their proportional additives to the
HS. Almost all crucial interaction is the H..0/0..H
contacts (Table 2), which contribute 45.9% to the overall
crystal packing, and Figure 6b shows that the hints are
also projected as spikes of symmetrical distribution with
de + di = 2.75 A = 2,56 A. The H..H interactions are
depicted in Fig. 6¢c as dense and widely spread patches
arising from the molecule's high hydrogen content (de =
di=1.17).

If there isn't any interactions between C—H..m, a
characteristic pair of blades (Fig. 6d, 6.9% contribution
to HS) expressed as H...C/C...H (Table 2) in the fingerprint
plan contacts also has hints at de + di = 2.75 A. Table 2
shows a distribution that is symmetrical of dots with the
pair of wings at de + di = 3.17 for the 0..C/C..0 (4.4
percent, Fig. 6e) connections. The N..C/C..N (3.8%, Fig.
6f) and C...C (2.2%, Fig. 6g) contacts have bullet-shaped
and arrow-shaped distributions of dots with the hints at

de = di = 1.70A and de = di = 1.74 A, respectively. Finally,
the 0..N/N...O (1.5 percent, Fig. 6h), 0..0 (1.4 percent,
Fig. 6i), and H..N/N..H (1.0 percent, Fig. 6j) connections
feature distributed low-density dots with hints at de + di
=3.08, 1.85, and 3.00, separately.

Table 2. Interatomic distances of interest (A).

01---04 2:429 02---H7A 2.35
(3)

03---Cé 2.807 03---H6B 2.62
(3)

03---C1i 3.165 03---HBA 2.66
(3)

O1---H8Al 2.72 03---H8C 2.63

01---H7B 2.39 03--H6C 2.54

O1.---H7Cii 2,72 H7B---C3v 2.84

02---H8B 2.26 H8C---C7v 2.89

02---H8BV 2.63

Symmetry codes: (i) -x, y-1/2, -z+1/2; (ii) -x, -y, -z; (iii) -x, -y+1, -z; (iv) -x-1, -y, -z;
W) x, -y+1/2,2-1/2; (vi) x, -y+1/2, z+1/2.

i | ) HH 320% d

10| 0

(0) H..C/C..H 6.9% d| | (e 0..cc..0 44% a""| i N.co.N 38% d
| L[ e
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Figure 6. The entire two-dimensional fingerprinting
plots for the molecule, demarcated into (a) H...0/0...H,
(b) H..H, (c) H...C/C..H, (e) 0..C/C...0, (f) N...C/C..N, (g)

C..C, (h) 0..N/N...0,10...0, and (j) H..N/N..H
connections. The di and de values in A are the closest
inner and outer distances from the specified dots on the
HS interactions.
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In Figs. 7 a,b, the HS declarations with the mission dnorm
plotted onto the surface for the H..0/0..H and H..H
interactions are presented.

HS analyzes highlight the importance of H-atom
interactions in the formation of the packing. Van der
Waals interactions and hydrogen bonding play key roles
in crystal packing, as evidenced by the presence of
multiple H...0/0..H and H...H interactions [48].

(3 ‘,;,.{
(5) w —
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Figure 7. For (a) H..H, (b) H...0/0...H, and (c) H...C/C..H
interactions, the HS declarations with the mission
dnorm mapped onto the surface.

3.4.Interaction energy calculations

The model of energy CE-B3LYP/6-31G(d,p) found in
Crystal Explorer 17.5 [43] is used to determine
intermolecular interaction energies. A collection of
compounds is created in this computation by performing
crystallographic symmetry operations on a specified
core molecule with a radius of 38 [49].

The overall intermolecular energy is calculated by adding
the electrostatic (Eele), polarization (Epol), dispersion
(Edis), and exchange-repulsion (Erep) energies(Etot)
[50], with scale factors of 1.057, 0.740, 0.871, and 0.618,
separately [51].

3.5.Energy frameworks

The computation of intermolecular interaction energies,
as well as a graphical depiction of their magnitude, are
referred to as energy frameworks [50]. The energies
between molecule pairs are represented by cylinders
that connect their centers of gravity, with the radius of
the cylinder proportional to the relative intensity of the
associated interaction energy.

Eele (red rollers), Edis (green rollers) and Etot (blue rollers)
all have their own energy frameworks (Fig. 8). After
examining energy frameworks of the electrostatic,
dispersion, and overall, it is clear that dispersion energy
plays the most important and effective role in stability.

Figure 8. Diagrams of electrostatic energy(a),
dispersion energy(b), and overall energy(c) are all
perspectives on the energy framework for a group of
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molecules. In 2 X 1 X 2 unit cells, the cylindrical radius is
proportional to the relative intensity of the associated
energies and is set to the same scale factor of 80 with a
cut off of 5.

4. Conclusion

This article discusses the synthesis and characterisation
of 5-acetyl-1,3-dimethyl barbituric acid, as well as HS
analysis, computation of interaction energies, and energy
frameworks. Single crystal analysis (X-ray) was used to
determine the structure of the substance, and the results
were corroborated by spectroscopic investigation. HS
study reveals the critical role of H-atom interactions in
the forming structure. Furthermore, it demonstrates that
van der Waals and hydrogen bonds interactions are
critical for crystal packing. When the electrostatic,
dispersion, and overall energy frameworks were
evaluated, it was determined that the dispersion energy
contribution to the stabilization of the compund was
significant.
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