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Abstract: The synthesis of C2 -symmetrical bis(β-enamino-pyran-2,4-dione) derivative 3 connected
via 1,6-hexylene linker was reported for the first time. X-ray structures and Hirshfeld studies of the
new bis- β-enamino-pyran-2,4-dione derivative 3 along with two structurally related pyran-2,4-dione
derivatives 2a,b were discussed. A comparative analysis of the different intermolecular contacts
affecting the crystal stability was presented. Generally, the H . . . H, O . . . H, and H . . . C interactions
are common in all compounds and are considered the most abundant contacts. In addition, DFT
calculations were used to compute the electronic properties as well as the 1 H and 13 C NMR spectra of
the studied systems. All compounds (except 3) are polar where 2a (3.540 Debye) has a higher dipole
moment than 2b (2.110 Debye). The NMR chemical shifts were calculated and excellent correlations
between the calculated and experimental data were obtained (R2 = 0.93–0.94).
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1. Introduction
Pyrone and its analogs have been in the focus of organic chemists due to their wide
range of interesting chemical properties, in addition to many biological and therapeutic
applications [1–3]. They are considered as good synthons in a number of synthetic transformations, especially the ones leading to natural products heterocyclic systems isolated
from fungi, bacteria, insects, animals, plants, and marine organisms that possess a wide
range of pharmaceutical actions such as phytotoxic, neurotoxic, cytotoxic, antifungal, and
anti-biotic activities [4]. Several representative examples were isolated from the nature
and pyrone scaffolds have been found in their chemical structures such as Nectriapyrone
A&B, Nocapyrone G, Griseulin, Wailupemycin A&F, Phaechromycin B, Nigerapyrone A&B,
Neurymenolide A, Decaturin A&B, (+)-Violapyrone, and others [5–18].
Pyrone scaffold and related analogs have multi-functional groups such as enone, ester
group, and conjugated diene which can serve as versatile building blocks for the synthesis
of numerous target molecules [3]. Thus, development of a highly efficient synthetic protocol
affording pyrone scaffold under mild conditions has become of considerable attention
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for researchers. Several approaches have been reported in the literature, including the
microwave method [19] and many transition metal-mediated methods [3,20,21] for the
synthesis of pyrone moiety. On the other hand, some important investigations have been
carried out and reported recently on the synthesis and spectroscopic behavior of pyrone
scaffold [22–25].
Symmetry plays a crucial role in many human activities such as in the sciences and
arts. It engages in chemical reactions, reagents, and catalysts to enhance the selectivity
of the synthesis of chemical compounds. Symmetry has been employed in diverse areas,
including design processes, mathematics as a problem-solving tool, physical laws, and in
many domains of chemistry in which it can be utilized for solving chemical problems. To
design and construct symmetrical structures is still a challenge.
In view of these encouraging reports, and in line with our interest to develop the
chemistry of pyrone derivatives, the aim of the present work was to synthesize a new
C2 -symmetrical bis(β-enamino-pyran-2,4-dione) derivative 3 linked by 1,6-hexylene spacer
and shed the light on its molecular and supramolecular structure aspects with the aid
of X-ray crystal structure, Hirshfeld, and DFT calculations. Additionally, comparative
structural analyses were performed with the two previously reported structures 2a,b
shown in Scheme 1.

Scheme 1. Synthesis of β-enamino-pyran-2,4-diones derivative 2a,b and C2 -symmetrical bis(βenamino-pyran-2,4-dione) derivative 3.

2. Materials and Methods
General
“Melting-point apparatus (SMP10) was used to measure the melting points of the
synthesized compounds in open capillaries and uncorrected. The reaction progress was
monitored chromatographically by thin-layer (TLC) and UV light was used for spot detection. Bruker AC 400 MHz spectrometer was used for nuclear magnetic resonance (1 H- and
13 C-NMR) recording in CDCl solvent and the presence of internal standard (tetramethylsi3
lane). Chemical shifts were represented in δ (ppm) and coupling constants are given in Hz.
Flash EA-1112 instrument was used for elemental analysis determination”.
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2.1. Synthesis
The synthesis and single crystals of the studied compounds 2a,b were prepared as
previously reported [19].
(3E,30 E)-3,30 -((Hexane-1,6-diylbis(azanediyl))bis(phenylmethaneylylidene))bis(6-phenyl-2Hpyran-2,4(3H)-dione) 3
A mixture of pyran-2,4-dione 1 (2.0 mmol) and 1,6-diaminohexane (1.0 mmol) was
heated under reflux in methanol (10 mL) for 4 h. Then, it was cooled to room temperature,
and the formed precipitate was collected by filtration, dried, and recrystallized from MeOH.
Yield 88%, m.p. 210–211 ◦ C, 1 H-NMR (400 MHz, CDCl3 ; Figures S1 and S2) δ 14.12 (s,
2 H), 7.80 (dd, J = 7.9, 1.2 Hz, 4 H), 7.53–7.51 (m, 6 H), 7.48–7.42 (m, 6 H), 7.26 (dd, J = 7.3,
2.4 Hz, 4 H), 6.44 (s, 2 H), 3.17 (q, J = 6.6 Hz, 4 H), 1.59–1.57 (m, 4 H), 1.31 (s, 4 H); 13 C-NMR
(101 MHz, CDCl3 ) δ 185.07, 175.01, 162.07, 160.99, 133.37, 131.29, 131.16, 129.52, 128.93,
128.80, 126.02, 125.82, 125.49, 104.38, 96.87, 45.16, 29.41, 26.07; Elemental analysis (CHN)
calculated for [C42 H36 N2 O6 ] C, 75.89; H, 5.46; N, 4.21 found C, 75.98; H, 5.60; N, 4.16.
2.2. X-ray Single Crystal Determination of 2a,b and C2 -Symmetrical Compound 3
The crystals of 2a,b and C2 -Symmetrical compound 3 were immersed in cryo-oil,
mounted in a loop, and measured at a temperature of 120 K. The X-ray diffraction data
were collected on a Rigaku Oxford Diffraction Supernova diffractometer using Cu Kα
radiation. The CrysAlisPro [26] software package was used for cell refinement and data
reduction. A gaussian (2a) or multi-scan (2b, 3) absorption correction (CrysAlisPro [26])
was applied to the intensities before structure solution. The structure was solved by
intrinsic phasing (SHELXT [27]) method. Structural refinement was carried out using
SHELXL [28] software with SHELXLE [29] graphical user interface. In compound 2b, the omethylphenyl moiety with the NH group was disordered over two sites with the occupancy
ratio of 0.83/0.17. Due to the disorder, a rigid-bond restraint (RIGU) was applied to the
disordered part of the structure. Furthermore, the carbon atoms of the phenyl rings were
fitted to regular hexagons. On the other hand, the OH hydrogen atom in 2a, N(1)H(1)
hydrogen atom in 2b and NH hydrogen atom in 3 were located from the difference Fourier
map and refined isotropically. All other hydrogen atoms were positioned geometrically
and constrained to ride on their parent atoms, with C-H = 0.95–0.99 Å, N-H = 0.88, and
Uiso = 1.2–1.5·Ueq (parent atom).
2.3. Hishfeld Analysis
The topology analyses were performed using the Crystal Explorer 17.5 program [30].
3. Results and Discussion
3.1. Synthesis
The synthesis of the target β-enamino-pyran-2,4-diones compounds 2a,b was achieved
by reacting pyran-2,4-dione 1 with o-anisidine and o-toluidine respectively in methanol [19].
Whereas, C2 -symmetrical bis(β-enamino-pyran-2,4-dione) derivative 3 having 1,6-hexylene
spacer linking the two β-enamino-pyran-2,4-dione arms was obtained from the reaction of
1 with 1,6-diaminohexane in methanol under reflux for 4 h (Scheme 1). The crystals of the
new bis(β-enamino-pyran-2,4-dione) derivative 3 and β-enamino-pyran-2,4-diones 2a,b
and 3 were grown in MeOH by slow evaporation at room temperature overnight to afford
single crystals suitable for X-ray diffraction analysis.
3.2. Crystal Structure Description of 2a,b and 3
The X-ray structure of the studied systems revealed very well the experimentally
observed structural characterizations from the spectral analyses. The crystal data and
structure refinement details of 2a, 2b and 3 are summarized in Table 1. All compounds
were crystallized in the triclinic crystal system and the centrosymmetric p-1 space group.
All unit cell parameters are listed in the same table. The unit cell comprised two molecular
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units in case of 2a and 2b, while for 3 there was one molecule per unit cell as the molecule
present in the unit cell of 3 lies on an inversion center.
Table 1. Crystal data and structure refinement for the studied compounds 2a, 2b, and 3.
Identification Code

2a

2b

3

empirical formula
fw
temp (K)
Λ (Å)
cryst syst
space group
a (Å)
b (Å)
c (Å)
α (◦ )
β (◦ )
γ (◦ )
V (Å3 )
Z
ρcalc (Mg/m3 )
µ (Mo Kα) (mm−1 )
No. reflns.
Unique reflns.
GOOF (F2 )
Rint
R1a (I ≥ 2σ)
wR2b (I ≥ 2σ)
CCDC

C25 H19 NO4
397.41
120(2)
1.54184
Triclinic
P-1
8.4480(2)
11.3775(3)
11.4509(3)
62.863(3)
83.527(2)
82.242(2)
968.87(5)
2
1.362
0.753
21,259
4067
1.046
0.0238
0.0323
0.0846
2,099,428

C25 H19 NO3
381.41
120(2)
1.54184
Triclinic
P-1
8.5656(2)
11.0766(2)
11.3943(2)
117.766(2)
93.726(2)
93.594(2)
949.26(4)
2
1.334
0.705
21,678
3975
1.054
0.0316
0.0382
0.1024
2,099,429

C42 H36 N2 O6
664.73
120(2)
1.54184
Triclinic
P-1
7.3747(4)
10.4849(6)
11.6054(7)
106.422(5)
105.512(5)
92.416(5)
822.64(9)
1
1.342
0.726
6894
3388
1.045
0.0244
0.0429
0.1132
2,099,430

The X-ray structure of 2a along with atom numbering are shown in the left upper part
of Figure 1. List of the most important geometrical parameters including bond distance
and angles are given in Table S1 (Supplementary Materials). The pyran-2,4-dione moiety is
connected directly to a phenyl group where both rings are twisted from each other. The
angle between the mean plan passing through the pyran-2,4-dione moiety and the phenyl
ring was found to be 24.30◦ . The structure is stabilized by one intramolecular N1-H1 . . . O1
hydrogen bond with donor-acceptor distance of 2.535(1) Å and hydrogen-acceptor distance
of 1.732(2) Å, while the N1-H . . . O1 angle was 142.7(2)◦ . As can be seen from the right
upper part of Figure 1, each two molecular units formed a dimer via the intermolecular
N1-H1 . . . O1 hydrogen-bonding interactions with donor-acceptor distance of 2.909(1) Å
and hydrogen-acceptor distance of 2.260(2) Å while the N1-H1 . . . O1 angle was 126.5(1)◦ .
The X-ray structure of 2b along with atom numbering are shown in the lower left
part of Figure 1, while the selected bond distance and angles are given in Table S1
(Supplementary Materials). One of the phenyl rings showed disorder over two positions
and only the major part is shown in this figure. Additionally, the pyran-2,4-dione moiety connected by phenyl group was found twisted from each other and the twist angle
between the mean plan passing through the Pyran-2,4-dione moiety and this phenyl ring
was found to be slightly less (21.48◦ ) than that in 2a. The structure is also stabilized by
one intramolecular N1-H1 . . . O1 hydrogen bond with N1 . . . O1 and H1 . . . O1 distances
of 2.559(4) Å and 1.738(2) Å, respectively while the N1-H . . . O1 angle was 140.26(2)◦ .
As can be seen from the lower left part of Figure 1, each two molecules of 2b formed a
dimer via intermolecular N1-H1 . . . O1 hydrogen bonding interactions. In this case, the
donor-acceptor distance was 2.883(3) Å and the hydrogen-acceptor distance was 2.173(2) Å
while the N1-H . . . O1 angle was 129.68(2)◦ .
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Figure 1. X-ray structures showing atom numbering (left) and the dimer formed by the intermolecular hydrogen bonding
interactions (right) for 2a and 2b. The disorder model of compound 2b is shown in Figure S3 (Supplementary Data) where
one of the phenyl rings showed disorder with two parts and only the major part was presented in this figure.

In case of 3, the molecule exhibited a center of symmetry located at the midpoint of
the C21-C21 bond, splitting the molecule into two equivalent halves; hence, the asymmetric
unit comprised half molecular unit. Hence, only the atom numbering of half molecule is
presented in the lower part of Figure 2. Similar to the other pyran-2,4-dione derivatives,
the structure is stabilized by strong intramolecular N1-H1 . . . O1 hydrogen bonding
interactions with donor-acceptor distance of 2.562(2) Å and hydrogen-acceptor distance of
1.755(2) Å while the N1-H . . . O1 angle was 145.57(2)◦ (Figure 2). Additionally, the twist
of the pyran-2,4-dione moiety and the phenyl ring was found to be the highest (31.47◦ )
among the studied systems.
3.3. Analysis of Molecular Packing
The Hirshfeld surfaces of 2a are shown in Figure S4 (Supplementary Data). Decomposition of the fingerprint plot for all contacts sharing in the crystal stability of 2a is presented
in Figure 3. These fingerprint plots enabled us to determine the percentages of all possible
intermolecular contacts affecting the molecular packing in the crystal structure of 2a. In
this plot, the de and di are the distances from a point on the surface to the nearest nucleus
outside and inside the surface, respectively. The normalized contact distance, (dnorm ), is
defined in terms of de , di and the vdW radii of the atoms according to Equation (1). It is
clear that the H . . . H (45.1%), O . . . H (19.9%) and H . . . C (27.8%) contacts were the most
dominant, in addition to some significant contributions from the C . . . C (5.2%) and C . . .
O (1.7%) interactions.
di − rivdW de − revdW
dnorm =
+
(1)
revdW
rivdW
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Figure 2. X-ray structure showing atom numbering and the intramolecular hydrogen bonding interactions for C2 symmetrical compound 3.

On the other hand, the normalized contact distance (dnorm ) map yielded good evidence
on the important short-contact sharing significantly in the molecular packing (Figure 4).
Clear red regions in the dnorm map indicate contacts with shorter interaction distances than
the vdW radii sum of the interacting atoms. It is clear that many red spots are related to the
H . . . H, O . . . H and H . . . C intermolecular interactions, indicating that these contacts
are the most significant in the molecular packing of 2a. Summary of all short contacts and
the corresponding interactions distances are listed in Table 2. The shortest H . . . H, O . . .
H and H . . . C intermolecular interactions were H4 . . . H14, H25B . . . C5 and O1 . . . H1
contacts having interaction distances of 2.142, 2.702, and 2.212 Å, respectively.
Additionally, the results indicated some C . . . C contacts (5.2%) belong to the π-π
stacking interactions, which were further revealed by the presence of a large green flat area
in the curvedness and the complementary red/blue triangles in the shape index (Figure 5).
The shortest C . . . C contacts were C11 . . . C5 and C11 . . . C4 with interaction distances of
3.287 and 3.227 Å, respectively.
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Figure 3. Decomposed fingerprint plots of the most dominant contacts and pie chart showing the
percentages of all possible intermolecular interactions in the crystal structure of 2a.

Figure 4. Decomposed dnorm maps of the most important contacts in 2a.
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Table 2. Most important contacts and the corresponding shortest interaction distances.
Contact

Distance

Contact

Distance

H25B . . . C5
H25B . . . C6
C1 . . . O1
C11 . . . C5
C11 . . . C4
C10 . . . .C4

2.702
2.761
3.099
3.287
3.227
3.563

H15 . . . H22
H4 . . . H14
O2 . . . H2
O2 . . . H1A
O1 . . . .H17
O1 . . . H1

2.274
2.142
2.436
2.512
2.537
2.212

Figure 5. Shape index (left) and curvedness (right) revealed the π-π interactions in 2a.

For 2b, the Hirshfeld surfaces showing the dnorm , shape index and curvedness maps
are presented in Figure S5 (Supplementary Data). Decomposition of the fingerprint plot
for all contacts sharing in the crystal stability of 2b is presented in Figure 6. Based on the
decomposed fingerprint plots, the most abundant contacts were the H . . . H, O . . . H and
H . . . C interactions. Their percentages were calculated to be 47.2%, 17.5%, and 28.1% from
the whole intermolecular contacts affecting the molecular packing in the crystal structure
of 2b. In addition, some significant contributions from the C . . . C (5.2%) and C . . . O
(1.6%) interactions were detected.
Additionally, the decomposed dnorm maps were used to locate the regions sharing
significant interactions with the neighboring molecular units (Figure 7). Based on the
decomposed dnorm maps, all contacts having shorter distances than the vdWs radii sum of
the interacting atoms are collected in Table 3. Additionally, the corresponding interaction
distances are depicted in the same table. It is clear that the H . . . H interactions occurred at
longer distances (2.420 Å; H15 . . . H22) compared with 2a. In contrast, the H . . . C interactions occurred at shorter distances (2.629 Å; H22 . . . C15) compared with 2a. Similarly, the
shortest O . . . H contact (O1 . . . H1; 2.144 Å) occurred at a shorter distance compared with
2a. As can be seen from the shape index and curvedness maps, the characteristic features
of the π-π stacking interactions are evident (Figure S5 (Supplementary Data)). The shortest
C . . . C contacts were C4 . . . C11 and C4 . . . C10, while the corresponding interaction
distances were 3.232 and 3.350 Å, respectively.
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Figure 6. Decomposed fingerprint plots of the most dominant contacts and pie chart showing the percentages of all possible
intermolecular interactions in the crystal structure of 2b (major part).

Figure 7. Decomposed dnorm maps of the most important contacts in 2b (major part).
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Table 3. Most important contacts and the corresponding shortest interaction distances.
Contact

Distance

Contact

Distance

H22 . . . C15
C4 . . . C10
C4 . . . C11
H15 . . . H22

2.629
3.350
3.232
2.420

O2 . . . H15
O1 . . . H17
O1 . . . H1
O2 . . . H2
O3 . . . H21

2.526
2.523
2.144
2.383
2.581

The Hirshfeld surfaces of the C2 -symmetrical compound 3 are shown in Figure S6
(Supplementary Data). Additionally, the dominant interactions in this compound were
H . . . H (46.4%), H . . . C (28.7%) and O . . . H (20.2%) contacts based on the decomposed
fingerprint plots (Figure 8). Similar to 2b, there were no red regions in the dnorm map
corresponding to the H . . . H contacts (Figure 8). The opposite was true for the O . . .
H and H . . . C contacts. The O . . . H interactions appeared as more sharp spikes in the
fingerprint plot compared with the H . . . C ones. Hence, the O . . . H interactions were
more significant in the molecular packing compared with the H . . . C contacts. List of the
short intermolecular contacts are depicted in Table 4. Additionally, the results indicated a
contribution of 2.4% for the C . . . C contacts where the C4 . . . C5 was the shortest (3.348 Å),
indicating the presence of some weak π-π stacking interactions.

Figure 8. Decomposed fingerprint plots and dnorm maps of the most dominant contacts and pie chart showing the
percentages of all possible intermolecular interactions in the crystal structure of the C2 -symmetrical compound 3.
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Table 4. Most important contacts and the corresponding shortest interaction distances.
Contact

Distance

Contact

Distance

H21B . . . C2
H21B . . . C3
H4 . . . C17
H4 . . . C18
H17 . . . C7

2.784
2.689
2.589
2.736
2.624

O2 . . . H1A
O2 . . . H16
O3 . . . H11
C4 . . . C5

2.345
2.407
2.261
3.348

3.4. DFT Studies
The structures of the studied compounds were calculated starting from their X-ray
structures and the resulting optimized geometries are depicted in Figure 9 (left part) while
the right part of the same figure shows the overlay between the calculated and experimental structures. Generally, the calculated structures showed good agreements with
the experimentally observed X-ray structures. Some deviations between the calculated
and experimental structures could be attributed to the crystal packing effects. Comparison between the calculated and experimental bond distances and angles are shown in
Table S2 (Supplementary Data). In Figure 10, there are very good straight line correlations
(R2 = 0.913–0.982) between the calculated and experimental geometric parameters. The
good correlations with high R2 values between the calculated and experimental geometrical
parameters present an accurate mathematical expression relating them.

Figure 9. The optimized geometry (left) and overlay of the optimized with experimental structures, (right) for the studied
compounds.
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Figure 10. The straight line correlations between the calculated and experimental geometric parameters.

The studied systems comprised the CHNO backbone where the charge distribution
at the different atomic sites has a direct impact on the molecular reactivity and electronic
properties of the molecular systems. The calculated natural charges at different atomic
sites are presented graphically in Figure 11. The results presented clear evidence on the
electronegative nature of the nitrogen, oxygen, and the majority of carbon atoms where the
carbonyl oxygen atoms had the highest negative charge. The calculated natural charges at
the carbonyl oxygen were −0.578 to −0.641, −0.577 to −0.643, and −0.580 to −0.653 e for
compounds 2a, 2b, and 3, respectively. The corresponding values for the ether oxygen atom
are −0.526 to −0.518, −0.525, and −0.525, respectively. On the other hand, the secondary
amine nitrogen atom had less negative natural charges than the carbonyl oxygen atom
and more negative natural charge than the ether oxygen atom. The natural charges at
the N-atom of the amino group were calculated to be −0.563, −0.570, and −0.557 e for
compounds 2a, 2b, and 3, respectively. Additionally, the majority of carbon atoms had
a negative charge except those attached to the N or O atoms. All carbon atoms bonded
to nitrogen or oxygen were positively charged. As expected, the hydrogen atoms were
positively charged where the NH proton was the most positive among hydrogen sites. The
NH proton had natural charges of 0.476, 0.475, and 0.464 e for compounds 2a, 2b, and 3,
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respectively. Additionally, the oxygen atom of the carbonyl directly attached to the ether
oxygen had the most positive charge compared with the other atomic sites. The calculated
natural charges at the carbonyl carbon were calculated to be 0.794, 0.793 and 0.792 e,
respectively. The studied compounds (except 3) were polar with net dipole moments of
3.540 and 2.110 Debye for compounds 2a and 2b, respectively. In contrast, compound 3
was non polar with zero net dipole moment due to the presence of an inversion center,
as it has the ci point group. The direction of the dipole moment vector is shown over the
molecular electrostatic potential (MEP) map in Figure 12.

Figure 11. Natural charge populations at the different atomic sites for the studied compounds.
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Figure 12. The MEP, HOMO, and LUMO for the studied compounds. In MEP the red and blue colors indicate the most
negative and most positive regions, respectively.

In MEP maps shown in Figure 12, the high electron density related to the carbonyl
oxygen atoms is clearly evident from the red regions close to these sites. In contrast, the
high positive charge density of the NH proton could not be clearly seen from the presented
MEP maps due to its proximity to the carbonyl oxygen which has an intense red region
around it. In any case, the values of the electron density at the NH proton were positive
around this atomic site. Hence, the NH group could be considered as the most suggested
group as hydrogen bond donor while the carbonyl oxygen atom is the most suitable
hydrogen bond-acceptor site. These results are in accordance with the observed X-ray
structure of the studied system.
Additionally, the HOMO and LUMO levels are presented in Figure 12. It is clear
that the HOMO and LUMO levels were mainly located over the π-system of the studied
molecules. Hence the HOMO-LUMO intramolecular charge transfer could be described
mainly as a π-π* transition. The HOMO and LUMO energies are important parameters for
calculating molecular reactivity parameters such as ionization potential (I = −EHOMO ),
electron affinity (A = −ELUMO ), chemical potential (µ = − (I + A)/2), and hardness
(η = (I−A)/2), as well as electrophilicity index (ω = µ2 /2η) [31–36]. The energies of the
HOMO and LUMO levels were the highest for 2a while they were the lowest for 2b. Hence,
the ionization potential and electron affinity values of 2a were the lowest and were the
highest for 2b. Additionally, 2a had the lowest hardness and the highest chemical potential.
The order of the electrophilic characters, as indicated from the electrophilicity index (ω), is
2a > 3 > 2b (Table 5).
3.5. NMR Spectra
NMR chemical shifts for the protons and carbons were calculated using the GIAO
method and the results are tabulated in Tables S3–S5 (Supplementary Data). Correlations
between the experimental and theoretical results are presented in Figure 13. As shown from
these correlation graphs, the correlation coefficients (R2 ) were high and close to 1. The R2
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values ranged from 0.9827–0.9948 and 0.9547–0.9868 for 1 H- and 13 C-NMR chemical shifts,
respectively. These results indicated that there is good agreement between the experimental
and theoretical results.
Table 5. Reactivity parameters of the studied compounds.
Parameter

2a

2b

3

EHOMO
ELUMO
I
A
η
µ
ω

−5.8214
−1.8452
5.8214
1.8452
3.9762
−3.8333
1.8478

−5.9912
−1.9173
5.9912
1.9173
4.0738
−3.9543
1.9191

−5.9357
−1.8545
5.9357
1.8545
4.0812
−3.8951
1.8587

Figure 13. 1 H- and 13 C-NMR correlations between the calculated and experimental data.
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4. Conclusions
In conclusion, the synthesis of a new C2 -symmetrical bis(β-enamino-pyran-2,4-dione)
derivative 3 was achieved. X-Ray single crystal structures of 2a,b and 3 were developed and,
hence, structures unambiguously determined. The supramolecular structures of the studied
compounds were analyzed using Hirshfeld calculations. All structures were optimized and
the calculated structures were in good agreement with the experimentally observed X-ray
crystal structures. At the optimized geometry of each compound, the electronic parameters
were calculated and compared. Additionally, the calculated NMR chemical shifts were in
good agreement with the experimental data. The possible applications of the synthesised
C2 -symmetrical bis(β-enamino-pyran-2,4-dione) derivative 3 and mono-derivative 2a,b
will be considered in the near future.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/sym13091646/s1, X-ray single crystal determination of 1; Figures S1 and S2:1 H-NMR and
13 C-NMR of 3 in CDCl ; Figure S3: X-ray structure of compound 2b showing the disordered phenyl
3
ring. Figures S4–S6: Hirshfeld surfaces of 2a,b and 3. Table S1. Selected bond lengths [Å] and angles
[◦ ] for the studied compounds. Table S2: List of calculated and experimental bond distances and
angles. Tables S2–S4 The calculated chemical shifts of 2a,b and 3.
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