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Abstract: The novel hydrazone-containing thieno[2,3-d]pyrimidine, namely, N’-(1,3-dioxo-1,3-
dihydro-2H-inden-2-ylidene)-2-(4-0x0-5,6,7,8-tetrahydrobenzo[4,5] thieno[2,3-d]pyrimidin-3(4H)-
yl)acetohydrazide 4 was synthesized in a very good yield from the reaction of the triketoester 1
or ninhydrin 2 with the exocyclic acetohydrazide 3 in methanol. Good-quality crystals of 4 were
obtained by recrystallization of the compound from the DMF/MeOH solvent mixture. The target
product 4 crystallized in the triclinic crystal system and P-1 space group. The topology analysis of
molecular packing indicated that the H... H (30.4%), O ... H(22.0%) and H ... C (17.0%) contacts
are the most dominant intermolecular interactions in the crystal of 4, while the O ... H,N ... H,
H...CN...CO...CC...Cand O... O are the only contacts which have shorter interaction
distances than the vdWs radii sum of the interacting atoms. The structure of 4 is optimized and the
calculated structure showed good agreement with the experimental one. Additionally, MEP, HOMO,
LUMO and the reactivity descriptors were calculated.

Keywords: thieno[2,3-d[pyrimidine; ninhydrin; hydrazone; X-ray crystal structure; Hirshfeld

1. Introduction

Thieno[2,3-d]pyrimidines are unique fused privilege structures which have shown
a high degree of applications in several fields such as agriculture, bioorganic chemistry
and medicinal chemistry [1]. Thieno[2,3-d]pyrimidines are the bioisoesteres of the purine
scaffold, which play a crucial role in many physiological functions such as cell proliferation
and respiration; thus, the synthesis of a new analogues-based purine core structures,
such as thieno[2,3-d]pyrimidines, for the purpose of drug discovery development is of
interest. Many thieno[2,3-d]pyrimidines are found in the structure of VEGFR [2,3], tyrosine
kinases [4] and phosphodiesterase inhibitors [5] which are important biological compounds
that occur in the human body [6]. In recent decades, many of thieno[2,3-d]pyrimidines
have been designed, synthesized and identified as anti-inflammatory [7], antipyretic [8],
analgesic [9], antimicrobial [10] radioprotective [11], antihistaminic [12] and anticancer [13]
agents. Additionally, thienopyrimidines have medicinal applications [14] against diseases
such as tuberculosis, cerebral ischemia, malaria, Parkinson’s and Alzheimer’s [14,15].

Recently, Gad et al. [16] designed and synthesized new thieno[2,3-d]pyrimidine ana-
logues as anticancer drug candidates that displayed promising efficacy on breast cancer.
The Khaled A. M. Abouzid research group discovered a new chemical entity based on
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thieno[2,3-d]pyrimidines and was identified as an anticancer agent targeted therapy for
PI3K enzyme inhibition [17].

In fact, ninhydrin is a triketone analogue which has unique chemical properties and
is used as a building block for many organic transformations. Additionally, ninhydrin
is widely employed as a fluorescence agent for the detection of latent fingerprints in
forensic science [18-20] as well as in other fields such chemiluminescence [21] or for the
development of new fluorophore systems [22]. Ninhydrin is derived from the indanone
core structure, which exists in many natural products. Interestingly, it displays biological
potency such as anti-inflammatory, anti-tumor, anti-allergy, free radical scavenger, and
antimicrobial activities [23,24]. Therefore, combining two important pharmacophores such
as the thieno[2,3-d|pyrimidine moiety and the ninhydrin group is of interest and may lead
to the discovery of a new privileged and lead structure for further research.

It is well known that hydrazone is a big class of organic compounds that showed high
importance in the pharmaceutical field, as this functional group was identified as a core
structure for coordination chemistry. Additionally, their metal complexes were reported to
have many biological applications as anti-fungal and anti-microbial agents, and they also
have interesting catalytic applications [25,26].

According to these findings and in continuation with our research program [15,27],
we report herein the synthesis of a new organic material based on thieno[2,3-d]pyrimidines
clubbed with a ninhydrin scaffold linked with hydrazone. The structure aspects were
elucidated by X-ray single crystal structure technique combined with Hirshfeld and
DFT calculations.

2. Materials and Methods
2.1. General

All chemicals and solvents used in this study were purchased from Sigma Aldrich or
El Nasr Company for Intermediate Chemicals with at least 98% purity and used without
further purification. Melting points were measured via a melting-point apparatus (SMP10)
in an open capillary and are uncorrected. Nuclear magnetic resonance (\H-NMR and
13C-NMR) spectra were determined in DMSO-dg on a Bruker AC 400 MHz and a Bruker
AC 100 MHz spectrometer, respectively, where tetramethylsilane was used as internal
standard. Chemical shifts were described in 6 (ppm), and coupling constants are given in
Hz. Elemental analysis (CHNS) was performed on a Flash EA-1112 instrument.

2.2. Synthesis of N'-(1,3-dioxo-1,3-dihydro-2H-inden-2-ylidene)-2-(4-0x0-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d Ipyrimidin-3(4H)-yl) Acetohydrazide 4

The synthesis of 4 was performed form the two precursors 1 and 2 as follows:

A mixture of triketoester 1 (0.352 g, 1.0 mmol) or ninhydrin 2 (0.178 g, 1.0 mmol)
and hydrazide 3 (0.278 g, 1.0 mmol) was refluxed in MeOH 10 mL for 4 h, the formed
precipitates were filtered off, dried under vacuum and recrystallized from DMF/MeOH.

Yield: 0.328 g, 78 % (from 1), 0.311 g, 74 % (from 2), as shiny yellow crystals
(DMF/MeOH). M.p. 259-260 °C; 'H-NMR (400 MHz, DMSO-dg) & 12.61 (s, 1H), 8.37
(s, 1H), 8.34-7.94 (m, 4H), 5.29 (s, 2H), 2.90-2.74 (m, 4H), 1.82-1.78 (m, 4H); 13C NMR
(100 MHz, DMSO-dg) 6 162.26 (2C), 157.28 (2C), 148.35 (CH), 141.94 (2C), 140.23 (C), 137.21
(CH), 137.04 (CH), 133.85 (2C), 131.28 (C), 124.33 (CH), 123.90 (CH), 122.09 (C), 40.43,
(NCHy), 25.74 (CHy), 25.01 (CHy), 22.85 (CH,), 22.20 (CH,); Elemental analysis (CHNS)
calculated for [C21H1N4O4S]: C, 59.99; H, 3.84; N, 13.33; S, 7.63 found C, 60.08; H, 3.81; N,
13.23;S,7.69.

2.3. X-ray Structure Determination

The crystal structure of 4 was solved using X-ray diffraction data according the method
described in Supplementary data [28-31]. The crystallographic details are summarized in
Table 1.
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Table 1. Crystal data and structure refinements for 4.

4
CCDC 2237068
empirical formula Cy1H16N4O4S
fw 420.44
temp (K) 120(2) K
A(A) 1.54184
cryst syst Triclinic
space group P1
a (A) 5.5257 (2)
b (A) 10.9956 (5)
c(A) 15.4836 (6)
a (A) 95.881(3)
B (deg) 100.164(3)
7 (A) 92.139(3)
V (A%) 919.65 (7)
Z 2
Pcalc (Mg/m3) 1.518
(Mo Ka) (mm™—1) 1.909
No. reflections 18314
Unique reflections 3813
Completeness to 6 = 67.684° 99.9%
GOOF (F?) 1.029
Rin 0.0688
R1%(I > 20) 0.0479
wR, ? (I > 20) 0.1212

TRy =1 1 Fol =1 Fel 1 /S 1Fo . P wRy = (S[w(Fo2 —Fc2)2]/Sw(Fo2)2 ]} /2.

2.4. Hirshfeld Surface Analysis
The topology analyses were performed using Crystal Explorer 17.5 program [32].

3. Computational Methods

DFT calculations were performed for a single molecule in a vacuum, without solvation
or cluster models, using Gaussian 09 software package [33,34] utilizing B3LYP/6-31G(d,p)
level of theory. Natural bond orbital analyses were performed using NBO 3.1 program [35].

4. Results and Discussion
4.1. Synthesis and NMR Characterizations of 4

Refluxing  ethyl  2-(2-hydroxy-1,3-dioxo-2,3-dihydro-1H-inden-2-yl)-3-oxo-3-
phenylpropanoate 1 or ninhydrin 2 with 2-(4-ox0-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-
dlpyrimidin-3(4H)-yl)acetohydrazide 3 in methanol for 4 h afforded N’-(1,3-dioxo-1,3-
dihydro-2H-inden-2-ylidene)-2-(4-0x0-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d Jpyrimidin-
3(4H)-yl)acetohydrazide 4 in a very good yield (78 and 74% yields, respectively) (Scheme 1).
The 'H NMR spectrum revealed significant signals confirming the product formation such
as the NH proton at 12.61 ppm, pyrimidine proton at 8.37 ppm and the methylene protons
attached to nitrogen at 5.29 ppm. Moreover, the 13C NMR spectrum showed the carbonyl
carbons at 162.26 and 157.28 ppm.



Crystals 2023, 13, 384 40f 13

H,N
(o}
“NH
o o /
Ph Q N
OH
MeOH o
N o
| Reflux >
(o} S
o OEt | N\ ,{
1 3 s 4
o]
OH
+ MeOH
OH 3
Reflux
(o]

Scheme 1. Synthesis of 4.

4.2. Crystal Structure Description

A single crystal of 4 was examined using X-ray diffraction, and the resulting structure is
presented in Figure 1, which agrees very well with its spectral characterizations, confirming
the successful trial to synthesize the target compound. The structure of 4 crystallized in
the triclinic crystal system and P-1 space group with lattice parameters of a = 5.5257 (2) A,
b =10.9956 (5) A, c = 15.4836 (6) A, a = 95.881 (3)°, B = 100.164 (3)°, ¢ = 92.139 (3)° and
unit cell volume of 919.65 (7) A3, and two molecules per unit cell (Table 1). Selected
bond distances and angles are given in Table 2. The structure of 4 is stabilized by short
intramolecular N(3)-H(3)...O(3) hydrogen bond with donor-acceptor distance of 2.847 (2) A.
The inter- and intra-molecular N-H ... O hydrogen bond contacts are presented in Figure 2.

Figure 1. X-ray structure of 4.
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Table 2. Bond lengths (A) and angles (°) for 4.

Bond Length/A Bond Length/A
S(1)-C(8) 1.731 (2) N(1)-C(8) 1.362 (3)
S(1)-C(1) 1.741 (2) N(2)-C(9) 1.365 (3)

O(1)-C(10) 1.222 (3) N(2)-C(10) 1.410 (3)
0(2)-C(12) 1.206 (3) N(2)-C(11) 1.460 (3)
0(3)-C(14) 1.216 (3) N(3)-N(5) 1.341 (3)
04)-C(21) 1.215 (3) N(3)-C(12) 1.393 (3)
N(1)-C(9) 1.300 (3) N(5)-C(13) 1.292 (3)

Bonds Angle/° Bonds Angle/°

C(8)-5(1)-C(1) 91.18 (11) C(13)-N(5)-N(3) 119.38 (19)
C(9)-N(1)-C(8) 114.0 (2) C(6)-C(1)-C(2) 125.2 (2)
C(9)-N(2)-C(10) 123.85 (19) C(6)-C(1)-S(1) 112.99 (17)
C(9)-N(2)-C(11) 118.31 (19) C(2)-C(1)-S(1) 121.78 (18)
C(10)-N(2)-C(11) 117.8 (2) C(1)-C(2)-C(3) 109.1 (2)
N(5)-N(3)-C(12) 117.50 (19)

JU
/\\/k

Figure 2. Hydrogen bond dimer of 4.

On the other hand, the analysis of the hydrogen bonding interactions in 4 revealed the
presence of short intermolecular N(3)-H(3)...O(3) hydrogen bonds, which play an important
role in the molecular packing of the studied system (Figure 2). The N(3)...0(3) donor-
acceptor distance is 3.129 (3) A, and the symmetry code of the hydrogen bond acceptor is
-x+1,—y,— z+1 (Table 3).

Table 3. Hydrogen bond parameters (A and °) for 4.

D-H...A D-H H...A D...A D-H...A
N@G)-H(3)...0(3) 0.85 (3) 2.24 (3) 2.847 (2) 128 (3)
N@)-H(3)..0(3) ! 0.85 (3) 2.35 (3) 3.129 (3) 154 (3)

Symmetry Code. ! 1—x + 1,—y,~z + 1.

4.3. Hirshfeld Analysis

The decomposition of the different intermolecular contacts controlling the molecular
packing of 4 was performed using Hirshfeld calculations. The decomposed fingerprint plots
shown in Figure 3 gave a quantitative summary of each intermolecular contact occurring
in the crystal. It is quite clear that there are large number of contacts which control the
packing of the different molecular units in the crystal, where the H... H (30.4%),O ... H
(22.0%) and H ... C (17.0%) contacts are the most dominant. In addition, there are some
contributions from the N ... H (7.1%), O ... C(6.5%),S ... H(5.1%)and S ... C (4.4%)
contacts (Figure 4). Not all contacts presented in Figure 2 have the characteristic feature
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of short interactions, where the O... H, N... HH... C,N... C,O... C,C... Cand
O ... O are the only contacts which appear as red spots in Figure 5. These short distance
contacts and their corresponding distances are collected in Table 4. The majority of these
short interactions have the characteristic sharp peaks in the fingerprint plot (Figure 3).
Additionally, the results revealed the presence of significant amount of short N ... C and
C... Ccontacts which gave an indication on the presence of some 7—m stacking interactions.
The shape index and curvedness maps did not give any good indication about this type of
interaction, probably due to the incomplete stacking of the aromatic 7-system among the
molecular units.

240 0..H LJd. N..H

e

U6 08 LU 1.7 14 L& 18 2.0 2.2 24 26 28 U6 08 LU 1.7 14 16 L8 2.0 2.2 24 26 28

e S N..C L Lade c..C

0. (i 0. J
U6 08 10U 1.7 1.4 16 18 2.0 2.2 24 26 28 06 08 1.0 1.7 1.7 16 18 2.0 2.2 2.4 26 28

240 H..C o |Lld o..c

06 08 1.0 1.7 14 L6 L8 2.0 2.2 2.4 2% Z8 U6 08 LU LZ 14 16 L8 2.0 2.2 24 26 Z8

L o

0. J

1
U6 08 L0 LZ 14 16 L8 2.0 2.2 24 26 Z8

Figure 3. Decomposed fingerprint plots for the important interactions in 4.
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H...H, 30.4

% Contact

Contacts

Figure 4. All intermolecular interactions and their percentages.

A:0O...H;B: 0..C; C:N..H;D:N...C; E:H..C;F:C..C; G:0...0

Figure 5. Hirshfeld surfaces of 4.

Table 4. All short contacts and their interaction distances.

Contact Distance Contact Distance
03...Cl4 3.043 O1... H4B 2.556
03...C15 3.18 O4 ... H11B 2.303
0O4...C12 3.028 0O2... H16 2.215
N1....C21 2.999 O3... H3 2.203
N1... H19 2.446 Cl14... C19 3.337
H19... C8 2.621 03...03 2.853
H19... C9 2.542

H4A ... C10 2.669
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4.4. DFT Studies

The optimized structure of 4 using B3LYP/6-31G(d,p) level of theory [36-38] is shown
in Figure 6 along with its overlay with the experimental one. The optimized structure gave
no any imaginary frequencies indicating real energy minimum structure. There are some
expected deviations in the calculated bond distances and angles (Figures S1 and S2, Table
S1, Supplementary data). These deviations are generally attributed to the difference in the
physical state between them, where the calculated structure is for a single molecule while
the experimental structure is in the solid state. The former is free from the environment
effects, while in the latter, the presence of intermolecular forces among molecular units
has a great impact on the geometric parameters. Generally, there are good straight-line
correlations, as shown in Figure 7, between the calculated and experimental geometric
parameters (R? = 0.9963-0.9829).

Figure 6. The calculated structure (A) and its overlay with the X-ray structure (B).

The charges based on NBO calculations were calculated and are presented in Figure 8.
The distribution of the charges at the atomic sites has a great impact on the electronic
properties such as dipole moment. It is clear from Figure 8 that the S-atom has high
electropositive nature (0.4699 e). Additionally, all H- and C-atoms bonded to O or N sites
have positive natural charges. In contrast, the rest of the carbon atoms as well as the N
and O sites are electronegative. As an outcome of this charge distribution, the compound
has a high polar nature (5.5906 Debye). The dipole moment vector is overplayed on the
molecular electrostatic potential (MEP), as shown in Figure 9.
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Figure 7. Correlations between X-ray geometric parameters and calculated data.

In MEP, the most electronegative red regions are close to the carbonyl carbon. In
contrast, the blue electropositive regions are close to the hydrogen sites (Figure 9). In the
same figure, the HOMO and LUMO presentations are also explored. It is clear that the
HOMO and LUMO levels are mainly located over the 7-system of the studied molecule.
The one electron excitation from HOMO to LUMO could be described as an intramolecular
charge transfer from the two fused aromatic rings in the tricyclic system to the ninhydrin
moiety. The energy of this electronic transition is 2.5603 eV.

Additionally, the HOMO (—5.6777 eV) and LUMO (—3.1147 eV) energies were used
to calculate the ionization potential (I = —Exomo), electron affinity (A = —Epymo), chem-
ical potential (u = — (I + A)/2), hardness (n = (I-A)/2) as well as electrophilicity index
(w = u2/2n) [39-45]. Their values were calculated to be 5.6777, 3.1147, —4.3795, 2.5603 and
3.7765 eV, respectively. The calculated parameters have important rule in the biomolecular
reactivity.
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Figure 8. Natural atomic charges of 4.

Figure 9. The MEP, HOMO and LUMO of 4.

4.5. Natural Orbital Analysis

In the light of the importance of electron delocalization (ED) via conjugation effect on
the stability of molecular system, the different electron delocalization processes in 4 were
calculated [46,47]. The o-0*, m—m*, n—0c* and n—7* ED and their stabilization energies
(E@) are listed in Table 5. The maximum stabilization energies are 5.12, 27.20, 30.89 and
53.25 kcal/mol for the BD(1)C34-C46—BD x (1)N8-N10, BD(2)C25-C26—BD x (2)02-C29,
LP(2)O2—BD x (1)N7-C29 and LP(1)N7 —BDx (2)N6-C27 ED processes, respectively.
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Table 5. Donor (NBO;)-acceptor (NBO;) interactions in 4 a

NBO; NBO; E@ NBO; NBO; E@
BD(1)C34-C46 BDx (1)N8-N10 5.12 LP(2)02 BDx (1)N7-C29 30.89
BD(2)04-C35 BDx (2)N10-C34 5.69 LP(2)02 BDx (1)C25-C29 17.44
BD(2)O 5-C46 BDx (2)N10-C34 5.24 LP(2)03 BDx (1)N 8-C33 28.04
BD(2)N 6-C27 BDx (2)C25-C26 19.23 LP(2)03 BDx (1)C30-C33 227
BD(2)N10-C34 BDx (2)04-C35 15.23 LP(2)04 BDx (1)C34-C35 18.69
BD(2)N10-C34 BD x (2)05-C46 14.14 LP(2)04 BDx (1)C35-C36 20.53
BD(2)C11-C24 BDx (2)C25-C26 14.19 LP(2)05 BDx (1)C34-C46 23.52
BD(2)C25-C26 BDx (2)02-C29 27.20 LP(2)05 BD x (1)C45-C46 21.77
BD(2)C25-C26 BDx (2)N6-C27 12.61 LP(1)N6 BDx (1)N7-C27 149
BD(2)C25-C26 BDx (2)C11-C24 16.05 LP(1)N6 BDx (1)C25-C26 9.67
BD(2)C36-C37 BDx (2)O 4-C35 19.79 LP(1)N7 BDx (1)C30-C33 7.26
BD(2)C36-C37 BDx (2)C39-C41 19.37 LP(1)N10 BDx (1)C34-C35 12.11
BD(2)C36-C37 BD x (2)C43-C45 19.79 LP(2)S1 BDx (2)C11-C24 19.16
BD(2)C39-C41 BD x (2)C43-C45 19.23 LP(2)S1 BD x (2)C25-C26 229
BD(2)C39-C41 BD x (2)C36-C37 20.24 LP(1)N8 BDx (2)03-C33 45.77
BD(2)C43-C45 BDx(2)O 5-C46 16.47 LP(1)N8 BDx (2)N10-C34 42.38
BD(2)C43-C45 BD x (2)C36-C37 19.96 LP(1)N7 BD x (2)02-C29 46.69
BD(2)C43-C45 BDx (2)C39-C41 20.07 LP(1)N7 BDx (2)N6-C27 53.25

a E@ in kcal/mol.

5. Conclusions

A new thieno[2,3-d]pyrimidine clubbed with a ninhydrin scaffold linked with hydra-
zone 4 was synthesized from the reaction of either triketoester 1 or ninhyrin 2 with the
thienopyrimidine hydrazide 3 under reflux conditions for 4 h. Different structural char-
acterization tools were used to characterize the structure of the target compound. Single
crystals suitable for X-ray diffraction analysis were obtained from the recrystallization
in DMF/MeOH. The supramolecular structure of the hydrazone 4 was analyzed using
Hirshfeld calculations. DFT calculations were used to calculate the electronic properties
of 4 and predict the different ED processes which stabilize the molecular structure of the
studied compound via electron conjugation.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cryst13030384/s1, X-Ray structure determinations; Figure S1:
"H NMR of compound 4; Figure S2: 13C NMR of compound 4; Table S1: The calculated geometric
parameters of 4 2.
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