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Abstract

The studied organic compound, namely (2Z)-2-(2-chloro-1-phenylethylidene)hydrazine-1-carboxamide was

synthesized via a condensation reaction between semicarbazide hydrochloride and a-chloroacetophenone,

affording a hydrazone—carboxamide derivative in good yield. Its structure was elucidated using single crystal X-

ray crystallography, ATR-FTIR, 'H NMR, BCNMR, DEPT 135°, and Hirshfeld surface analysis. The compound

[Cs¢Hs5-C(CH,CI)N=NH-C(O)NH,] (1), crystallizes in the monoclinic space group P2,/C with Z = 4, a =

10.6213(8) A, b=7.2518(5) A, ¢ = 13.6791(9) A, B = 101.018(7)° and V = 1034.19(13) A3. ATR-FTIR and NMR
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data confirmed the presence of a monosubstituted aromatic ring, a chloromethyl side chain, and a conjugated
hydrazone—amide moiety. Single-crystal X-ray analysis revealed typical metrics consistent with a C=N double
bond and a urea-like C=0O(-NH,) fragment. In the crystal, molecules are linked by directional N-H---O and N—
H:--N hydrogen bonding patterns, giving rise to centrosymmetric R% (8) dimers, extended R% (9) rings, and larger
R2(14) macrocyclic assemblies, generating a two-dimensional supramolecular network parallel to the (100) plane.
Hirshfeld surface analysis supported the dominance of hydrogen bonding in the packing arrangement and
confirmed the absence of significant m-- -7 stacking interactions. These results achieve the critical role of hydrogen

bonding in directing the crystal architecture and stabilizing the structure.

1. Introduction

Over the past two decades, semicarbazones and related hydrazone compounds have played a key role in the
design of countless molecules with interesting functional diversity. Their versatile scaffolds, owing to the
presence of the C=N-NH-C(O)-NH, moiety, allow for both a high synthetic flexibility and intriguing
biological, optical, and electronic properties [1-3]. Such features made them attractive frameworks in various
fields as medicinal chemistry, materials science, and coordination chemistry. Moreover, they aroused
remarkable antimicrobial, anticancer, antimalarial, and neuroprotective properties which are improved through
transition metals or structural modification [4—6]. A high effectiveness against Trypanosomatids, Plasmodium
spp, and cancer cell lines have been reported for thiosemicarbazone and semicarbazone derivatives, acting
through mechanisms as reactive oxygen species generation and ribonucleotide reductase inhibition [4, 6]. For
example, promising in vitro EGFR inhibitions with cytotoxicity toward colon and breast cancer cells were
recorded for some benzothiazoletriazolehydrazone hybrids [7].

Besides their biomedical relevance area, aromatic and conjugated hydrazones frameworks have well shown
nonlinear optical (NLO) and photochromic properties. Indeed, crystalline nitrophenyl hydrazone afford a very
large second harmonic generation (SHG) responses in comparison to urea, making hydrazones’ class of
compound incommensurately promising applications in photonics, optical computing and sensing technologies
[8]. Furthermore, the potential of hydrazone-linked covalent organic frameworks (COFs) in energy conversion
and solar-to-fuel strategies, has been showcased by applying to some of them to visible light driven
photocatalytic hydrogen generation [9].

In another hand, semicarbazone-type ligands play a key role in coordination acting as versatile chelators for
transition metals (Co?", Zn?*, Cu?', Ni*"), growing complexes with excellent catalytic, antimicrobial and
material-functional applications [6]. The DFT and NBO computational recent investigations on such systems,
have further clarified their electronic structure, charge delocalization and reactivity, describing their
HOMO-LUMO gaps, electrophilicity indices and frontier orbital distributions as critical determinants of their
functional behaving [10].

In this work, a new semicarbazide—ketone hydrazone was synthesized via a mild condensation process
reaction and fully structurally characterized on the basis of a comprehensive approach that combines FTIR in
ATR mode and NMR spectroscopies, single-crystal X-ray diffraction and Hirshfeld surface analysis. The
resulting molecular and supramolecular features describe a rich hydrogen-bonded architecture consistent with

the formation of fused ring motifs, highlighting the structural potential of such materials.
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2. Materials and Methods

2.1. General

Chemicals (a-Chloroacetophenone, semicarbazide hydrochloride, sodium hydroxide) were obtained from
Sigma Aldrich and used without any prior purification. The methanol solvent was purchased from Aldrich
company and used as received. The NMR spectra of the compound were recorded on a Bruker Avance 400
MHz spectrometer with a band-end fluorine observation (BBFO) sensor in deuterated acetone at the Aix-
Marseille University (France). The X-ray crystallographic data for 1 were collected using a Rigaku
diffractometer at the Institute of Macromolecular Chemistry (Romania). The Hirsfeld surface analyses were
obtained using CrystalExplorer program version 21.5. The crystal was held at 293 K during data collection. The
structure was solved using SHELXT and refined by SHELXL programs.

2.2. Synthesis of [C¢Hs-C(CH,CI)N=NH-C(O)NH;] (1)

The title compound was synthesized via a condensation reaction between semicarbazide hydrochloride (24
mmol; 2.677 g) and a-chloroacetophenone (24 mmol, 3.708 g). Semicarbazide hydrochloride was preliminary
dissolved in 20 mL of methanol, resulting in a suspension. To neutralize the hydrochloric acid liberated from
the salt, a methanolic solution of sodium hydroxide (12 mmol, 0.48 g in 5 mL MeOH) was added dropwise
under constant magnetic stirring. The resulting mixture became homogenous upon neutralization. Subsequently,
a solution of a-chloroacetophenone (24 mmol; 3.708 g) in 10 mL of methanol was introduced into the reaction
medium, followed by the addition of two drops of glacial acetic acid to catalyze the condensation. The reaction
mixture was then stirred under reflux at 60 °C for 2 hours. Upon completion, the reaction was left to slowly
evaporate at room temperature over a period of two days, yielding colorless single crystals suitable for X-ray
diffraction. The isolated product was obtained in a 75% yield (Scheme 1).

(o]
N
H NH, H = \ o
e MeOH, CH,COOH N
* H,N _— = H
NaOH, Reflux, 60°C

o

Scheme 1: Reaction of the formation of the Schiff base 1.

2.3. X-ray Crystallography

The X-ray crystallographic data of 1 were collected using a Rigaku diffractometer operating at 7 = 293(2)
K. Data was measured using ¢ and ® scans of 0.5° using MoKa radiation (1 = 0.71073 A) under the program
CrysAlisPro 1.171.44.88a [11]. Cell parameters were determined and refined using the program CrysAlisPro
1.171.44.88a [11]. CrysAlisPro 1.171.44.88a [11] program was also used for data reduction. Empirical
absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm was
applied using CrysAlisPro 1.171.44.88a [11].The structure was solved by intrinsic phasing using SHELXT [12]
and refined using least-squares minimization with SHELXL [13].

Programs used for the representation of the molecular and crystal structures: Olex2 [14] and
CrystalExplorer [15]. Crystal data, data collection and structure refinement details for 1 are summarized in
Table 1.
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CCDC 2476340 (1) contains the supplementary crystallographic data for this paper. Copies of these data
can be obtained free of charge from the Cambridge Crystallographic Data Centre (CCDC), 12 Union Road,
Cambridge CB2 1EZ, UK (fax: int. Code +44 1223 336 033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).

Table 1. Crystal data and structure refinement of compound 1

Parameters 1

Empirical formula CoH;,N;0ClI

Formula weight 211.65

Temperature/K 293(2)

Crystal system Monoclinic

Space group P2,/c

a/A 10.6213(8)

b/A 7.2518(5)

c/A 13.6791(9)

a/° 90

pre 101.018(7)

V/° 90

Volume/A3 1034.19(13)

z 4

Pearcg/cm’ 1.359

wmm! 0.340

F(000) 440.0

Crystal size/mm? 04x02x0.2

Radiation MoKa (A =0.71073)

20 range for data collection/° 3.906 to 58.278
-14<h<12

Index ranges -9<k<9
-16</<18

Reflections collected 7168

Independent reflections 2451 [Riy = 0.0324, Ryigma = 0.0402]

http.://www.earthlinepublishers.com
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Parameters 1
Data/restraints/parameters 2451/0/136
Goodness-of-fit on F? 1.034

Final R indexes [[>=2c (I)] R;=0.0589, wR, =0.1346
Final R indexes [all data] R;=0.0954, wR, =0.1554
Largest diff. peak/hole / e A3 0.333/-0.364

RI = S(||F,|-|F.|)/ 2 |F,|; wR2 = [Z w(F,>-F.2)/ X [w(F,2)?]"2 where w = 1/[o*(F,2) + 0.3215P+(0.0616P)*]; ¢
goodness of fit = [X w(F>-F2)?/(N,-N,)] .

3. Results and Discussion

The formation of compound 1 follows a nucleophilic condensation between the hydrazine moiety of
semicarbazide and the carbonyl group of a-chloroacetophenone, giving rise to a hydrazone derivative (Eq. 1).
The addition of sodium hydroxide aimed to neutralize semicarbazide hydrochloride, thereby generating free
nucleophilic species in situ. Subsequent acid-catalyzed condensation, promoted by a catalytic amount of glacial
acetic acid, assisted the efficient formation of the imine (C=N) bond, typical of Schiff base growth as
encountered in the literature [16—18]. Because of their synthetic accessibility, chemical stability, and electronic
tunability, hydrazone’s family compounds are very useful in organic synthesis, coordination chemistry, and
medicinal chemistry [6, 10], where the C=N linkage behaves as a reactive site or coordination center.

NH,
(o] N /K
4 NH, H = \N o
L + NaOH — H +2H,0 *+ NaCl
HaN
0

The structure of compound 1 was elucidated by combination of several approaches i.e. spectroscopic
analysis (FTIR, 'H NMR, *C NMR, and DEPT experiments), single-crystal X-ray diffraction and Hirshfeld

surface analysis.

The ATR-FTIR spectrum (Figure S1) of the title compound was recorded in the 4000—450 cm™ region and
exhibits key absorption bands consistent with the hydrazone, amide, aromatic, and alkyl chloride functionalities.
The absorption bands observed at 3447.62 cm™' and 3340.74 cm™! characteristic of N-H stretching vibrations
are attributed to the hydrazine moiety (-NH—N=) and the amide group (—CONH,), both of which are able to
govern hydrogen bond interactions and often display broadened bands in this region [18]. The broad band
around 3041.38 cm™ corresponds to the aromatic C-H stretching, confirming the presence of the
monosubstituted phenyl ring. Prominently, the amide carbonyl (C=0) group appears at 1693.00 cm™', with the
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nearby vibration recorded at 1665.93 cm™! is assigned to the C=N stretching vibration of the hydrazone linkage.
These two pairing bands confirm the presence of conjugated carbonyl and imine functionalities, which are
central to the structural identity of the compound [10]. The several bands encountered in the region 1602.58—
1434.74 cm! correspond to C=C stretching and in-plane C—H bending vibrations within the aromatic ring. The
vibration at 1602.58 cm™! is particularly indicative of the aromatic C=C skeleton. The absorptions in the 1300-
1100 cm™! region, at 1258.29 cm™!, 1163.3 cm!, and 1144.96 cm™! are assigned to C—N stretching vibrations,
typically observed in amides and hydrazone containing derivatives [6]. Lower frequency band vibrations at
572.02 cm™ and 488.24 cm™! are attributed to C—Cl stretching, corroborating the presence of the chloromethyl
group (—CH,Cl). The spectrum also features multitude strong bands between 839.95 and 688.36 cm™!, consistent
with out of plane bending of aromatic C—H bonds.

The "H NMR spectrum of the studied compound (Figure S2), recorded in acetone-dg, displays four distinct
signals, corresponding to non-equivalent proton environments in the molecule. The multiplet centered at 7.42
ppm is attributed to the five aromatic protons of a monosubstituted benzene ring. The chemical shift and pattern
are typical for such environments, often observed between 7.0 and 7.5 ppm [19]. The singlet at 9.15 ppm
corresponds to the NH proton of the hydrazone fragment (-C=N-NH-). This highly deshielded signal appears
within the expected range for hydrazone NH protons, which typically resonate between 8.5 and 10.5 ppm,
particularly in solvents like acetone-ds where hydrogen bonding interactions are weakly present [20]. The
singlet at 5.63 ppm is assigned to the NH, group of the terminal amide moiety. Indeed, in acetone-ds, amide
NH, signals often appear slightly upfield compared to DMSO-dys due to weaker hydrogen bonding interactions,
with values often ranging from 5.0 to 6.5 ppm [21]. The singlet at 4.57 ppm is attributed to the methylene
protons (CH,) of the CH,Cl group, appearing in the expected region between 3.5 and 4.5 ppm. The slight
downfield shift here is likely due to electrons withdrawing effects from both the adjacent chlorine atom and
conjugated imine [22].

Although compound 1 contains eight carbon atoms, within the spectral window of the *C NMR experiment
(0-150 ppm) only seven distinct resonances are observed (Figure S3). This apparent conflict arises from partial
overlap of the aromatic carbon signals, which is common in monosubstituted phenyl rings due to similar
electronic environments and magnetic equivalence of certain positions. The seven distinct carbon signals are
consistent with the number of magnetically non-equivalent carbon environments. The five signals between
125.98 and 129.50 ppm are attributed to the aromatic CH carbons of the benzene ring, in accordance with
literature values for protonated sp? carbons within substituted phenyl rings. The signal at 33.42 ppm is assigned
to the methylene carbon (CH,) of the CH,Cl fragment, whose position is in good agreement with known values
for terminal aliphatic carbons bearing halogen substituents (30-50 ppm). The signal at 48.85 ppm is attributed
to the quaternary benzylic carbon, connecting the aromatic ring, the CH,Cl group, and the hydrazone nitrogen.It
is noteworthy to outline that the spectral window of the 3C NMR experiment, limited to 0—150 ppm, excludes
the typical resonance region of amide carbonyl carbons (160-180 ppm). As result, the expected carbonyl signal
could not be observed in the spectrum, and its absence should not be interpreted as evidence of non-existence.
The carbonyl carbon is still expected to appear within its conventional range [22], however experimental

confirmation would require acquisition over a broader spectral window.

The DEPT 135° spectrum (Figure S4) reveals six distinct resonances: five in positive phase, and one in
negative phase. The five positive-phase signals correspond to the five aromatic CH carbons. The single
negative-phase signal observed at 33.38 ppm is consistent with the methylene group of the CH,Cl group, which
appears in inverted phase due to its CH, character. Importantly, the signal at 48.85 ppm in the 3C NMR
spectrum corresponding to the benzylic carbon, is absent from the DEPT 135° spectrum, confirming it is a non-
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protonated quaternary center. Likewise, the carbonyl carbon (C=0) is not visible, as expected for a quaternary
carbon without attached protons.

These results confirm the structure of the compound as comprised of a monosubstituted aromatic ring, a
CH,CI side chain, and a hydrazone—carboxamide moiety, with spectral features entirely consistent with the
proposed molecular framework.

Compound 1 crystalized as clear intense colorless prism-like crystals in the centrosymmetric monoclinic
space group P2,/C with 4 molecules per unit cell. The asymmetric unit is comprised of one molecule and is depicted
in Figure 1.

Figure 1. View of the asymmetric unit of 1 showing 50% probability ellipsoids for atoms and the
crystallographic numbering scheme [atom color code: H, turquoise; C, black; N, blue; O, red; Cl, green].

The aromatic ring shows C—C bond lengths ranging from 1.372(5) to 1.391(3) A, and internal C-C-C
angles between 118.2(2)° and 120.7(3)°, consistent with typical characteristic values within regularly
substituted benzene ring, with minimal deviation from ideal hexagonal arrangement, and closely match those
observed in similar mono-substituted phenyl derivatives [23].The benzylic C—C bond between the phenyl ring
and the adjacent carbon atom of 1.482(3) A, is in accordance with standard sp>—sp® bond distances, often found
in the range 1.48-1.50 A for phenyl-alkyl junctions [24].The C=N double bond length of 1.286(3) A (N1-C7)
is typical for Schiff base-type imines, with reported literature values ranging between 1.27 and 1.30 A
depending on the conjugation and substitution [25]. The adjacent N1-N2 bond length of 1.370(3) A is also
within the expected range for N-N single bonds in hydrazone derivatives (1.36-1.38 A) [26], supporting the
hydrazone nature of the linkage. Similar geometrical features have also been observed in related hydrazones
which describe extended conjugation [27]. The C9-O1 bond length (Table 2), is clearly consistent with a
carbonyl (C=0) double bond in an amide or urea-like environment, where literature values are encountered
within 1.22-1.24 A [28, 29]. The adjacent C9-N3 (1.336(3) A) and C9-N2 (1.368(3) A) bond lengths reflect
partial double bond character due to a = delocalization, as observed in symmetrical urea or semicarbazide-type
derivatives [30]. Such bond metrics are commonly reported for hydrogen-bonded urea frameworks [31,
32].Similar values have also been confirmed in some recently reported urazole-based hydrazone—amide hybrids
[33].The C8-Cl1 bond value of 1.761(3) A is slightly elongated but still within the typical range for alkyl
chlorides, often between 1.75 and 1.78 A [34]. The angles at the hydrazone junction around N1 and C7
appearing between 118° and 124° (Table 2), are consistent with a planar, conjugated —C=N-NH- system,
promoting n-delocalization [26, 27]. The angles around the carbonyl carbon C9 (see Table 2 for details) reflect
the sp? hybridization of the carbon as well as the partial delocalization of electron density over the amide
group.The bond angles around the C7 benzylic carbon (see Table 2 for details) deviate slightly from the ideal
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tetrahedral geometry, yet suggesting planarization because of conjugation with the imine nitrogen and steric
compromise of the neighboring substituents.

The geometric parameters strongly ascertain a delocalized electronic structure of the molecule and are in
accordance with metrics encountered in recent structural investigations involving urea and hydrazone-

containing materials [28—34].

Table 2. Selected prominent geometric parameters (A, °) for compounds 1.

1
Atom-Atom Bond length Atom-Atom Bond length
Cl1-C8 1.761 (3) C1-C2 1.387 (4)
01-C9 1.232 (3) C7-C8 1.504 (3)
NI1-N2 1.370 (3) C1-C6 1.391 (3)
NI1-C7 1.286 (3) C6-C5 1.385 (4)
N2-C9 1.368 (3) C2-C3 1.379 (4)
N3-C9 1.336 (3) C5-C4 1.372 (5)
C7-Cl 1.482 (3) C4-C3 1.374 (5)

Atom-Atom-Atom

Angle value

Atom-Atom-Atom

Angle value

C7-N1-N2 121.32 (18) C2-C1-C7 122.1 (2)
C9-N2-N1 118.61 (18) C2-C1-C6 1182 (2)
01-C9-N2 120.25 (19) C7-C8-Cll 110.82 (16)
01-C9-N3 122.5 (2) C5-C6-C1 120.6 (3)
N3-C9-N2 117.3 (2) C3-C2-C1 120.7 (3)
N1-C7-C1 115.61 (19) C4-C5-C6 120.5 (3)
N1-C7-C8 124.7 (2) C5-C4-C3 119.4 (3)
C1-C7-C8 119.67 (19) C4-C3-C2 120.7 (3)
C6-C1-C7 119.7 2)

From a supramolecular perspective, the primary motif arises from intermolecular N-H---O hydrogen bonds
involving the amide nitrogen (N2—H2) and the carbonyl oxygen (O1) (Figure 2, Table 3). These interactions
occur between two symmetry-related molecules related by an inversion center at [0.5, 1, 0.5], resulting in the
formation of discrete centrosymmetric dimers. The dimeric motif generates a classical eight-membered ring,
described by the graph-set notation as R3(8) (Figure 2) [35], and forms the fundamental building block of the
crystal structure. The dihedral angle between R3 (8) ring plane and phenyl ring plane is of 30.2(2)°.

http.://www.earthlinepublishers.com
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Figure 2. Ortep view of 1 showing 50% probability ellipsoids for atoms describing the organization into a

dimer affording an 8-membered R% (8)ring [atom color code: H, white; C, black; N, blue; O, red; Cl, green].

Table 3. Hydrogen-bonds and interactions geometry in the crystal of 1 [Symmetry codes: (i) —x+1, —y+2, —z+1;
(i) —=x+1, y—1/2, —z+1/2; (iii) —x+1, y+1/2, —z+1/2.

D-HA d(D-H) d(H- - A) d(D--A) AD-H-A)
N2-H2:--Oli 0.86(3) 2.01(3) 2.868(2) 174.3(19)
N3-H3A--N1 0.82 2.15 2.636(3) 118
N3-H3A:--Oli 0.82 2.47 3.044(3) 128
N3-H3B:--N1i 0.87(2) 2.342) 3.199(3) 170(2)
C8-H8A" N2 0.97 2.50 2.855(3) 102
C8-H8A---Oli 0.97 2.36 3.228(3) 149

Each molecule of the dimeric unit is further connected to two neighboring molecules via additional
hydrogen bonding interactions, giving rise to nine-membered rings, R3(9), that extend the hydrogen-bonding
network beyond the initial dimeric unit (Figure 3). These R5(9) rings are formed by N-H:--O and N-H---N
hydrogen bonds, particularly involving the amino group (N3—H) as donor and either the carbonyl oxygen (O1)
or the imine nitrogen (N1) as acceptors. Thus, each dimer participates in four similar interactions, leading to the
fusion of four R3(9) rings with the central R3(8) dimer unit (Figure 4). Hence, each dimer is surrounded by
four dimers with dihedral angle between the central R3(8) ring and each of the four R3(8) rings of 54.9(8)°.

Earthline J. Chem. Sci. Vol. 12 No. 4 (2025), 379-396
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Figure 3. View of a molecule, involved in a dimeric pattern, to be surrounded with a d,., decorated Hirshfeld
Surface and its surrounding molecules in ball and stick presentations for compound 1 (a). The red areas indicate
H--*N and H---O contacts. The outline of the full fingerprint contribution (b), most important type of
interactions H---O/O---H (¢), H--*N/N---H (d), H---Cl/CI---H (d), H---C/C---H (f), and H---H (g) interactions in
the fingerprint plot diagram.
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Figure 4. Ortep view of 1 (50% probability ellipsoids for atoms) describing the dimer surrounded by four
neighbors affording a R%(8) ring fused by four R% (9) rings [atom color code: H, white; C, black; N, blue; O,
red; Cl, green].

Close inspection of the hydrogen-bonding network reveals that this combination of interactions further
interconnects two hydrogen-bonded dimers with two additional molecules from adjacent dimers, assembling

into larger macrocyclic rings composed of 14 atoms, described by the graph-set R§(14) (Figure 5).

Figure 5. Ortep view of 1 showing 50% probability ellipsoids for atoms describing the R§(14) ring between
two dimers and two molecules from two other dimers, both hydrogen bond interconnected [atom color code: H,
white; C, black; N, blue; O, red; CI, green]. For clarity, only one molecule from each of the two hydrogen-
bonded dimers is fully represented. In the second molecule of each dimer, only the benzylic carbon atom is

shown.

These R§(14) rings are fused with the existing R5(9) and R5(8) motifs, contributing to a dense and
continuous two-dimensional hydrogen-bonded layer (Figure 6).The overall hydrogen-bonding pattern gives rise
to a supramolecular sheet, which propagates parallel to the (100) crystallographic plane (Figures 6 and 7).
Despite the presence of expanded hydrogen-bonding interactions, the supramolecular assembly shows limited
growth along the crystallographic a-axis, indicating a pronounced layered character of the structure (Figures 6

Earthline J. Chem. Sci. Vol. 12 No. 4 (2025), 379-396
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and 7).The hierarchical organization of dimers, fused rings, and extended layers point up the critical role of
directional N-H:--O and N-H---N hydrogen bonds in growing the self-assembly and topological complexity of
the crystal packing (Figures 6 and 7). This kind of hierarchical assembly into fused ring motifs is a recurring
topology in recent hydrogen-bonded urea and semicarbazone derivatives [33, 34], affording a useful

comparison with the layer-like framework observed for 1.

Figure 6. Ortep view of 1 (50% probability ellipsoids for atoms)layer-like structure along the (100) plane [atom
color code: H, white; C, black; N, blue; O, red; Cl, green].

Figure 7. Ortep view of 1 (50% probability ellipsoids for atoms) showing the layers stacking along the (011)
plane(a), along the (010) direction (b), and along the (001) direction (c) [atom color code: H, white; C, black; N,
blue; O, red; Cl, green].

http.://www.earthlinepublishers.com
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To gain further insight into the intermolecular interactions governing the crystal packing, a Hirshfeld
surface analysis was performed using CrystalExplorer 21.5 [15]. The analysis enables quantitative assessment
of close contacts between molecules by partitioning the crystal electron density into molecular fragments. The
Hirshfeld surface mapped over d,.., (Figure 8(a)) reveals intense red spots near the carbonyl oxygen atom and
around the N—H and NH, protons, indicating the presence of strong hydrogen-bonding interactions, consistent
with the N-H---O and N-H---N contacts identified in the crystallographic analysis.

Figure 8. Hirshfeld surface of compound 1 mapped over d,,m(a),the Shape Index (b) and Curvedness (c),
highlighting close intermolecular contacts. Red spots indicate regions of close contact in particular N-H---O
and N-H---N hydrogen bonds, and the absence of 7---m stacking.

The corresponding 2D fingerprint plots (Figure 3) provide a breakdown of the intermolecular contacts, with
the relative contributions of various interactions. H---H contacts (32.7%) represent the largest contribution to
the surface, a common feature in organic molecular crystals due to the ubiquity of hydrogen atoms and van der
Waals interactions. However, these interactions are weak and non-directional. H---Cl/Cl---H interactions
(20.1%) form the second-largest contribution, suggesting significant close contacts between the chloromethyl
group and surrounding hydrogen atoms. This indicates the potential involvement of Cl as a weak acceptor in C—
H---Cl interactions, which may contribute to local packing stability. H---C/C:--H interactions (16.6%) reflect
C-H---m or edge-to-face aromatic interactions, common in systems with aromatic rings and methyl/methylene
groups. H---O/O---H contacts (14.9%) highlight the key role of hydrogen bonding between NH/NH: groups and
the carbonyl oxygen, which are crucial for the formation of R3(8) and R§(14) motifs observed in the crystal
structure.H---N/N---H interactions (9.1%) are also significant, and correspond to N-H---N hydrogen bonds
involving the imine nitrogen as acceptor, contributing to the extended R%(9) ring. The absence of -7 stacking
interactions is confirmed by the Hirshfeld surface analysis. The Shape Index map (Figure 8(b)) lacks the
characteristic red/blue complementary patches, and the absence of extended flat areas within the Curvedness
surface (Figure 8(c)), rule out significant face-to-face aromatic contacts.

These results corroborate the hydrogen-bonding motifs identified in the solid-state structure and display
that, despite the dominance of dispersive H---H contacts, the directional H---O and H:--N interactions are the
main contributors to the supramolecular architecture.
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4. Conclusion

In this study, the title semicarbazide—ketone hydrazone compound was successfully synthesized through a
straightforward nucleophilic condensation of semicarbazide hydrochloride with a-chloroacetophenone under
mild conditions. The structure of the compound was elucidated using ATR-FTIR and NMR spectroscopies, and
single-crystal X-ray diffraction. The spectroscopic data provided clear evidence of the presence and chemical
environment of all key functional groups, while the DEPT 135° confirmed the nature of the protonated and non-
protonated carbon centers. Single-crystal X-ray analysis corroborated the molecular structure and revealed
precise geometrical parameters in agreement with expected values for hydrazone and amide fragments. The
crystal packing is governed by a rich hydrogen-bonding pattern involving N-H:---O and N-H---N interactions,
giving rise to discrete dimers, fused ring motifs R3(8), R3(9), and R§(14), and ultimately an extended two-
dimensional supramolecular layer-like structure. Furthermore, the absence of m---m stacking interactions, as
evidenced by Hirshfeld surface maps of the Shape Index and Curvedness, reinforces the dominance of
directional N-H---O and N-H:--N hydrogen bonds in stabilizing the crystal packing. This highlights the
significant role of hydrogen bonding in shaping the supramolecular architecture of the compound. This type of
compounds is not only valuable in medicinal chemistry because of their wide range of biological activities, but
also serves as strategic building blocks in materials science, where their supramolecular behavior and electronic
characteristics give incommensurate opportunities in chemosensing, optoelectronic and molecular recognition
applications. The detailed structural insight described here contributes to a deeper comprehension of structure—
property relationships in hydrazone- and urea-like materials and may, in the future, promote the rational design
of homologous or related functional materials.
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Figure S1. ATR-FTIR spectrum of compound 1.
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Figure S2. 'H NMR spectrum of 1 dissolved in acetone.
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Figure S3. 3C NMRspectrum of 1dissolved in acetone.
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Figure S4. DEPT 135°spectrum of 1dissolved in acetone.
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