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ABSTRACT 
	Hydrazinyl and thiosemicarbazide derivatives were used for synthetizing two new dissymmetrical Schiff bases. and 1-benzylidene-4-(4-chlorophenyl)thiosemicarbazide (H2L2) (2), respectively. Compound (1) (((2-hydroxyphenylmethylidene)hydrazinyl)pyridine (H2L1)) was firstly prepared by condensation reaction of hydrazinyl pyridine  and salicylaldehyde in 1:1 ratio. Secondly, compound 2 (1-benzylidene-4-(4-chlorophenyl)thiosemicarbazide (H2L2)) was obtained by condensation reaction of 4-(4-chlorophenyl)thiosemicarbazide and benzaldehyde in 1:1 ratio. The prepared compounds were characterized by elemental analysis, infrared and 1H and 13C NMR spectroscopy techniques, and the structure of both compounds were determined by single-crystal X-ray diffraction study. The compound 1 C12H11N3O crystallizes in the monoclinic space group P21/n with the following unit cell parameters: a = 4.6160(2) Å, b = 20.6357(10) Å, c = 10.8811(5) Å, β = 94.296(4)°, V = 1033.56(8) Å3, Z = 4, T = 100(2) K, μ(MoKα) = 0.090 mm-1, Dcalc = 1.370 g/cm3, 16993 reflections measured (3.37° ≤ θ ≤ 32.50°), 3479 unique (Rsigma = 0.070) which were used in all calculations. The final R1 was 0.057 (I > 2σ(I)) and wR2 was 0.162 (all data). The compound 2 C14H12ClN3S crystallizes in the triclinic space group Pī with the following unit cell parameters: a = 4.6310(1) Å, b = 10.5141(3) Å, c = 14.7505(5) Å, α = 79.549(3)°, β = 82.754(3)°, γ = 77.539(3)°, V = 686.82(4) Å3, Z = 4, T = 100(2) K, μ(MoKα) = 0.42 mm-1, Dcalc = 1.387 g/cm3, 22232 reflections measured (3.71° ≤ θ ≤ 32.39°), 4719 unique (Rsigma = 0.068) which were used in all calculations. The final R1 was 0.081 (I > 2σ(I)) and wR2 was 0.2112 (all data). In the structure of 1, the oxygen atom O1 of the hydroxyl group and the pyridine nitrogen atom N3 are not in the same side of the molecule avoiding intramolecular hydrogen bonding interaction between them. The crystal packing of compound 1 is stabilized by O(phenol)–H···N(hydrazinyl) and intermolecular N(hydrazinyl)–H···N(pyridine) hydrogen bonds which form layers parallel to a axis. In the structure of 2, the molecule adopts an E configuration relative to the C2—N2 bond. The crystal packing of compound 2 is stabilized by intramolecular N(amine)–H···N(azomethine)  and intermolecular N1(thiosemicarbazide)–HN1···S1i(thiocarbonyl) hydrogen bonds and intermolecular which form layers parallel to the b axis. 




Introduction 
For several decades, hydrazone ligands obtained by the condensation of carbonyl compounds and compounds with an -NH2 motif, such as amines, hydrazides, or hydrazino, have attracted increasing interest due to their observed chemical and pharmacological properties and their ease of synthesis in inexpensive organic solvents such as ethanol, methanol, chloroform, or dichloromethane [1–5]. Derivatives of hydrazinylpyridine have been extensively studied in our research group [6–11]. Indeed, several ligands derived from hydrazinylpyridine have been synthesized and used in the formation of transition metal or lanthanide complexes [12–17]. Some of these compounds have shown antioxidant [18, 19], antitumor [20], antiviral [21], and anti-inflammatory [22] activities. Thiosemicarbazide derivatives have been used successfully for the preparation of complexes with transition metals [23–25]. Thiosemicarbazide (H₂NNHCSNH₂) is an asymmetric compound with two non-identical groups around the –C(=S)– functional group and exhibiting different reactivities towards carbonyl compounds. Controlling the thiosemicarbazide/ketoprecursor ratio and the reaction conditions allows the synthesis of asymmetric compounds by condensation [26, 27]. These derivatives can possess one or two arms that can coordinate, via the sulfur atom or nitrogen atoms, to one or more metal ions [26, 28, 29]. The structure of several molecules derived from thiosemicarbazide and their metal complexes has been determined over the past few decades [29–31]. Thiosemicarbazide derivatives have also been shown to possess interesting biological properties. Compounds with antibacterial [32], antifungal [33] and antituberculosis [34] activities have been reported in the literature. In this article, we present the synthesis, spectroscopic characterization and crystal structure of two molecules derived from the precursors hydrazinyl pyridine and phenylthiosemicarbazide.

MATERIAL AND METHODS
Materials and instrumentation
2-hydrazinylpyridine, thiosemicarbazide, salicylaldehyde and benzaldehyde, were purchased from Sigma-Aldrich and used as received without further purification. All solvents used were of reagent grade. Elemental analyses of C, H and N were recorded on a VxRio EL Instrument. Infrared spectra were obtained on an FTIR Spectrum Two of Perkin Elmer spectrometer in the 4000-400 cm-1 region. The 1H and 13C NMR spectra of the Schiff bases were recorded in DMSO-d6 on a BRUKER 400 MHz spectrometer at room temperature using TMS as an internal reference. 
Synthesis of ((2-hydroxyphenylmethylidene)hydrazinyl)pyridine (H2L1) (1)
[bookmark: _Hlk186821866]The ligand H2L1 was synthetized following the procedure reported in the literature [35]. To a solution of salicylaldehyde (0.3364 g, 3 mmol) in 10 mL of ethanol was added a solution of hydrazinyl pyridine (0.3274 g, 3 mmol) in 10 mL of ethanol. The mixture was heated under reflux for ten hours. The solvent was evaporated to dryness, and the solid was washed with cold ethanol (3 x 5 mL). The powder  was collected and recrystallized from ethanol solution. On standing for one week, white crystals suitable for X-ray single crystal diffraction analysis were collected. Yield : 75 %. FT-IR (, cm-1): 3376, 3215, 2989, 2914, 1635, 1538, 1506, 1377, 1312, 1076, 807. Anal. calcd. for C12H11N3O: C, 67.59; H, 5.20; N, 19.71. Found: C, 67.55;  H, 5.17; N, 19.68 %. 1H NMR (400 MHz, DMSO-d6, δ (ppm)): 10.93 (s, 1H, HO-), 10.52 (s, 1H, HN-), 8.29 (s, 1H, HC=N), 8.13 (dd, J = 5.0, 1.9 Hz, 1H, HAr), 7.69 – 7.61 (m, 1H, HAr), 7.58 (dd, J = 7.7, 1.8 Hz, 1H, HAr), 7.19 (td, J = 7.8, 1.8 Hz, 1H, HAr), 7.05 (d, J = 8.3 Hz, 1H, HAr), 6.87 (dd, J = 13.8, 7.5 Hz, 2H, HAr),, 6.77 (dd, J = 7.2, 4.8 Hz, 1H (14)). 13C NMR (101 MHz, DMSO-d6, δ (ppm)):156.21 (C=N), 155.75 (CAr-OH), 147.79 (CAr), 138.45 (CAr), 137.86 (CAr), 129.51 (CAr), 127.00 (CAr), 120.29 (CAr), 119.19 (CAr), 115.85 (CAr), 114.85 (CAr), 105.95 (CAr). LC/MS (ESI, 70 eV, ion positif), m/z = 214,10 [M+H] +.  FT-IR (, cm-1) : ν(OH)= 3340 ; ν(NH)= 3190 ; ν(C=N) = 1591.
Synthesis of 1-benzylidene-4-(4-chlorophenyl)thiosemicarbazide (H2L2) (2)
[bookmark: _Hlk186826829]The ligand H2L2 was synthetized following the procedure reported in the literature [35]. To a solution of benzaldehyde (0.3184 g, 3 mmol) in 10 mL of ethanol was added a solution of 4-(4-chlorophenyl)thiosemicarbazide (0.6050 g, 3 mmol) in 10 mL of ethanol. The mixture was heated under reflux for twelve hours. On cooling in ice-bath, white precipitate appears. The solid was collected and washed with cold ethanol (3 x 5 mL). The resulting powder  was collected and recrystallized from ethanol solution. On standing for one week, white crystals suitable for X-ray single crystal diffraction analysis were collected. Yield : 55 %. FT-IR (ν, cm-1): 3332, 3161, 2989, 1589, 1546, 1439, 1310, 1234, 1057, 815. Anal. calcd. for C14H12ClN3S: C, 58.00; H, 4.14; N, 14.47; Cl, 12.20; S, 11.00. Found: C, 58.03; H, 4.17; N, 14.50; Cl, 12.23; S, 11.07 %. 1H NMR (400 MHz, DMSO-d6, δ (ppm)): 11.92 (s, 1H, HN-), 10.16 (s, 1H, HN-), 8.16 (s, 1H, HC=N-), 7.95 – 7.86 (m, 2H, HAr), 7.65 – 7.57 (m, 2H , HAr), 7.42 (dd, J = 5.8, 3.2 Hz, 5H , HAr). 13C NMR (101 MHz, DMSO-d6, δ (ppm)): 176.01 (C=S), 143.21 (C=N), 138.08 (CAr-N), 133.93 (CAr), 130.14 (CAr), 129.74 (CAr), 128.67 (CAr), 128.37 (CAr-Cl), 127.69 C (CAr), 127.57 (CAr). LC/MS (ESI, 70 eV, ion positif), m/z = 290,0 [M+H] +.  m/z = 578,8 [2M + H] +. FTIR (, cm-1) : ν(NH)= 3139 ; 2977 ν(C=N) = 1585, ν(C=S) = 1057.  
X-ray data collection, structure determination, and refinement 
[bookmark: _Hlk100123129]Single crystals of 1 and 2 were grown by slow evaporation of ethanol solution of the corresponding complex. Suitable crystals were selected and mounted on a Rigaku Oxford Diffraction SuperNova diffractometer at the MoKα radiation for compounds 1 and 2. The crystals were kept at 100(2) K during data collection. Details of the X-ray crystal structure solution and refinement are given in Table 1. Using Olex2 [36], the structure was solved with the SHELXT [37] structure solution program using direct methods and refined with the SHELXL [38] refinement package. The crystallographic details of compounds 1 and 2 are summarized in Table 1, and the bond lengths, bond angles of compounds 1 and 2 are listed in Tables 2, respectively.
Table 1. Crystal data and details of the structure refinement for compounds 1 and 2.
	[bookmark: _Hlk214356927]Chemical formula
	C12H11N3O (1)
	C14H12ClN3S

	Mr
	213.24
	289.04

	Temperature (K)
	100(2)
	100(2)

	Radiation type
	Mo Kα
	Mo Kα

	Crystal system 
	Monoclinic 
	Triclinic

	Space group
	P21/n
	Pī

	a (Å)
	4.6160 (2)
	4.6310 (1)

	b (Å)
	20.6357 (10)
	10.5141 (3)

	c (Å)
	10.8811 (5)
	14.7505 (5)

	 (°)
	90
	79.549 (3)

	β (°)
	94.296 (4)
	82.754 (3)

	 (°)
	90
	77.539 (3)

	V (Å3)
	1033.56 (8)
	686.82 (4)

	Z
	4
	2

	Dcal (g.cm-3)
	1.370
	1.387

	µ (mm−1)
	0.09
	0.42

	Crystal size (mm)
	0.17 × 0.10 × 0.08
	0.12 x 0.10 x 0.07

	 θ range (°)
	3.37-32.50
	3.71-32.39

	Absorption correction
	Multi-scan
	Multi-scan

	Index ranges
	-6 ≤ h ≤ 6,
 -29 ≤ k ≤ 30, 
-16 ≤ l ≤ 15
	-6 ≤ h ≤ 6, 
-15 ≤ k ≤ 15, 
-22 ≤ l ≤ 22

	Tmin, Tmax
	0.209, 1.000
	0.611, 1.000

	No. of measured reflections
	16993
	22232

	No. of independent reflections
	3479
	4719

	No. of observed [I > 2σ(I)] reflections
	2272
	3552

	Rint
	0.070
	0.068

	R[F2 > 2σ(F2)] 
	0.057
	0.081

	wR(F2)
	0.162
	0.211

	GOF
	1.04
	1.10

	No. of reflections
	3479
	4719

	No. of parameters
	189
	210

	Δρmax, Δρmin (e Å−3)
	0.41, −0.21
	1.71, −1.63




Results and discussion
Synthesis and spectroscopic studies
The acyclic Schiff bases ligands H2L1 (1) and H2L2 (2) were prepared following a method in the literature [35]. The synthesis of 1 was achieved in one step procedure by the condensation reaction between salicylaldehyde and hydrazinyl pyridine in quantitative yield while the synthesis of 2 was carried with the same procedure using benzaldehyde and 4-(4-chlorophenyl)thiosemicarbazide. Both infrared spectra of the ligands reveal a broad band between 3300 and 3400 cm-1 which are attributable to the OH vibrations of the phenol and lattice water groups.  The NH bands are pointed at 3215 cm-1 for 1 and 3161 cm-1 for 2. The band pointed at 1635 cm-1 in the spectrum of 1 and the band at 1589 cm-1 in the spectrum of 2 were assigned to the C=N vibration of the imine groups. The band pointed at 1276 cm-1 is attributed to the C–O vibration in 1. The bands observed in the range 2990 and 2914 cm-1, in both spectra, are attributed to the methylene groups. Bands characteristic of phenyl ring are pointed in the region 1450-1560 cm-1. Additionally, spectrum of 2 shows at 1057 cm-1 an intense band attributed to the C=S group of the thiosemicarbazide moiety. The 1H NMR spectrum of the ligand 1 recorded in DMSO-d6 reveals singlet spotted at 10.93 ppm which is attributed to the phenolic proton Ar–OH. The signal pointed at 10.52 ppm as singlet is due to the proton of the -NH group of the hydrazinyl moiety. The signal pointed at 8.29 ppm was assigned to the protons of the imine function (HC=N). Signals observed in the range [8.13–6.87] ppm as a multiplet are assigned to the aromatic protons. The 13C NMR shows a signal at 155.75 ppm attributed to the azomethine carbon atom (C=N). The signal at 156.21 ppm is assigned to the Cipso–OH of the phenol ring. The 1H NMR spectrum of the ligand 2 recorded in DMSO-d6 reveals two singlet signals at 11.92 ppm and 10.16 ppm which are attributed to the two -NH protons. The signal pointed at 8.16 is due to the protons of the imine function (HC=N). Signals due to the aromatic protons were observed in the range [7395–7.42] ppm as a multiplet. A characteristic signal due to the azomethine carbon atom is pointed at 143.21 ppm. The signal due to thiocarbonyl carbon atom is pointed at 176.01 ppm.

Description of the structures
Structure of compound 1
Compound 1 crystallizes in the monoclinic system with P21/n space group. The molecular structure of 1, shown in Fig. 1, is almost planar, with the dihedral angle between the pyridyl and hydroxy substituted benzene rings being 2.08 (3)°. The torsion angles values of -179.67 (12)° [C7—N1—N2—C8] and 179.42 (11)° [N2—N1—C7—C2] (Table 2) confirm this observation as shoved in closely related structures [39, 40]. The N1—N2 and C1—O1 bond lengths of 1.3641 (16) Å and 1.3594 (17) Å, respectively indicate single-bond character for these bonds, the N1—C7 bond length of 1.2861 (18) Å, indicates double-bond character (Table 2). Bond distances for compound 1 are comparable to those found in similar structures [39, 41]. The conformation about the C7=N1 bond is E. The nitrogen atom of the pyridine ring and the hydroxyl group of the phenol moiety are not on the same side of the molecule, preventing intramolecular hydrogen bonding interactions between them. The crystal packing of compound 1 is stabilized by intra-molecular O(phenol)–H···N(hydrazinyl) and intermolecular N(hydrazinyl)–H···N(pyridine) hydrogen bonds which form layers parallel to a axis. Additional C–H···O hydrogen bonds consolidate the structure. In the crystal, intramolecular and intermolecular hydrogen bonds are simultaneously present. The intramolecular hydrogen bond O1(phenol)–H···N1(azomethine) forms a six-membered S(6) ring. Intermolecular hydrogen bonds, N2(hydrazinyl)–H···N3i(pyridine) (i: -1-x, -y, 2-z) connects the molecules by pairs  N–H···N bond leading to the formation dimers with and  motif (Figure 2, Table 3). Additional C10–H10···O1ii(phenol) (ii: -x, -y, 1-z) connect the dimers and consolidate the structure into a three-dimensional network (Figure 3, Table 3). 

Table 2. Selected geometric parameters (Å, °) for  1 and 2. 
	1
	2

	O1—C1
	1.3594 (17)
	S1—C1
	1.671 (2)

	N1—C7
	1.2861 (18)
	Cl1—C12
	1.741 (3)

	N1—N2
	1.3641 (16)
	N1—C1
	1.356 (3)

	N2—C8
	1.3765 (18)
	N1—N2
	1.379 (3)

	N3—C8
	1.3405 (17)
	N2—C2
	1.278 (3)

	N3—C12
	1.3470 (18)
	N3—C1
	1.340 (3)

	C7—N1—N2
	117.89 (12)
	N3—C9
	1.418 (3)

	N1—N2—C8
	119.17 (12)
	C1—N1—N2
	118.5 (2)

	N1—C7—C2
	121.22 (13)
	C2—N2—N1
	116.2 (2)

	N3—C8—N2
	114.87 (12)
	C1—N3—C9
	126.9 (2)

	C7—N1—N2—C8
	−179.67 (12)
	N3—C1—S1
	125.00 (19)

	N2—N1—C7—C2
	179.42 (11)
	N1—C1—S1
	121.05 (18)

	
	
	C10—C9—N3
	124.5 (3)

	
	
	C1—N1—N2—C2
	−177.7 (2)

	
	
	N2—N1—C1—N3
	−1.3 (4)

	
	
	N2—N1—C1—S1
	179.59 (18)




[image: Une image contenant carte, texte]
	Figure 1. The crystal structure of complex 1. Displacement ellipsoids are drawn at the 30% probability level.


Table 3. Hydrogen-bond geometry (Å, °) of compound 1.

	D—H···A
	D—H
	H···A
	D···A
	D—H···A

	O1—H1···N1
	0.98 (2)
	1.74 (2)
	2.6325 (15)
	150.1 (19)

	N2—H2···N3i
	0.99 (2) 
	2.07 (2)
	3.0551 (17)
	173.9 (16)

	C10—H10···O1ii
	0.98 (2)
	2.43 (2)
	3.3713 (18)
	159.9 (14)


           Symmetry codes: (i): -1-x, −y, 2-z; (ii): −x, −y, 1-z.



[image: Une image contenant capture d’écran, ligne
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Figure 2. Plot along a axis showing the inter and intramolecular hydrogens bonds in the crystal.

[image: Une image contenant croquis, dessin, art]

Figure 3. The packing of the compound 1 in the crystal structure.

Structure of compound 2
Compound 2 crystallizes in the triclinic system with Pī  space group. The molecular structure of the compound 2 with atomic labelling scheme is shown in Figure 4. The asymmetric unit of compound 2 consists of one molecule of the dissymmetrical Schiff base ligand. Crystal structure reveals that the organic molecule adopts the thioketo form, as showed by bond length of 1.671 (2) Å for C1–S1 which is double bond character. The bond value is comparable to those observed for 1,2-bis(N-benzoylthioureido)benzene [1.6574 (18) Å] [42]. The C2–N2 has a double bond character with a distance value of 1.278 (3)Å (Table 2). The bond lengths values of 1.356 (3) and 1.340 (3) Å for C1–N1 and C1–N3 are indicative of single bond character [42, 43]]. The torsion angles C1–N1–N2–C2 (-177.7 (2)°), N2–N1–C1–N3 (-1.3 (4)°) N2–N1–C1–S1 179.59 (18)° show that the central part (C=N–NH–C(=S)–N–) of the molecule is almost linear. The molecule adopts an E configuration with respect to the C2–N2 bond. The thiosemicarbazide moiety –C2=N2–N1–C1(S1)–N3– fragment and the unsubstituted phenyl ring are almost coplanar with an angle value of 1.65  (1)° between their means plans, but the thiosemicarbazide moiety and the 4-chlorosubstitited phenyl ring are not coplanar with dihedral angle value of 60.12(8)° between their means plans. The dihedral angle value between the mean planes of the unsubstituted phenyl ring and the 4-chlorosubstitited phenyl ring is 58.81(1)°. Two carbon atoms of the 4-chlorosubstitited phenyl are disordered with two sites having occupancies of 0.5 each.
In the crystal, intra-molecular and intermolecular hydrogen bonds are simultaneously present. The crystal packing of compound 2 is stabilized by intra-molecular N(amine)–H···N(azomethine) hydrogen bonds which form layers parallel to b axis. The intramolecular hydrogen bond N3(amine)–HN3···N2(azomethine) forms a five-membered S(5) ring (Figure 5, Table 4). Intermolecular hydrogen bonds, N1(thiosemicarbazide)–HN1···S1i(thiocarbonyl) (i: -x, 1-y, -z) leads to the formation of dimers with and  motif (Figure 5, Table 4). The packing diagram of compound 2 is shown in Figure 6. 

[image: Une image contenant carte, diagramme

Le contenu généré par l’IA peut être incorrect.]
Figure 4. The crystal structure of complex 2 (disordered atom C13(A/B), C14(A/B), H13(A/B) and H14(A/B) are shown). Displacement ellipsoids are drawn at the 30% probability level.
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Figure 5. Plot showing the inter and intramolecular hydrogens bonds in the crystal.
[image: Une image contenant dessin, art
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Figure 6. Plot showing the packing of compound 2 in the crystal structure.

Table 4. Hydrogen-bond geometry (Å, °) of compound  2.

	D—H···A
	D—H
	H···A
	D···A
	D—H···A

	N3—HN3···N2
	0.81 (5) 
	2.13 (5)
	2.558 (4)
	113 (4)

	N1—HN1···S1i
	0.89 (4)
	2.52 (4)
	3.399 (2)
	168 (3)


         Symmetry codes: (i) -x, 1-y, -z.

Conclusion 
The compound (1) namely, ((2-hydroxyphenylmethylidene)hydrazinyl)pyridine and compound (2) namely, 1-benzylidene-4-(4-chlorophenyl)thiosemicarbazide were both prepared by one step reaction condensation in ethanol. On the one hand, 1 is obtained by reacting hydrazinyl pyridine and salicylaldehyde, and on the other hand, 2 is obtained by reacting 4-(4-chlorophenyl)thiosemicarbazide and benzaldehyde. The structures of compounds (1) and (2) were confirmed by elemental analysis, FT-IR and NMR spectroscopies. The molecular structures of the compounds were also determined by X-ray diffraction technique. 

Supplementary data 
CCDC 2503186 and 2503187 contains the supplementary crystallographic data for ligands 1 and 2, respectively. These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK 
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