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Abstract 

The reaction of S-benzyldithiocarbazate with 4-chloroacetophenone afforded 

bidentate NS Schiff base (S.B) S-benzyl-β-N-(1-(4-chlorophenyl)ethylidene) 

dithiocarbazate, the thione tautomeric is very interesting, usually such Schiff base 

chelated to the metal center through neutral nitrogen at in the azomethine and the 

ionic sulfur of the thiol. The ligand structure has been confirmed by FT-IR, FAB-MS, 

UV-vis, PXRD and XRD-crystal. The main target of this work is to compare the 

XRD-interactions with the computed result of Hirshfeld surface analysis (HSA). Both 

HSA and XRD reflected the presence of the NH…S=C and CH….S=C. H-bonds as 

main interactions forces in crystal lattice of the desired ligand.  
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1. Introduction 

Schiff Base (S.B) having nitrogen and Sulphur donor atoms have shown very interesting attention for the past century 

[1-2]. A wide range of biological activities has been reported using these materials such as antibacterial, antifungal 

anticancer, and DNA binding [3-10]. In complexes, the hydrogen bonding via the imino group with metal ion has 

tolerated good chelating in biological applications [10]. Interestingly, the substituted benzene ring showed Gram-

positive/negative antibacterial activities dependent on the position of the substituents [9, 10]. Dithiocarbazides S. B 

with have good roles in metals center complexation due to the sulfur and nitrogen bidentate affinity, for this reason, it 

gained the confidence of chemists as a stable polychelate ligands [11]. Generally, the dithiocarbazate S.B ligands were 

performed by condensed thioazinde with certain carbonyl compounds like aldehydes, and ketones [12-15]. The 

tautomeric processes in dithiocarbazate like thione to thiol gains role in a variety of prepared coordination structures 

of complexes cased a naked eye colorimetric changes [11-16]. As an extension of our ongoing work, we recently 

developed new methods for preparing the several types of S.B and their complexes [17-25]. Herein, the S-benzyl-β-N-

(1-(4-chlorophenyl)ethylidene) dithiocarbazate, the thione S. B ligand was made available then proved by PXRD and 

XRD-crystal. The computed HSA analysis was successfully compared to the XRD-result as they were agreed on the 

nature of interactions in the crystal lattice. 

 

2. Materials and methods  

2.1. Measurements 

 

 

2.2. Synthesis of the Schiff base S-benzyl-β-N-(1-(4-chlorophenyl) ethylidene) dithiocarbazate 

 

 

2.3. Computational  

 

 

3. Results and Discussions 

3.1. Synthesis and XRD  

The ligand precursor was prepared by condensation of S-benzyl dithiocarbazate with 4-chloroacetophenone following 

the literature method [15]. The desired ligand structure S-benzyl-β-N-(1-(4-chlorophenyl) ethylidene) dithiocarbazate 
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was tautomerized to (1E,1E)-benzyl hydrogen (1-(4-methoxyphenyl)ethylidene)carbono-hydrazonodithioate via single 

proton transfer mechanism to form the thiol ligand form [27-30].  

 

Scheme1. Ligand synthesis.  

 

The crystal parameters of the ligand, ORTEP and packing diagrams reported in Table 1 and Fig.1, respectively. The 

free desired ligand was crystallized in a is a Triclinic, system with P space group (Z = 2) four unit per cell. E-

conformation as sterically favored kinetic isomer in (E)-benzyl 2-(1-(4-methoxyphenyl)-ethylidene)-

hydrazinecarbodithioate was detracted (Fig.1a). The XRD showed the structure of the ligand in thione tautomeric form 

with S in S-Ph and N in N=C  functional groups in the same ordination, meanwhile, the Ph’s are in perpendicular to 

each other (Fig.1a). The structure packing reflected several intermolecular interactions in the crystal lattice of the 

ligand.   

 

Fig.1. (a) ORTEP, and (b) total interaction packing diagrams of the ligand. 

 

3.2. PXRD investigation  

PXRD powder diffraction of the ligand was performed to support the purity and crystallinity degrees of the ligand as 

seen in Fig.2a. The figure reflected a high degree of purity with a triclinic crystallization system (Fig.1b).   

              

Fig.2. PXRD of the ligand. 

 

../../../../../../../../Downloads/1%20_symmetry_space_group_name_H-M
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Table 1. XRD-exp. bond lengths (Å) and angles (o). 
No.     Bond  Å No.       Angels      (o) 

1 Cl1 C14 1.73(1) 1 C7 S1 C8 101.8(4) 

2 S1 C7 1.827(9) 2 N2 N1 C8 121.3(7) 

3 S1 C8 1.789(8) 3 C2 C1 C6 120.0(9) 
4 N1 N2 1.39(1) 4 N1 N2 C9 121.4(7) 

5 N1 C8 1.33(1) 5 C1 C2 C3 122(1) 

6 C1 C2 1.40(1) 6 C2 C3 C4 118(1) 

7 C1 C6 1.37(1) 7 C3 C4 C5 121(1) 

8 S2 C8 1.65(1) 8 C4 C5 C6 120.2(9) 

9 N2 C9 1.25(1) 9 C1 C6 C5 118.7(8) 

10 C2 C3 1.33(2) 10 C1 C6 C7 120.9(8) 

11 C3 C4 1.36(2) 11 C5 C6 C7 120.2(8) 

12 C4 C5 1.40(1) 12 S1 C7 C6 115.5(6) 

13 C5 C6 1.34(1) 13 S1 C8 N1 110.9(6) 

14 C6 C7 1.47(1) 14 S1 C8 S2 124.9(5) 
15 C9 C10 1.50(1) 15 N1 C8 S2 124.3(6) 

16 C9 C11 1.46(1) 16 N2 C9 C10 123.5(7) 

17 C11 C12 1.39(1) 17 N2 C9 C11 116.6(7) 

18 C11 C16 1.39(1) 18 C10 C9 C11 120.0(7) 

19 C12 C13 1.40(2) 19 C9 C11 C12 122.4(7) 

20 C13 C14 1.35(1) 20 C9 C11 C16 121.5(7) 

21 C14 C15 1.37(1) 21 C12 C11 C16 116.2(8) 

22 C15 C16 1.40(2) 22 C11 C12 C13 120.3(9) 

    

23 C12 C13 C14 122.6(9) 

    

24 Cl1 C14 C13 122.1(8) 

    

25 Cl1 C14 C15 119.4(7) 

    

26 C13 C14 C15 118.4(9) 

    
27 C14 C15 C16 120.1(9) 

    

28 C11 C16 C15 122.5(8) 

Table 2. XRD-exp. torsion angles (o). 
No.           Torsion (o) 

1 C8 S1 C7 C6 87.4(6) 
2 C7 S1 C8 N1 -177.1(6) 
3 C8 N1 N2 C9 -171.8(8) 
4 N2 N1 C8 S1 -4.9(9) 
5 N2 N1 C8 S2 175.8(6) 
6 C6 C1 C2 C3 0(2) 
7 C2 C1 C6 C5 -2(1) 
8 C2 C1 C6 C7 -177.3(9) 

9 N1 N2 C9 C10 -1(1) 
10 N1 N2 C9 C11 178.4(7) 
11 C1 C2 C3 C4 1(2) 
12 C2 C3 C4 C5 -1(2) 
13 C3 C4 C5 C6 -1(2) 
14 C4 C5 C6 C1 2(1) 
15 C4 C5 C6 C7 177.5(9) 
16 C1 C6 C7 S1 -116.9(8) 
17 C5 C6 C7 S1 68(1) 

18 N2 C9 C11 C12 -167.2(8) 
19 N2 C9 C11 C16 12(1) 
20 C10 C9 C11 C12 12(1) 
21 C10 C9 C11 C16 -168.5(8) 
22 C9 C11 C12 C13 179.1(8) 
23 C16 C11 C12 C13 -1(1) 
24 C9 C11 C16 C15 179.5(8) 
25 C12 C11 C16 C15 -1(1) 

26 C11 C12 C13 C14 1(2) 
27 C12 C13 C14 Cl1 179.7(8) 
28 C12 C13 C14 C15 -1(2) 
29 Cl1 C14 C15 C16 179.0(7) 
30 C13 C14 C15 C16 -1(1) 
31 C14 C15 C16 C11 2(1) 

 

 



  

 Mor. J. Chem. 8 N°4 (2020) 1048-1054 

1052 
 

 

3.3. XRD-packing and HSA  

Three types of interactions was reported in crystal lattice of the ligand, three 2D-supramolecular chain patterns of 

stable S(7) synthon CMe-H….S=C with 2.772 Å and N-H…S=C H-bonds with 2.711Å (Fig.3a), the second S(14) 

synthon head-to-tail interactions via two CPh-H…S=C H-bond with 2.982 Å (Fig.3b). The third head-to-tail S(18) 

synthon CMe-H….H-CPh with 2.260 Å were recorded (Fig.2c).  

 

 

Fig. 3. The total interactions in the crystal lattice.  

 

The HSA was carried out using CIF-file of crystal of the ligand [27-30]; the results are illustrated in Fig. 4, the 3D 

Hirshfeld mapped was represented in dnorm, shape index and curvedness, which were established in the range -0.443 to 

1.323 a.u.. Eight red-holes were detected on the surface of ligand that is consistent with presence of several 

heteroatoms like S, N and Cl (Fig.4a). Several interactions due to NH….S and CH….S H-bonds interactions 

formations as reflected many big red-spots on the ligand surface. The shape index reflected the presence of polar 

proton electrophile indicated (blue) color and many nucleophilic (red) functional groups (Fig.4b). Moreover, the atom-

to-atom fingerprint (FP) intermolecular percentage plot is illustrated in Fig.4e.  

 

Fig.4. (a) dnorm and (b) shape index, and (c) curvedness HSA mapped over the ligand surface. 

 

3.4. Two direction fingerprints (2D-FP) 

 The result showed the H····H% as the highest contributors in both the compound atom-to-atom interactions with 

60.1% meanwhile, the lowest contributors was found to be H….N 0.2%. The total 2D-FP H…Atoms ratios analyses 

for computed surface of the desired ligand found to be as H……H>C……H>S……H>Cl……H>N……H as seen in 

Fig.5. 
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Fig.5. Inside/outside 2D-FP plots. 

 

4. Conclusion 

The dithiocarbazate S. B was synthesized in a high yield, centered was monitored by PXRD powder and XRD-crystal. 

The CHN-EA and MS analyses confirmed the expected ligand molecular formula. The thione isomer structure was 

proved by XRD-crystal; several polar interactions with two types of synthons were recorded. Moreover, the HSA and 

2D-FT computations were successfully compared to the XRD-packing result to support the synthons formation via 

main NH….S and CH….S=C H-bonds interactions. 
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