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The reaction between 5-nitroisatin with S-benzyl dithiocarbazate affords a new isatindithio 
carbazate so-called NO2Isadtc (Benzyl 2-(5-nitro-2-oxoindolin-3-ylidene)hydrazinecarbodi 
thioate) which was characterized by means of 1H NMR, FT-IR, UV-visible and single crystal 
X-ray diffraction - Crystal data for C16H12N4O3S2 (M =372.42 g/mol): triclinic space group       
P-1, (n°. 02), a = 6.640 Å, b = 8.256 Å, c = 15.908 Å, V = 849.6 Å3, Z = 2, T = 293 K, μ(MoKα) = 
0.337 mm-1, Dcalc = 1.456 g/cm3, 27515 reflections measured (2.499° ≤ 2Θ ≤ 26.524°), 3518 
unique (Rint = 0.0533, Rsigma =0.0222) which were used in all calculations. The final R1 was 
0.0367 (I > 2σ(I)) and wR2 was 0.1045 (all data). Computational methods were applied to 
NO2Isadtc and its nonsubstituted parent compound Isadtc for structure optimization, 
electronic distribution, and infrared calculations using B3LYP functional with 6-31G(d,p) 
basis set in ethanol as a polarizable continuum model. Furthermore, docking studies using 
human thioredoxin reductase 1 (TrxR) as enzyme target also were performed using 
NO2Isadtc and the optimized structure of Isadtc. The results demonstrated that both 
NO2Isadtc and Isadtc may act as inhibitors of TrxR, having different interactions detected, 
highlighting the contact between the NO2 group and the S111 at the helix which is found for 
NO2Isadtc. 
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1. Introduction 
 

Isatin (Figure 1a) is a heterocyclic compound which 
presents an aromatic ring joined to a second ring formed by 
ketonic and amidic groups. This configuration allows many 
modifications in its structure, such as addition of halogen atoms 
at C5 and C7 positions of the aromatic ring and alkylation/ 
acylation at N-H group which may lead to modifications of its 
chemical properties [1]. Isatins and their derivatives are known 
to have a broad spectrum of pharmacological applications such 
as antifungal, antibacterial, antiviral, antitumor, and antipro-
tozoal [2-4]. Besides, isatin is a biologically validated as an 
inhibitor of cysteine and serine proteases [5], being an 
interesting starting point for the design and synthesis of new 
compounds with potential for applications in medicine, mainly 
Schiff bases such as hydrazones, thiosemicarbazones, dithio-
carbazates (Figure 1b, 1c and 1d, respectively) and also some of 
their metal complexes.  

Despite of the chemical similarities of thiosemicarbazones 
and dithiocarbazates [6], few studies involving isatin dithio-
carbazates are available in the literature [7-10]. Interestingly, 
isatin derived thiosemicarbazones were investigated as 
inhibitors of parasitic cysteine proteases identified in trypa-
nosomes (cruzain and rhodesain) and malaria parasites 
(falcipain-2), presenting a higher activity than their isatin 
precursors [2]. On the other hand, dithiocarbazates have been 
mainly studied as antitumor agents, however, to our 
knowledge, no studies involving their biological targets have 
been reported so far. 

In this context, the goal of this work was the synthesis and 
structural characterization of a new isatin dithiocarbazate 
derived from 5-nitroisatin (NO2Isadtc). DFT calculations were 
also applied to both NO2Isadtc and Isadtc to understand the 
influence of the NO2 group on the electronic distribution. 
Finally, docking studies with human thioredoxin reductase 
(TrxR) were applied aiming to validate this enzyme as the target 
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Figure 1. Molecular structure of Isatin (a) and its hydrazone (b), thiosemicarbazone (c) and dithiocarbazate (d) derivatives. 
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Scheme 1. Synthesis of NO2Isadtc. 

 
for this class of compounds since it is known to be a represent-
tative target for antitumor drug development [9]. 
 
2. Experimental 
 
2.1. Materials and physical methods 
 

5-Nitroisatin (Sigma-Aldrich) and all solvents were 
obtained commercially and used without further purification. S-
benzyl dithiocarbazate was synthesized according to a 
literature procedure [10]. The melting point was determined 
with a PF1500 FARMA-GEHAKA instrument. Infrared spectra 
were measured on a Frontier Single Range-MIR PerkinElmer 
FT-IR spectrophotometer in the region between 220 and 4000 
cm-1. Samples were analyzed in the solid state using the 
Attenuated Total Reflectance (ATR) accessory with diamond 
crystal. 1H spectra were acquired in 5 mm NMR tubes at 298 K 
on a Bruker DPX 400 (1H = 400.00 MHz) spectrometer. 1H NMR 
chemical shifts were internally referenced to DMSO-d6 (ppm). 
The electronic spectra were measured in a Shimadzu UV-1800 
spectrophotometer at 25 °C using a quartz cuvette of 1 cm 
optical path.  
 
2.2. Synthesis of NO2Isadtc 
 

1.5 mmol of 5-nitroisatin (221 mg) and 1.5 mmol of S-
benzyl dithiocarbazate (297 mg) were dissolved in 15 mL of 
ethanol in a round-bottomed flask. The system was warmed 
under reflux for 2h and a yellow precipitate was formed after 
cooling to room temperature. The precipitate was filtered off, 
washed with n-hexane and dried under vacuum (Scheme 1). 

(Z)-benzyl 2-(5-nitro-2-oxoindolin-3-ylidene)hydrazinecarbo 
dithioate: Color: Bright yellow. Yield: 69%. M.p.: 210-211 °C. FT-
IR (KBr, ν, ATR, cm-1): 3595, 3592 ν(N-H), 1715 ν(C=O), 1615 
ν(C=N), 1529 ν(C=C), 1336 ν(NO2), 1064 ν(N-N), 1030 ν(CSS). 
1H RMN (400 MHz, DMSO-d6, δ, ppm): 4.58 (s, 2H, CH2), 7.14 (d, 
J = 8.8 Hz, 1H, isa), 7.31 (t, J = 7.1 Hz, 1H, Ph), 7.36 (t, J = 7.1 Hz, 
2H, Ph), 7.47 (d, J = 7.1 Hz, 2H, Ph), 8.21 (d, J = 2.2 Hz, 1H, isa), 
8.31 (dd, 3J = 8.6, 4J = 2.2 Hz, 1H, isa), 11.97 (s, 1H, NH), 13.72 
(s, 1H, NH). UV/Vis (MeOH, λmax, nm, (ε)): 241 (0.093), 376 
(0.558). 
 
2.3. XRD analysis 
 

The X-ray diffraction data were collected on a Bruker APEX-
II CCD X-ray diffractometer with Mo Kα (λ = 0.71073 Å) 

radiation. The structure was solved using SIR92 [11] and 
refined by full-matrix least-square methods against F2 with 
SHELXL2016 [12]. All non-hydrogen atoms were refined with 
anisotropic displacement parameters with SHELXL2016. The 
hydrogen atoms’ positions were calculated at idealized 
positions with the “riding model” option of SHELXL2016. 
Details of the structure refinement and experimental details can 
be found in Table 1. 
 
2.4. Computational methods 
 
2.4.1. DFT calculations 
 

The refined NO2Isadtc and Isadtc structure reported in the 
literature [15-17] were optimized using Gaussian 09W v9.5 
[18] with density functional theory (DFT) using Becke 3-
parameter (exchange) Lee, Yang and Parr (correlation) hybrid 
functional (B3LYP) and 6-31G(d,p) basis set in ethanol 
(solvent) as polarizable continuum model (PCM). The 
optimized NO2Isadtc and Isadtc structures were used for 
infrared calculations using the same level of theory, solvent and 
basis set from optimization step without anharmonic 
corrections. 
 
2.4.2. Docking calculations - compound - receptor protocol 
 

In order to have some insights on the drug-receptor binding 
mode, the molecular docking technique was performed. Human 
thioredoxin reductase 1 (TrxR) was chosen as the target 
enzyme. TrxR is known to be a representative target for 
antitumor drug development [9]. TrxR X-ray crystallographic 
structure was downloaded from the Protein Data Bank under 
the code 2J3N [9] and prepared in PyMOL software 
(https://pymol.org). The homodimer with chains C and D for 
the docking study was selected. All water molecules were 
removed and hydrogen atoms were added to the receptor 
molecule enzyme. Subsequently, molecular docking simula-
tions were performed with the GOLD (Genetic Optimization for 
Ligand Docking) suit version 5.5 [19] using a receptor-rigid 
method. Searching for the best complex poses was simulated 
using 10 Å of radius centered at C498 residue of chain D, which 
was sufficient to cover all binding cavity. A sequence of 100 
genetic algorithm (GA) runs were carried out with 200% of 
efficiency that generated 100 poses for each of the two 
compounds (NO2Isadtc and Isadtc) complexed with TrxR.  

 



Pereira et al. / European Journal of Chemistry 12 (3) (2021) 235-241 237 
 

 
2021 – European Journal of Chemistry – CC BY NC – DOI: 10.5155/eurjchem.12.3.235-241.2106 

 
Table 1. Crystal data and details of the structure refinement for NO2Isadtc. 
Parameters NO2Isadtc  
Empirical formula C16H12N4O3S2 
Formula weight 372.42 
Temperature (K) 293 
Crystal system Triclinic 
Space group P1�  

a, (AÅ ) 6.640   
b, (AÅ ) 8.256   
c, (AÅ ) 15.908   
α (°) 80.80 
β (°) 80.71 
γ (°) 87.91 

Volume (Å3) 849.6 
Z 2  
ρcalc (g/cm3) 1.456 
μ (mm-1) 0.337  
F(000) 384  
Crystal size (mm3) 0.12 × 0.59 × 0.74  
Radiation MoKα (λ = 0.71073)  
2Θ range for data collection (°) 2.499 to 26.524  
Index ranges -8 ≤ h ≤ 8, -10 ≤ k ≤ 10, -19 ≤ l ≤ 19  
Reflections collected 27515  
Independent reflections 3518 [Rint = 0.0533]  
Data/restraints/parameters 3518/0/226  
Goodness-of-fit on F2 1.044 
Final R indexes [I≥2σ (I)] R1 = 0.0367, wR2 = 0.1006  
Final R indexes [all data] R1 = 0.0398, wR2 = 0.1045  
Largest diff. peak/hole (e Å-3) 0.361/-0.285  
 
Table 2. Infrared attributions for experimental and calculated NO2Isadtc and Isadtc. 
Vibration NO2Isadtc Isadtc 

Calculated (cm-1) Experimental (cm-1) Calculated (cm-1) Experimental (cm-1) 
ν1A (N-H) 3639, 3401 3595, 3592 3645, 3385 3572, 3489 
ν2A (C=O) 1776 1715 1766 1690 
ν3A (C=N) 1645 1615 1673 1616 
ν4A (C=C) 1503 1529 1649 1492 
ν5A (NO2) 1377 1336 - - 
ν6A (N-N) 1179 1064 1172 1072 
ν7A (CSS) 1061 1030 1055 978 

 
Full flexibility of the ligand was permitted and partial 

flexibility of the protein with diverse solutions generated, ring 
corners were allowed to flip, conformations were explored, and 
no constraint applied. ChemScore followed by GoldScore were 
chosen as the scoring functions of generated poses, as 
previously described for a metal-based compound bound to 
TrxR [20]. ChemScore and GoldScore are scoring functions 
estimated from empirical regression functions with coefficients 
adjusted to better reproduce the binding energy and binding 
poses for a set of known testing drug-receptor complexes [21]. 
The scoring terms are often energy-based, taken as the negative 
of the sum of the energy terms. Thus, the fitness score is the 
quantity of interest and the larger the score, the better the 
compound enzyme pose [22]. The best fitness score pose of the 
highest-ranking structure of each compound for analysis was 
chosen. Intermolecular interactions of the best poses were 
analyzed by using the LigPlot software [23] with the 
conformational structures presented with PyMOL. The 
methodologies of the theoretical studies of molecular modeling 
performed here are similar in manner to previous works [24-
27]. 
 
3. Results and discussion 
 
3.1. Synthesis and spectroscopic  
 

In Scheme 1, the simplified scheme of NO2Isadtc prepara-
tion is presented. The primary amine group (NH2) of S-benzyl 
dithiocarbazate reacts with the non-amidic ketone moiety of 5-
nitroisatin, forming the imine bond upon release of a water 
molecule. 

The main IR calculated and experimental attributions of 
NO2Isadtc and Isadtc are compared in Table 2. In general, a low 
difference between the experimental and calculated vibrations 

is observed. These variations can be attributed to the difference 
of some bond lengths and angles between both structures, as 
experimentally, the structure is a solid and the theoretical 
calculations are performed in a solvent as demonstrated 
previously and, of course, by the influence of DFT functional and 
basis set type. Confirmation of the formation of NO2Isadtc and 
Isadtc peaks related to ν(C=N) stretching at 1615 cm-1 are 
observed in both structures, which indicates the combination 
between S-benzyl dithiocarbazide and isatin or 5-nitroisatin. 
Peaks related to the ν(N-H), ν(C=C), ν(C=O), ν(N-N), and ν(CS) 
stretching are also observed having the correspondent value 
also showed in Table 2.  
 
3.2. Structure analysis 
 

In Figure 2, it can be seen that the asymmetric unit of 
NO2Isadtc is generated with ORTEP-3 [28] which is the 
complete molecule with none symmetry operation. According 
to the crystal data given in Table 1, NO2Isadtc crystalizes in the 
triclinic 𝑃𝑃1� space group, with a unit cell volume of 849.6 Å3 and 
calculated density of 1.456 g/cm3. The refinement quality was 
acceptable with wR2 < 0.12, R1 < 0.05, and F2 (Goodness of fit) 
between 0.9 and 1.2 as demonstrated in Table 1. 

The bond length and angle differences between the 
calculated and experimental data for NO2Isadtc are found in 
Table 3 and a detailed comparison for NO2Isatc and for Isadtc is 
found in the supplementary material. The NO2Isadtc has the 
bond length medium difference of 0.012 Å (standard deviation 
of 0.012 Å) and angles a medium of 0.102° (standard deviation 
of 0.525°) for all non-hydrogen bonds which indicates good 
correlation between experimental and theoretical structures. 
Isadtc bond lengths and angles present similar results as 
NO2Isadtc, presenting an average bond length difference of 
0.013 Å (standard deviation of 0.033 Å) and angle difference 
medium of 0.219° with a standard deviation of 1.416°.  
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Table 3. Selected experimental and calculated bond lengths (Å) and angles (°) for NO2Isadtc. 
Bond Distance (Å) Atoms Angle (°) 

Experimental Calculated Experimental Calculated 
C7-N3 1.290 1.295 C7-N3-N4 118.000 117.950 
N3-N4 1.342 1.342 N3-N4-C9 119.900 121.440 
N4-C9 1.372 1.369 N4-C9-S1 119.000 118.840 
C9-S1 1.643 1.669 N4-C9-S2 111.900 112.850 
C9-S2 1.742 1.773 S1-C9-S2 129.090 128.310 
C1-N1 1.466 1.459 O3-C8-C7 126.500 127.270 

 

 
 

Figure 2. ORTEP plot of the molecular structure of NO2Isadtc showing thermal ellipsoids at 50% of probability. 
 

 
 

Figure 3. Intra and Intermolecular hydrogen bonds in NO2Isadtc. 
 

 
 

Figure 4. Intra and Intermolecular hydrogen bonds in Isadtc. 
 
The CS bond distances C9-S1 and C9-S2, correspond to 

double and single bonds, respectively, being in the normal 
range for other dithiocarbazates [29]. 

NO2Isadtc (Figure 3) and Isadtc (Figure 4) present both 
intramolecular hydrogen bonds between N-H∙∙∙O atoms with a 
distance between N4 and O3 of 2.786 Å (angle of 133.6° N4-

H1∙∙∙O3) and 2.788 Å (angle of 133.0° N4-H1∙∙∙O3) for NO2Isadtc 
and Isadtc, respectively. Intermolecular H-bonds also occur 
with N-H∙∙∙O atoms with a distance between N2 and O3 of 2.818 
Å (angle of 165.3° N2-H2∙∙∙O3) in NO2Isadtc and 2.865 Å (angle 
of 164.4° N2-H2∙∙∙O3) in Isadtc due the structure similarity.  
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Figure 5. Electrostatic potential and views of NO2Isadtc and Isadtc. 
 

 
 

Figure 6. Predicted poses by the docking technique of the human thioredoxin reductase 1 (TrxR) homodimer (light and dark orange) enzyme complexed with 
NO2Isadtc (cyan) and Isadtc (yellow) are shown in the same enzyme structure for comparison of the resulted conformations. The TrxR enzyme is shown in a 
cartoon representation in A) and in a surface representation in C), and the compounds are presented in sticks. In addition, the native enzyme cofactors FAD and 
NADP+ are shown in green sticks. The enzyme binding site were zoomed in with the docked molecules B) Isadtc and D) NO2Isadtc, and the enzyme cofactors were 
removed for better visualization. Side chain residues of the enzyme mediating hydrophobic interactions with Isadtc in B) and NO2Isadtc in D) are shown in orange 
lines. Enzyme residues coordinating hydrogen bonds with the compounds, Gly499 in B) and Ser111 in D), are displayed in cyan thin sticks. 

 
Both structures present an angle of approximately 116° and 

108° between the phenyl ring and S2 (Figure 5) due the sp3 
carbon C10 helped by the electron repulsion between these 
planes. A coordination site between O3 and S1 have 4.657 and 
4.673 Å of distance in NO2Isadtc and Isadtc, respectively, being 
the longest comparing with other possible sites in the same 
molecules, so the probability of a metal complexation at this site 
is greater due to the space accommodation and electron density 
as also demonstrated in Figure 5. It also can be seen that the 
NO2 group induces a distortion on the molecule when compared 
with Isadtc, causing a rotation of approximately 106° on the 
plane formed by the isatin ring. 
 

3.3. Docking analysis 
  

An in silico analysis was performed to better understand the 
compound receptor binding mode with the human thioredoxin 
reductase 1 (TrxR) homodimer selected as the target enzyme. 
The molecular docking technique was used to obtain the 
geometry of TrxR complexed with the two compounds of this 
study, NO2Isadtc and Isadtc. The docked poses are presented in 
Figure 6, in which NO2Isadtc and Isadtc are successfully bound 
at the active redox binding site of TrxR. It is known that TrxR 
inhibitors might act by coordinating to Cys and Sec residues at 
the C-terminal active site that is essential for catalysis 
[20,30,31]. Isadtc resulted in a more buried pose than 
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NO2Isadtc that was predicted to be located on the enzyme 
binding site surface (Figure 6C). 

Figure 6 shows that the enzyme compound geometry is 
stabilized by hydrophobic interactions mediated by residues 
located in the flexible C-terminal part of one subunit (light 
orange cartoon) in contact with the other rigid subunit helix 
(dark orange cartoon). Also, one residue coordinates the 
hydrogen bond interaction with each compound: G499 at the C-
terminal arm with Isadtc (Figure 6B) and S111 at the helix 
content with NO2Isadtc (Figure 6D). The binding free energy 
(∆G) for the two studied compounds and the enzyme was 
estimated. ∆G values of -23.2 and -24.1 kcal/mol were obtained 
for Isadtc and NO2Isadtc, respectively, estimated by the binding 
energy function of ChemScore. Similar values for binding ∆G 
were verified in molecular docking simulations of natural and 
semisynthetic compounds used in leishmanicidal activity 
studies [25]. These analyses in the molecular level could bring 
some insights to future structure-based inhibitor development 
of antitumor drugs. 
 
4. Conclusion 
 

NO2Isadtc was successfully synthesized with high yield and 
had its structure confirmed by IR, NMR and single crystal XRD 
analysis. Quantum calculations demonstrated that although 
NO2Isadtc and Isadtc have similar structures, the first presents 
an electron density at NO2 group comparable with the O-N-S 
region, which is responsible for the torsion occurred in the 
plane formed by the isatin ring. The influence of the electron 
withdrawing NO2 group was also verified by docking studies 
since both NO2Isadtc and Isadtc can attach to the TrxR enzyme 
redox site, but Isadtc presents a deeper bind on the enzyme 
than NO2Isadtc since the presence of the NO2 group leads to an 
interaction with S111 at the helix content. Finally, these results 
indicate that the insertion of the NO2 group to the isatin moiety 
may play a role on the biological activity of isatin derivatives.  
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