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ABSTRACT 
The coumarin derivative ((4-chloro-6-methyl-2-oxo-2H-chromen-3-yl) methylene) benzene-sulfono- 
hydrazide was synthesized by condensation reaction, characterized by spectroscopic techniques      
(1H NMR, 13C NMR, FTIR, UV-Vis, TGA and DSC) and finally the structure was confirmed by X-ray 
diffraction method.  The thermal studies showed that the title compound is thermally stable up to 
200°C and they undergo endothermic decomposition at higher temperatures.  The crystal structure 
revealed that the compound crystallizes in 푃1 space group. The compound exhibits diverse 
intermolecular interactions including C-H…O, N-H…O, C-H…Cl type of hydrogen bonds, C-Cl…Cg 
and Cg…Cg interactions. The molecules form alternative 푅 (14) and 푅 (20) supramolecular 
synthons through intermolecular hydrogen bonds which connect them to an infinite one-dimensional 
chain along [0 11] direction. The Hirshfeld surface analysis showed that H…H (29.4%) and O…H 
(28.7%) are the major intermolecular interactions. Further the structure was optimized using density 
functional theory (DFT) calculations. The optimized geometrical parameters show very good 
agreement with those determined by XRD method. The time dependent density functional theory 
(TDDFT) calculation was used to study electronic transition among the first 15 molecular orbitals. 
The calculated electronic absorption spectrum compliments the experimentally measured UV-Vis 
spectrum. 
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INTRODUCTION 

 
Coumarins belong to important class of oxygen containing fused heterocyclic compounds. Since their 
isolation from Tonka bean in 1820, they have been used extensively in perfumes, fabric conditioners 
and more importantly in pharmaceuticals. Coumarin derivatives form an elite class of compounds 
with diverse therapeutic activities such as antioxidant, anti-inflammatory, antitumor, antiviral, 
antituberculosis and antimicrobial [1-6]. Coumarin, biscoumarin and furanocoumarin derivatives have 
been reported as potential inhibitors of HIV-1 replication with anti-HIV activity [7-10]. Synthetic and 
natural coumarin derivatives as cytotoxic agents have been studied for their anticancer and antitumor 
activities [11-15]. Studies have been carried out on coumarin derivatives as potential seed protectants, 
pesticides and rodenticides [16-18]. Coumarin derivatives have been demonstrated with anion sensing 
chemo-receptors [19-21].  Metal complexes of coumarin derivatives have been reported as effective 
fluorescent properties suitable for applications in living cells [22-24]. 
 
 Motivated by the diverse biological importance of the coumarin derivatives, we synthesized novel 
coumarin derivative ((4-chloro-6-methyl-2-oxo-2H-chromen-3-yl)methylene) benzene-sulfono- 
hydrazide, characterized by various spectroscopic techniques. The thermal properties were 
investigated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The 
electronic absorption was studied using UV-Vis spectrum and theoretically calculated spectrum using 
time dependent density functional theory (TDDFT) calculations. Finally, the structure was confirmed 
by X-ray diffraction method. Further, the structural optimization was carried out using density 
functional theory (DFT) calculations. The structural parameters determined using X-ray diffraction 
method was compared with the theoretically optimized parameters. Frontier molecular orbitals 
(HOMO-LUMO), global and local indices, electronic absorption spectrum were also studied using 
DFT calculations.   
 

MATERIALS AND METHODS 
 

The chemicals used in the synthesis of the title compound were purchased from Sigma-Aldrich co., 
and were used without any further purification. TLC was used to monitor the progress of the reaction, 
was carried out with precoated aluminum-backed plate (Merck Silica Gel 60 F254) and visualized 
under UV light (λ=256 nm). Melting point was determined using Chemocline melting point apparatus 
CL725. NMR spectra (1H and 13C) were recorded on a Bruker Avance spectrometer and chemical 
shifts (δ) are reported in parts per million (ppm) relative to TMS. The FTIR characterization was 
carried out on a Perkin Elmer 100 FT-IR spectrometer (ν are in cm-1). Thermal analysis was 
performed using a Perkin Elmer DSC 8000 and Pyris 1 TGA systems. UV-Vis spectrum was recorded 
with Perkin Elmer Lambda 35 spectrometer between 250 nm to 700 nm. 
 
Synthesis of ((4-chloro-6-methyl-2-oxo-2H-chromen-3-yl)methylene)benzenesulfono-hydrazide: 
The title compound (3) was synthesized using 5 mmol of 4-chloro-3-formyl-6-methylcoumarin (1) 
and 5 mmol of benzene sulfonohydrazide (2) in 20 mL of absolute ethanol by nucleophilic addition 
followed by dehydration. The reaction mixture was refluxed at 78°C for 6 h and the product formation 
was confirmed by TLC on silica gel precoated aluminum plates with ethyl acetate and hexane (1:5) as 
eluting solvent. The precipitated compound was filtered, washed with ice cold ethanol and dried at 
reduced pressure (yield: 91%, melting point: 214-216°C). The crude compound was further purified 
and crystallized with a mixture of acetone and methanol (2:1) which resulted light yellow color 
crystals of the compound. The schematic representation of the reaction is shown in figure 1. 

Spectroscopic analysis: 1H NMR (DMSO-d6, 300 MHz): δ 7.96 (s, 3H), δ 7.76 (d, 2H), δ 7.68 (d, 
1H), δ 7.63 (d, 1H), δ 7.55 (d, 2H), δ 7.36 (dd, 2H), δ 2.38 (s, 3H) ppm; 13C NMR (DMSO-d6, 100 
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MHz): 168.3, 157.5, 145.2, 137.1, 134.6, 133.8, 132.9, 130.9, 128.3, 126.7, 112.3, 20.8 ppm; FTIR 
ν/cm-1: 3238, 3174, 3125, 1693, 1605.  
 

 
 

Figure 1. Schematic representation of the reaction pathway of the title compound. 
 

      The FT-IR peak at 3238 cm-1 corresponds to N-H stretching vibration, multiple peaks in the range 
of 3125-3174 cm-1 corresponds to multiple vibrations of Ar-H protons. The stretching vibration of 
C=O of the coumarin ring results in a peak at 1693 cm-1. The peak at 1605 corresponds to azomethine 
bond (C=N) stretching.  

Table 1. Crystal structure and refinement details. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
X-ray diffraction studies: Block shaped single crystal of dimension 0.24 × 0.35 × 0.30 mm3 was 
used for X-ray diffraction study.  X-ray intensity data were collected at 293 K on a Rigaku XtaLAB 
mini diffractometer using MoKα radiation of wavelength 0.71073 Å. The data were collected for 
different settings of φ (0° to 90°), with scan width of 0.5°, exposure time of 3 s and the sample to 
detector distance of 50 mm. The complete data set was processed using crystal clear [25]. The 
experimental analysis revealed that the title compound crystallizes in triclinic crystal system with 
푃1 space group. The crystal structure was solved by direct methods and refined by full-matrix least 

Parameter Value Parameter Value 
Empirical formula C17H13ClN2O4S μ (mm-1) 0.396 
Formula weight 376.8 F000 388 
Temperature (K) 293(2) Crystal size (mm3) 0.24 × 0.35 × 0.30 
Radiation MoKα 2θ range for data collection (°) 6.914 to 55.012 
Wavelength(Å)  0.71073  Index ranges -10 ≤ h ≤ 10; -12 ≤ k ≤ 

13; -10 ≤ l ≤ 14 
Crystal system Triclinic Reflections collected 4644 
Space group 푃1 Independent reflections 3577  
a (Å) 8.196(4) Absorption correction Multi scan 

b (Å) 10.385(7) Refinement method Full matrix least-squares 
on F2 

c (Å) 11.242(7) Parameters 227 
α (°) 110.54(5) Goodness-of-fit on F2 0.997 

β (°) 109.59(7) Final R indexes [I>=2σ (I)] R1 = 0.0554, wR2 = 
 0.1465 

γ (°) 99.44(4) Final R indexes [all data] R1 = 0.0715, wR2 = 
 0.1638 

Volume (Å3) 800.0(8) Largest diff. peak/hole (eÅ-3) 0.46/-0.56 
Z 2 CCDC deposit No. 1559677 
ρcalc(Mg m −3) 1.564   
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squares on F2 using SHELXS and SHELXL programs respectively [26-27]. All the non-hydrogen 
atoms were revealed in the first difference Fourier map itself. The hydrogen atoms were positioned 
geometrically and refined using a riding model with Uiso(H)=1.2 Ueq(C) for aromatic (C–H = 0.93 Å) 
and Uiso(H)=1.5 Ueq(C) for –CH3(C–H = 0.97 Å). After several cycles of refinement, the peaks in the 
difference Fourier map showed no chemical significance and residual was saturated to 0.0554. The 
details of the crystal structure and data refinement are given in table 1. All the geometrical 
calculations were carried out using the program PLATON [28] and the diagrams were generated using 
the software MERCURY [29]. 
 
Hirshfeld surface analysis: Hirshfeld surface analysis is one of the most useful tools for exploring 
different intermolecular interactions and packing modes in crystals. Hirshfeld surface characteristics 
provide a visual picture of intermolecular interactions, molecular shapes in the crystalline 
environment in a very subtle way. Analysis of the dnorm and shape index mapped Hirshfeld surfaces 
were carried out and finger print plots were generated using the software Crystal Explorer version 3.0 
[30-32]. Surface features that are characteristic of different intermolecular interactions can be 
identified and these features can be visualized by color coding interior (di) or exterior (de) distances of 
the surface to the atoms. The dnorm mapped on the Hirshfeld surfaces were generated with color scale 
in between -0.144 au (blue) to 1.38 au (red) respectively. The 2D fingerprint plots were displayed 
with de and di distance in the range of 0.4-2.6 Å. Further the shape index mapped Hirshfeld surfaces 
were used to visualize different types of interactions [33-35].  
 
Density functional theory calculations: The geometrical structure optimization of the title 
compound was carried out in gas phase by density functional theory (DFT) calculations using B3LYP 
functionals with 6-311+G(d,p) level basis set [36-38]. The electronic absorption spectrum was 
calculated by studying the transitions among different molecular orbitals using time dependent density 
functional theory (TD-DFT) at the same level of the theory for transitions involving both singlet and 
triplet states [39]. The Mulliken charges, frontier molecular orbitals, energy gap were calculated. 
Local and global indices such as electronegativity, chemical potential, hardness, softness and 
electrophilicity were estimated using Koopman’s approximation [40]. The molecular electrostatic 
potential (MEP) maps were plotted to visualize the possible reactive sites. All the above calculations 
were performed using Gaussian 09 package [41] and were visualized using GaussView without any 
constraints on the geometry [42]. 
 

RESULT AND DISCUSSION 
 

Optical absorption studies: Optical properties of the title molecule were investigated using UV-Vis 
spectroscopy. The solution of the title compound in DMSO with a concentration of 25 µgmL-1 was 
used to measure UV-Visible absorbance in the range of 250 nm to 700 nm. The compound showed no 
absorbance for wavelengths more than 550 nm below which it exhibited significant absorbance. The 
spectrum exhibits two absorption bands with peaks at 312 nm and 467 nm. The experimentally 
measured UV-Vis absorbance spectrum is shown in figure 2 using red curve.  
 
Thermal analysis: The thermal properties of the title molecule were studied using differential 
scanning calorimetry (DSC) and thermogravimetric analysis (TGA). The DSC was carried out using 
4.0 mg of the title compound in an aluminum sample pan with a heating rate of 10°C min-1 in 
dynamic nitrogen atmosphere (15 mL min-1). The TG analysis was performed using 7.6 mg of title 
compound in a platinum crucible which is heated at a rate of 10°C min-1 in dynamic nitrogen 
atmosphere with 15 mL min-1 flow rates. Figure 3 show the DSC and TGA responses of the title 
compound. The title compound exhibits two endothermic peaks in DSC curve at 218°C and 22°C 
respectively.  The first peak corresponds to the melting and the second peak may be associated with 
endothermic decomposition of the compound.  
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Figure 2. Experimental (red) and calculated (blue) UV-Vis spectrum of the title compound. 

 
      The TGA curve shows no drop in the mass of the compound till 200°C which indicates that the 
compound is thermally stable up to a temperature of 200°C. The mass of the sample used for TGA 
experiment shows a sudden decrease after 200°C. The decrease in mass was observed at a high rate 
from 200°C to 250°C with a mean temperature of 225°C. This decrease in the mass is associated with 
the decomposition of the title compound. The position of the second peak in the DSC curve and the 
mean temperature of this decrease are in very good correlation and complement each other. About 
57% decrease in the mass was observed between 200°C and 350°C.  A second drop in the mass was 
observed between 400°C to 500°C. This second weight loss corresponds to the evaporation of volatile 
fragments leaving behind very small amount of (<1%) of carbon char.  
 

 
Figure 3. (a) DSC and (b) TGA responses of the title compound. 

 
X-ray diffraction studies: The molecular structure of the title compound consists of 11 atom 
membered coumarin moiety substituted with chlorine atom and a methyl group at position 4 and 7 
respectively and a benzene ring connected to the coumarin moiety through a sulfonohydrazide moiety 
at position 3. The coumarin moiety is planar with a dihedral angle of 2.11(4) ° between the fused 
benzene and pyran rings. The dihedral angle between the coumarin and benzene ring that is attached 
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through sulfonylhydrazide moiety is 86.72(1) °. A torsion angle of 176.7(3) ° indicates that the title 
compound is in E-conformation with respect to the C=N bond. Figure 4 represents the ORTEP of the 
title compound with thermal ellipsoids drawn at 50% probability. The structural parameters such as 
bond length and bond angles are in very good agreement with the similar structures. Table 2 lists 
selected bond lengths, bond angles and torsion angles of the title compound.  
 

 
Figure 4. ORTEP of the title compound with thermal ellipsoids drawn at 50% probability. 

 
      The crystal and molecular structure of the title compound is stabilized by various intermolecular 
interactions. The compound exhibits two C—H…Cl and a C—H…O type of intra molecular 
hydrogen bonds which accounts for the stability of the molecular structure.   Also, the title compound 
exhibits N—H…O and C—H…O type of intermolecular hydrogen bonds which form alternative 
푅 (14) and 푅 (20)supramolecularsynthons connecting the molecules into a one- dimensional infinite 
chain along [011] direction as shown in figure 4. The details of the hydrogen bond geometry are listed 
in table 3. The presence of chlorine atom which has the highest electron affinity among all the 
elements, contribute significantly to the crystal structure stability by exhibiting C11–Cl12…Cg1 and 
C11–Cl12…Cg3 (Cg1 and Cg3 are center of gravity of pyran and terminal benzene rings 
respectively) interactions. Further the coumarin rings are stacked with two Cg–Cg interactions 
between the fused benzene rings and pyran rings of adjacent molecules as shown in figure 4. Different 
interaction details are listed in the table 4. The results were compared with previously reported 
molecules with similar structure and found to be in very good agreement [43]. 
 

Table 2. Selected bond lengths, bond angles and torsion angles of the title compound. 
 

Selected bond lengths (Å) Selected bond angles (°) Selected torsion angles (°) 

 
XRD DFT  XRD DFT  XRD DFT 

O1-C2  1.193(5) 1.203 O1-C2-O3 115.7(3) 116.82 C14-N15-N16-S17 36.6(4) 30.00 
O3-C2 1.373(4) 1.393 O3-C2-C13 118.0(3) 116.57 N15-N16-S17-O18 54.5(3) 57.94 
O3-C4 1.371(4) 1.359 O18-S17-O19 119.38(3) 122.97 N15-N16-S17-C20 61.9(2) 57.35 
N15-C14 1.275(4) 1.288 O18-S17-N16 108.6(2) 107.62 O3-C2-C13-C11 3.8(4) 2.41 
Cl12-C11 1.728(2) 1.757 N16-S17-C20 105.76(1) 105.91 C2-C13-C14-N15 10.5(5) 18.03 
S17-N16 1.659(2) 1.728 N16-N15-C14 118.5(2) 120.51 C13-C14-N15-N16 176.7(3) 178.65 
N15-N16 1.393(3) 1.363 S17-N16-N15 125.47(9) 128.47 C21-C20-S17-N16 96.0(2) 98.18 
C4-C10 1.392(4) 1.405 S17-C20-C25 118.8(2) 118.70 C25-C20-S17-N16 85.0(2) 81.50 
C13-C14 1.460(5) 1.463 N15-C14-C13 122.7(3) 121.18 S17-C20-C25-C24 179.4(2) 179.08 
S17-C20 1.760(3) 1.795 Cl12-C11-C10 117.3(2) 116.79 C25-C20-S17-O19 27.1(2) 28.12 
Correlation coefficient: 0.99344 Correlation coefficient: 0.94817 Correlation coefficient: 0.99946 

 
Hirshfeld surface analysis: Hirshfeld surface analysis was carried out with dnorm/shape index mapped 
Hirshfeld surfaces and finger print plots to visualize and understand the intermolecular interactions of 
the title compound. Figure 5(a) shows the dnorm mapped Hirshfeld surface where the red spots 
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represent the high interaction regions. Similarly figure 5(b) and 5(c) depict the shape index mapped 
Hirshfeld surface highlighting C…C and C…Cl interactions. The H…H and O…H (N—H…O and 

 
 

Table 3. Different interactions of the title compound. 
 

Hydrogen bond 
No. Type Donor H Accepter D—H(Å) H…A(Å) D…A(Å) D—H…A(°) 
1 Interi N(16) H(16) O(1) 0.86 2.3 2.905(4) 128 
2 Interj C(5) H(5) O(19) 0.93 2.54 3.406(4) 155 
3 Intra C(9) H(9) Cl(12) 0.93 2.68 3.066(4) 106 
4 Intra C(14) H(14) Cl(12) 0.93 2.58 2.993(4) 107 
5 Intra C(14) H(14) O(18) 0.93 2.18 2.919(4) 136 

i: 1-x,1-y,1-z;         j: x,1+y,1+z 
C—Cl…Cg interaction 

Y—X…Cg X…Cg (Å) Y…Cg (Å) Y--X…Cg(°) 
C11—Cl12…Cg1i 3.846(3) 3.471(4) 64.46 (1) 
C11—Cl12…Cg3j 3.533(3) 5.214(4) 163.83(1) 

i: 1-x, 2-y, 1-z         ii: -x, 1-y, -z    
Cg…Cg interaction 

Cg(I)…Cg(J) Cg…Cg(Å) Alpha (°) Beta (°) Gamma (°) CgI_Perp(Å) CgJ_Prep(Å) 
Cg(1)…Cg(1)i 3.766(3) 0 23.6 23.6 3.4507(2) 3.4507(2) 
Cg(2)…Cg(2)j 3.951(3) 0 25.6 25.6 -3.5619(3) -3.5619(3) 

i: 1-x,2-y,1-z;           j: -x,2-y,1-z 
 
C—H…O) interactions are the major contributors to the Hirshfeld surface with contribution of 29.4% 
and 28.7% respectively. Due to Cg…Cg interactions, the C…H and C…C intermolecular contacts 
contribute significantly to the Hirshfeld surface with a contribution of 16% and 6.9% respectively. 
About 5.2% of contribution is from C…Cl intermolecular contacts due to the presence of Cl…Cg 
interactions. Figure 6 shows the fingerprint plots generated for different intermolecular interactions 
along with their contribution 
 

Table 4. Calculated energy values, associated global, local indices, total polarizability and 
 total first order static hyperpolarizability of the title molecule. 

 
Parameter Value 

EHOMO (eV) -6.181 
ELUMO (eV) -2.410 
ΔE (eV) 3.771 
Electronegativity (χ) (eV) 4.296 
Chemical potential (μ) (eV) -4.296 
Global hardness (η) (eV) 1.886 
Global softness (s) (eV-1) 0.265 
Electrophilicity index (ω) (eV) 4.893 
Dipole moment (Debye) 6.935 
Isotropic polarizability (10-24 esu) 37.724 
Static hyperpolarizability (10-30 esu) 9.613 

 
Density functional theory calculations: The coordinates of the title compound were optimized using 
density functional theory (DFT) calculations using B3LYP hybrid Becke, three-parameter, Lee-Yang-
Parr (B3LYP) functional at 6-311+G(d,p) level of the theory. Selected structural parameters from 
DFT calculations are compared with those obtained from XRD studies in table 2. The structural 
parameters from the optimized structure compliment with those determined using XRD studies yields 
very good correlation coefficient. The direct energy gap between the frontier molecular orbitals 
(HOMO-LUMO) was found to be 3.771 eV.  The global and local indices such as electronegativity 
(χ), chemical potential (μ), global hardness (η), global softness (s) and electrophilicity index (ω) are 
estimated and listed in table 4. The molecular electrostatic potential map (MEP) was plotted to 
identify the possible reactive locations of the title compound (Figure 7). Further, the transitions 
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among different molecular orbitals were studied using time dependent density functional theory 
(TDDFT) calculations. The electronic absorption spectrum obtained from TDDFT calculations are 
shown in figure 2 along with the experimentally determined UV-Vis absorption spectrum.  
 

                   
         
        Figure 4. Various interactions of the title compound:                  Figure 5. Hirshfeld surfaces mapped with (a) dnorm  
       (a)hydrogen bond (b) C—Cl…Cg (red) and Cg…Cg                   (b) shape index showing C…C interaction (c) shape  
                                      (green and blue).                                              index highlighting Cl…C interactions of the title                                                      
                                                                                                                                                  compound. 
       

 
Figure 6. 2D finger print plots showing contribution of different intermolecular interactions of the title compound. 

 
      The electronic absorption calculations were carried out for both singlet and triplet state transitions 
with DMSO solvent environment using IEFPCM model. The highest absorption was observed with 
respect to the transition between the frontier molecular orbitals (HOMO-LUMO) at 328 nm with 
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oscillator strength of 0.4434. Another weak but significant peak was observed at 435 nm with 
oscillator strength of 0.1826. Further the NLO properties of the molecule were investigated by 
computing first order hyperpolarizabilities which showed that the molecule exhibits significantly large 
first order static hyperpolarizabilities which is about 20 times larger than the reference material urea. 

 

 
Figure 7. HOMO-LUMO and MEP of the title compound. 

 
APPLICATION 

 
With high thermal stability and no absorbance in the visible region of the spectra indicate that the title 
compound can be a potential candidate for high energy optical applications. Further, high 
hyperpolarizability values for the compound make it a promising candidate for NLO applications. 
 
 

CONCLUSIONS 
 

A novel coumarin derivative containing benzene sulfonohydrazide moiety was synthesized by 
condensation reaction between. The compound was characterized by various spectroscopic techniques 
and the structure was confirmed by X-ray diffraction method.  The thermal studies demonstrated high 
thermal stability of the title compound up to 200°C, at higher temperature the compound undergo 
endothermic decomposition.  The optical studies revealed that the compound exhibit no absorption in 
the visible region but good absorbance in the measured UV region with an absorption peak at 312 nm. 
The title compound exhibits diverse intermolecular interactions including C—H…O, N—H…O,   
C—H…Cl type of hydrogen bonds, C—Cl…Cg and Cg…Cg interactions which accounts for stability 
of crystal and molecular structure. The crystal packing of the title compound revealed that the 
molecules are connected to an infinite one dimensional chain along [011] direction through 
intermolecular hydrogen bond which further form alternative 푅 (14) and 푅 (20) supramolecular 
synthons. The Hirshfeld surface analysis showed that H…H (29.4%), O…H (28.7%) being the major 
contributors followed by C…H (16%), C…C (6.9%) and C…Cl (5.2%) interactions.  The geometrical 
parameters calculated using DFT calculations display very good correlation with those determined by 
XRD method. The time dependent density functional theory (TDDFT) calculations revealed optical 
absorbance peak at 328 nm corresponds to the transition between the frontier molecular orbitals. 
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