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Abstract 

 Three nimesulide derivatives, N-[4-(2,5-dioxo-pyrrolidin-1-yl)-2-phenoxyphenyl] 
methanesulfonamide (2), N-[4-(4-methanesulfonylamino-3-phenoxy phenylsulfamoyl) phenyl] 
acetamide (3) and 4-(4-methanesulfonylamino-3-phenoxyphenyl-carbamoyl)-butanoic acid (4), 
have been synthesized and their crystal structures have been determined from laboratory powder 
X-ray diffraction data. The nature of intermolecular interactions in 2-4 has been analyzed 
through Hirshfeld surfaces and 2D fingerprint plots, and compared with that in the nimesulide 
polymorphs (1a and 1b). The crystal packing in 2-4 exhibits an interplay of N-H…O, O-H…O 
(in 4), C-H...O and C-H…π (in 2) hydrogen bonds, which assemble molecules into 
supramolecular framework. Hydrogen-bond based interactions in 2-4 have been complemented 
by calculating molecular electrostatic potential (MEP) surfaces. In a competitive molecular 
recognition situation, the effectiveness of -NH moiety as hydrogen bond donor is comparable to 
that of -COOH moiety in 4. Hirshfeld surface analyses of 2-4 as well as a few related nimesulide 
derivatives indicate that about 90% of the Hirshfeld surface areas in these compounds are due to 
H…H, C…H and O…H contacts. 
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have been synthesized and their crystal structures have been determined from laboratory powder 

X-ray diffraction data. The nature of intermolecular interactions in 2-4 has been analyzed 

through Hirshfeld surfaces and 2D fingerprint plots, and compared with that in the nimesulide 

polymorphs (1a and 1b). The crystal packing in 2-4 exhibits an interplay of N-H…O, O-H…O 

(in 4), C-H...O and C-H…π (in 2) hydrogen bonds, which assemble molecules into 

supramolecular framework. Hydrogen-bond based interactions in 2-4 have been complemented 

by calculating molecular electrostatic potential (MEP) surfaces. In a competitive molecular 

recognition situation, the effectiveness of -NH moiety as hydrogen bond donor is comparable to 

that of -COOH moiety in 4. Hirshfeld surface analyses of 2-4 as well as a few related nimesulide 

derivatives indicate that about 90% of the Hirshfeld surface areas in these compounds are due to 

H…H, C…H and O…H contacts. 
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Introduction 

 Intermolecular interactions, in particular, hydrogen bonds have been a topic of 

considerable importance across many scientific disciplines1-3, and it is indeed the basis of life 

due to its structural role, in DNA2, 4, 5, enzymes6-8 and proteins9-11. In crystal engineering 

perspective, hydrogen bonds play a key role for the assembly and organization of organic 

building blocks using the concept of motifs and synthons12, 13. In pharmaceutical science, the 

active pharmaceutical ingredients (APIs), which enable the efficacy of drug delivery system, are 

inherently amenable to crystal engineering as they contain functional groups with multiple 

hydrogen bond donors and acceptors14-17. Many of the synthons involving N/O-H…O/N 

hydrogen bonds possess the requisite robustness and reproducibility for the design and synthesis 

of new solid-state materials with desirable structure and properties18, 19. In addition to relatively 

strong hydrogen bonds, weak interactions such as C-H…X (X=O, N), C/N-H…π hydrogen 

bonds and π…π stacking also influence significantly the self-assembly process in organic 

compounds. These interactions are individually weaker and geometrically less well-defined, their 

combined effect, however, can be equally important as strong interactions20, 21. The distance and 

directional criteria of specific hydrogen bonds made by the functional groups in molecules have 

been generally used in describing the crystal packing of molecular solids22-24. 

 Etter25, 26 developed a set of empirical rules useful for determining preferred modes of 

hydrogen bonding. However, most hydrogen bonds are primarily electrostatic in nature and vary 

in strength according to the different donor/acceptor properties of functional groups and their 

environment, thus predicting supramolecular structures driven by hydrogen bonding can be 

challenging27-30. In this context, effective means for ranking hydrogen-bond donor and acceptor 

groups could provide useful guidelines for designing new materials. Hunter and co-workers31, 32 

proposed a strategy for ranking the relative strength of hydrogen-bond donors and acceptors 

based on molecular electrostatic potential (MEP) surface value. An extensive body of work 

correlating MEP with crystal packing via intermolecular interactions has been reported33-37. 

 In general, knowledge of crystal structure is a perquisite for understanding intermolecular 

interactions and other properties of crystalline materials. Although single crystal X-ray 

diffraction (XRD) is the method of choice for determining crystal structures of molecular 

compounds, an intrinsic limitation of this approach is the requirement to obtain single crystal of 

Page 3 of 40

ACS Paragon Plus Environment

Crystal Growth & Design

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



4 

 

appropriate size and quality that make them amenable to structure analysis. As many important 

materials including the present nimesulide derivatives are available only as microcrystalline 

powder, structure determination directly from powder X-ray diffraction (PXRD) is highly 

desirable. The task of crystal structure determination from X-ray powder diffraction is, however, 

considerably more challenging than that of its single crystal counterpart38 because, first, the 

information content of a powder diffraction is markedly lower and second, it is far more difficult 

to extract structural information from a PXRD pattern due to systematic as well as random 

overlapping of peaks. Fortunately, there have been significant advances in recent years in the 

techniques for carrying out ab-initio structure determination of organic molecular solids directly 

from PXRD data, particularly through the development of the direct-space strategy for structure 

solution39-45. 

 Nimesulide, N-(4-nitro-2-phenoxyphenyl) methanesulfonamide (1), is a well known non-

steroidal anti-inflammatory drug (NSAID), which can inhibit cyclooxygenase-2 (COX-2) 

enzyme selectively46. Since the nitro group in 1 is known to be associated with toxic side effects 

including gastrointestinal erosions47-49, several nimesulide derivatives aiming at improving its 

tolerability profile and reducing its toxicity have been reported by changing in 1 the nitro group 

with an appropriate electron withdrawing moiety49-51. With this background, we synthesized 

three nimesulide derivatives, N-[4-(2,5-dioxo-pyrrolidin-1-yl)-2-phenoxyphenyl] 

methanesulfonamide (2), N-[4-(4-methanesulfonylamino-3-phenoxy phenylsulfamoyl) phenyl] 

acetamide (3) and 4-(4-methanesulfonylamino-3-phenoxyphenyl-carbamoyl)-butanoic acid (4), 

with different aromatic/aliphatic substitutions replacing the nitro group in nimesulide (1) to 

analyze differences in crystal packing due to changes in the substituents. Since our attempts to 

grow suitable single crystals of 2-4 for X-ray analysis resulted in assemblies of microcrystals, 

structure determination was attempted from X-ray powder diffraction. Intermolecular hydrogen 

bonds facilitating supramolecular structures in 2-4 have been discussed with a detailed 

assessment of molecular electrostatic potential (MEP) surface for ranking different hydrogen 

bond donor and acceptor groups. An investigation of close intermolecular interactions in 2-4, 

nimesulide (1) and a few related substituted nimesulide derivatives via Hirshfeld surface analysis 

is also presented. 
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Experimental Section 

Materials and general methods 

 All chemicals were obtained from commercial sources and used without further 

purification. Solvents were dried using the standard method, and chromatographic purification 

was performed using silica gel (100-200 mesh). Elemental analysis was carried out with a 

PerkinElmer 240 C analyzer. Fourier transform infrared (FTIR) spectra were recorded on a 

Perkin Elmer Spectrum Bx II Spectrometer as KBr pellets. 1H NMR and 13C NMR were 

measured at 22° C using a Bruker DPX-300 Spectrometer using CDCl3 or DMSO-d6 as solvent. 

Mass spectra were recorded on a Jeol JMC D-300 instrument with an electron ionization 

potential of 70 eV. Melting points were determined by an open glass capillary method and were 

uncorrected. 

Synthesis 

 N-(4-amino-2-phenoxy phenyl) methanesulfonamide (1′) was prepared by reduction of 

N-(4-nitro-2-phenoxy phenyl) methanesulfonamide (1, nimesulide) using Sn and HCl. The 

reaction was carried out at 90° C for 3 hours (Scheme 1). For the synthesis of 2 and 4, the 

aromatic amine (1′) (278 mg, 1.0 mmol) was treated with the corresponding cyclic anhydrides, 

2a (148 mg, 1.0 mmol) and 4a (100 mg, 1.0 mmol), according to the desired product followed by 

refluxing in glacial acetic acid (3 ml) for 1 hour in presence of anhydrous sodium acetate 

(Scheme 1). After completion of reaction (monitored by TLC at regular intervals), the reaction 

mixture was quenched in crushed ice and stirred. The solid mass separated was filtered and 

dried. The crude product on purification by column chromatography on silica gel (100-200 

mesh) using chloroform-ethyl acetate (3:1) and crystallization from aqueous methanol (1:1) 

yielded microcrystalline powders of N-[4-(2,5-dioxo-pyrrolidin-1-yl)-2-

phenoxyphenyl]methanesulfonamide (2) and 4-(4-methanesulfonylamino-3-phenoxyphenyl-

carbamoyl)-butanoic acid (4). For synthesis of 3, amine (1′) (1g, 3.56 mmol) was dissolved in 

dry chloroform and triethylamine (0.6 ml) was added to it. The solution was cooled to 0° C and 

sulfonyl chloride (3a, 3.56 mmol) was added drop wise with stirring. The reaction mixture was 

further stirred for 15 minutes, poured into water (20 ml) and extracted with chloroform (3×25 

ml). Organic layer was collected and washed with 10% HCl (10ml) followed by water (2×10 

ml), dried over anhydrous Na2SO4 and concentrated. The residue was crystallized from 
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chloroform-ethyl acetate (3:1) to yield microcrystalline powder of N-[4-(4-

methanesulfonylamino-3-phenoxy phenylsulfamoyl) phenyl] acetamide (3). 

 

N-[4-(2,5-dioxo-pyrrolidin-1-yl)-2-phenoxyphenyl]methanesulfonamide (2) 

Colorless solid; mp 226(2) ºC; IR (KBr) νmax/cm-1: 1707; 1HNMR (300 MHz, CDCl3) d 2.7 (s, 

4H), 3.1 (s, 3H), 6.8 (s, 1H), 7.1( m, 3H,), 7.3 (m, 1H), 7.4 (m, 3H), 9.5 (s, NH,); 13CNMR (75 

MHz, CDCl3) d 28.3 (CH2), 39.8 (CH3), 115.9 (CH), 119.1 (CH), 120.8 (CH), 122.1 (CH), 

124.8 (CH), 128.1(C), 128.6 (C), 130.2 (CH), 147.2 (C), 155.1 (C), 175.7 (CO); Mass 361 (M+, 

100%); Elemental analysis found: C 56.70, H 4.50, N 7.74%; calculated for C17H16O5N2S; C 

56.66, H 4.47, N 7.77%. 

 

N-[4-(4-methanesulfonylamino-3-phenoxy phenylsulfamoyl) phenyl] acetamide (3) 

Colorless solid; mp 185(2) ºC; IR (KBr) νmax/ cm-1: 3231, 3315, 1658, 1604; 1H NMR (200 

MHz, DMSO-d6) δ 9.87 (s, 1H), 9.77 (s, 1H), 8.17 (s, 1H), 6.74-7.78 (m, 12H), 2.16 (s, 3H), 

2.89 (s, 3H), 9.77 (s, 1H), Mass 476 (M+, 100%); Elemental analysis found: C 53.18, H 4.25, N, 

8.95%; calculated for C21H21 O6N3S2;  C 53.04, H 4.45, N 8.84%. 

 

4-(4-methanesulfonylamino-3-phenoxyphenyl-carbamoyl)-butanoic acid (4) 

Colorless solid; mp 127(1) ºC; IR (KBr) νmax/cm-1: 1671; 1HNMR (400 MHz, DMSO-d6) d 1.7 

(m, 2H), 2.4 (m, 4H), 3.0 (s, 3H), 7.0 (dd, J 8.8 and 1 Hz, 2H), 7.2-7.3 (m, 4H), 7.42 (m, 2H), 

10.0 (1H, NH); 13CNMR (75 MHz, DMSO-d6) d 20.2 (CH2), 32.9 (CH2), 35.3 (CH2), 108.6 

(CH), 113.8 (CH), 119.1 (CH), 122.3 (C), 123.8 (CH), 127.8 (CH), 129.9 (CH), 138.3 (C), 151.0 

(C), 155.9 (C), 170.7 (C), 174.0 (CO); Mass 391 (M+, 100%); Elemental analysis found: C 

55.21, H 4.95, N 7.32 %; calculated for C18H20O6N2S; C 55.10, H 5.10, N 7.14%. 

X-ray Powder Diffraction 

 Powder X-ray diffraction (PXRD) data of 2-4 were recorded at ambient temperature [293 

(2) K] on a Bruker D8 Advance diffractometer operating in the Bragg-Brentano geometry with 

CuKα radiation (λ=1.5418Å) for 2 and 4, and Ge-monochromated CuKα1 radiation (λ=1.5406Å) 

for 3. The PXRD patterns of 2-4  were indexed using the NTREOR code52 in the program EXPO 

201453 yielding monoclinic unit cells. Given the volume of unit cell and consideration of density, 

the number of formula units in the unit cell of 2-4 turned out as Z=4. Although the correct space 

group could not be assigned unambiguously on the basis of systematic absences, statistical 
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analysis of PXRD data using the FINDSPACE module of EXPO 201453 indicated the most 

probable space group as P21/a for 2 and 4, which were used for structure solution. The unit cell 

parameters and space group assignments were validated by a Le-Bail fit of PXRD data using a 

pseudo-Voigt peak profile function54 with FOX55. For 3, however, the probable space groups 

indicated by EXPO 2014 were P2, P21, Pm, P2/m, P21/m and P21/n. Of these, the frequency of 

occurrence of P2, Pm, P2/m and P21/m among the structures in the CSD (version 5.35, 2014 

release) is very sparse (0.1-0.5%), thus the likely space group of 3 was P21/n or P21, and 

structure solution was attempted with both space groups. Structure solution of 2-4 was carried 

out by global optimization of structural models in direct space based on a Monte-Carlo search 

using the simulated annealing technique (in parallel tempering mode), as implemented in the 

program FOX55. The optimization of isolated molecules was performed using the energy 

gradient method as incorporated in MOPAC 9.056. In 3, the best fit to the experimental data was 

found for space group P21/n. 

 The best solution (i.e. the structure with lowest Rwp) was used as the initial structural 

model of 2-4 for Rietveld refinement57, which was carried out using the GSAS program58. A 

pseudo-Voigt peak profile function was used during refinement and the background of the 

PXRD patterns in 2-4 was modeled by a shifted Chebyshev function of the first kind with 20 

points regularly distributed over the entire 2θ range. Initially, the lattice parameters, background 

coefficients and profile parameters were refined followed by the refinement of the positional 

coordinates of all non-hydrogen atoms. Standard restraints were applied to bond lengths and 

bond angles, and planar restraints were used for phenyl groups in 2-4. A common isotropic 

displacement parameter was refined for non-hydrogen atoms. Hydrogen atoms in molecules 2-4 

were placed in calculated positions with fixed Uiso values. In the final stages of refinement, a 

preferred orientation correction using the generalized spherical harmonic model was applied. The 

final Rietveld plots of 2-4 (Fig. 1) showed good agreement between the observed PXRD profile 

and calculated powder pattern, although the observed powder profile of 3 had few very weak 

peaks in the 2θ region of 4-11° (intensity < 1% of the maximum peak) presumably due to 

unknown impurity.  The molecular views of 2-4 including the atom labeling scheme are shown 

in Fig. 2. A summary of crystal data and relevant refinement parameters for 2-4 is listed in Table 

1.  
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Hirshfeld Surface Analysis  

Hirshfeld Surfaces59-61 and associated 2D-fingerprint plots62-65 were calculated using Crystal 

Explorer66, which accepts a structure input file in the CIF format. For each point on the Hirshfeld 

isosurface, two distances de, the distance from the point to the nearest nucleus external to the 

surface, and di, the distance to the nearest nucleus internal to the surface, are defined. The 

normalized contact distance (dnorm) based on de and di is given by  

�����	 =	
�	
�	

��


�	
��
 +		��
��

��


��
��
                  (1) 

,where ri
vdW and re

vdW being the van der Waals radii of the atoms. The value of dnorm is negative 

or positive depending on intermolecular contacts being shorter or longer than the van der Waals 

separations. The parameter dnorm displays a surface with a red-white-blue color scheme, where 

bright red spots highlight shorter contacts, white areas represent contacts around the van der 

Waals separation, and blue regions are devoid of close contacts. 

Computational Study 

 Density Functional Theory (DFT) calculations were performed in the solid state 

(periodic) for 2-4 with the Dmol3 code67 in the framework of a generalized gradient 

approximation (GGA)68. The geometry optimization was carried out using BLYP correlation 

functional69,70 with a double numeric plus basis set. The starting atomic coordinates were taken 

from the final X-ray refinement cycle and geometry optimization was carried out without any 

structural constraints. 

 The molecular electrostatic potential (MEP) is an effective tool for identifying and 

ranking the hydrogen bond donating and accepting sites in organic compounds34, 35. The 

electrostatic potential at any point �� in the space surrounding a molecule can be expressed by 

V(r�)	=	∑ ��
����������
����

� 	-	�
 (�!����)"�!
|���
�!����|

																							(2) 

 

, where zA is the charge of the nucleus A located at $%����� and &(��) is the molecular electron density 

function. The sign of V(r�) at a particular region depends upon whether the effect of the nucleus 

or the electrons is dominant there. The MEP surfaces of 2-4 were generated and the electron 

densities including esp charges were evaluated using an isolated molecule DFT calculation 
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starting with the geometry optimized models as input in the Dmol3 code with the same set up as 

earlier. The electrostatic potentials were plotted on 0.017 au electron density isosurface71. The 

MEP surfaces have been mapped with a rainbow color scheme with red representing the highest 

negative potential region while blue representing the highest positive potential region.  

 

Result and discussion 

 The essential difference between nimesulide (1) and compounds (2-4) is that the nitro 

group at the C-3 position in 1 has been replaced by different electron donating moieties, a 

pyrrolidine-2,5-dione in 2 and substituted benzosulfonamide and acetamide derivatives in 3 and 

4, respectively. The overall conformation of molecules in 2-4 can be described by relative 

orientations of oxo-bridged phenyl rings (A: C1-C6 atoms and B: C8-C13 atoms) as well as the 

substituents at C-3 position (Fig. 1). The dihedral angles between the least squares planes 

through rings A and B in 2-4 are 86.46(12), 68.74(13) and 68.77(13)°, respectively; the 

corresponding angles in two polymorphs of nimesulide, WINWUL(1a)72
 and WINWUL01(1b)73

 

are 74.9(2)°  and 72.3(2)/76.4(2)°, respectively. While in 2, the pyrrolidin ring at C-3 position is 

twisted about the C3-N2 bond with respect to the phenyl ring A by 69.7(2)°, the benzene 

sulfonamide (N2/S2/O4/O5/C14-C19) fragment in 3 exhibits a syn configuration with respect to 

ring A; the torsion angle C3-N2-S2-C14 is -51.6(5)°. The conformation of carbamoylbutanoic 

acid moiety in 4 is established by torsion angles C3-N2-C14-C15 of 176.0(4)°, C14-C15-C16-

C17 of -53.6(5)° and C16-C17-C18-O6 of -142.1(7)°. The difference in orientation of the 

methanesulfonamide group in compounds is revealed by torsion angle C6-N1-S1-C7 of 65. 5(5)° 

in 2, -53.1(4)° in 3 and 74.9(5)° in 4; the corresponding values in the nimesulide polymorphs are 

59.2(3)° in 1a, -61.1(5)° and -60.2(5)° in 1b, respectively. An overlay of molecular 

conformations of the title compounds as determined by X-ray powder diffraction analysis and 

theoretical calculations (solid state DFT) is shown in Fig. 3. The r.m.s. deviations of the 

geometrically optimized bond lengths and bond angles from the corresponding 

crystallographically determined values are 0.02Å, 1.6° in 2, 0.03Å, 2.2° in 3 and 0.03Å, 2.6° in 

4. Close agreement between the X-ray analyzed structure and that obtained via quantum-

mechanical calculations probably indicates that the compounds studied are stable conformers. 

 The crystal packing in 2-4 exhibits an interplay of intermolecular N-H…O, O-H…O, C-

H..O and C-H…π (arene) hydrogen bonds (Table 2). A pair of intermolecular N-H…O hydrogen 
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bonds in 2 (Table 2) with sulfonamide N1 atom in the molecule at (x, y, z) acting as a donor to 

sulfonyl O2 atom in the molecule at (1-x, 1-y, -z) produces a centrosymmetrtic dimeric ring (M) 

with an R2
2(8) graph-set motif74. Similarly, the C7-H7B…O1 hydrogen bonds (Table 2) form 

another type of R2
2(8) ring (N). Two types of R2

2(8)  rings are spiro-fused to generate a C2
2(8) 

chain along the [001] direction with a MNMN… sequence (Fig. 4). Intermolecular C2-H2…O4 

hydrogen bonds in 2 connect parallel C2
2(8) chains along the [010] direction to form two-

dimensional molecular sheets parallel to the (200) plane, which on further linking through C16-

H16A…O4 hydrogen bonds results into a three dimensional supramolecular architecture (Fig. 4). 

Additional reinforcement within the three dimensional framework in 2 is provided by C17-

H17B…π (C8-C13) hydrogen bond (Table 2). 

 Among the three available NH donors in 3, N1H and N2H groups participate in 

intramolecular N-H…O interaction while the remaining N3H group takes part in intermolecular 

N-H…O hydrogen bonding. Intermolecular N3-HN3…O6 and C7-H7C…O1 hydrogen bonds in 

3 (Table 2) connect molecules into two C1
1(4) chains propagating along the [010] direction, 

which in turn combine to form a one-dimensional molecular strip built with edge-fused R2
2(32) 

synthon of dimension 9.9Å × 5.1Å (Fig. 5). The parallel strips are further joined through C7-

H7B…O6 hydrogen bonds producing R3
3(12) rings into a two-dimensional framework (Fig 5) 

parallel to the (1(01) plane. In 4, while O6-HO6…O4 hydrogen bonds between the 

centrosymmetrically related molecules facilitate formation of R2
2(18) rings, N2-HN2…O2 

hydrogen bonds generate C2
2(18) chains propagating along the [100] direction. A combination of 

C2
2(18) chains and R2

2(18) rings produces a columnar architecture. The molecular columns in 4 

with axis parallel to the [010] direction are edge-fused along the crystallographic a-axis (Fig. 6). 

Finally, C10-H10…O5 hydrogen bonds expand the columnar assembly in 4 along the [001] 

direction into a three dimensional supramolecular framework.   

 The Hirshfeld surfaces of 2-4 are illustrated in Fig. 7 (i), showing surfaces that have been 

mapped over a dnorm range of 0.5 to 1.5 Å. The dominant interaction between the amine NH 

group and the sulfonyl O atom in 2 and 4 (carbonyl O atom in 3) can be seen in the Hirshfeld 

surface (Fig. 7 (i)) as bright red spots labeled as ‘a’ and ‘a'’, while almost equally bright red 

spots (b/b') in Fig. 5(i) are due to the O-H…O hydrogen bond in 4. The light red areas marked as 

c/c' in Fig. 7 (i) can be attributed to the C-H…O hydrogen bonds in 2-4. Other visible red 

patches (d and e) in Fig. 7 (i) for 2 and 3 correspond to C…O and H…H interactions, 

Page 10 of 40

ACS Paragon Plus Environment

Crystal Growth & Design

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



11 

 

respectively.In the 2D fingerprint plots (Fig. 7 (ii)), two sharp spikes (labeled as ’a’ and ‘a'’) of 

almost equal length in the region 2.1<de+di<2.5 Å are characteristics of N-H…O interactions. 

The spikes (labeled as b/b' and c/c') due to O-H…O and C-H…O hydrogen bonds in 2-4 are 

masked within the corresponding N-H…O spikes (a/a') in Fig. 7 (ii).The wings marked with 

black circles in Fig. 7 (ii) represent the C-H…π interaction in 2. The central spikes (Fig. 7 (ii)) 

extending upto (di, de) region of (1.1Å, 1.1Å) in 2, (0.9Å, 0.9Å) in 3 and (0.95Å, 0.95Å) in 4 

reveal relatively high percentages of H…H contacts in 2-4. The sharpness of central spike in Fig. 

7 (ii) is a consequence of close H…H contacts (~ 2.02 Å) in 3. The subtle differences among the 

molecular interactions in 2-4 are reflected in the distribution of scattered points in both high and 

low (di, de) regions in the fingerprint plots (Fig. 7 (ii)). The relative contribution of different 

interactions to the Hirshfeld surfaces of 2-4 as well as the two nimesulide polymorphs (1a, 1b) 

and a few nimesulide derivatives with different substitutions at the C3 position (Fig. 2)  retrieved 

from the CSD is shown in Fig. 8. It is evident from Fig. 8 that H…H, O…H and C…H 

interactions in 2-4 can account for more than 90% of the Hirshfeld surface area (92. 1% in 2, 91. 

9% in 3 and 93.5% in 4), whereas the corresponding values are 84.2% in 1a, 84.4% in 1b, and 

86.2% in 2,5-dioxodihydropyrrol-1-yl derivative (MUTJUH) 75
 of nimesulide, which has a close 

structural resemblence with 2. Due to replacement of the nitro group in nimesulide by different 

cyclic and acyclic substituents in 2-4, the contribution of H…H interactions increased steadily 

from 31.7% in 1b to 42.3% in 2 with a corresponding decrease in the contribution of C…O 

contacts from 6.9% in 1a to 1.0% in 4. A possible explanation for enhanced H…H interaction 

contribution to the Hirshfeld surface area in 2-4 is the increased percentage of hydrogen atoms in 

the molecular formula (39-43%) in comparison to that of nimesulide (36%). 

 The effect of substitutions in the nimesulide skeleton on the formation of supramolecular 

synthon has been summarized in Table 3. In nimesulide polymorphs (1a and 1b) with a strong 

electron withdrawing nitro (NO2) group at the trans position with respect to the 

methanesulfonamide moiety, the N(sulfonamide) -H…O(sulfonyl) hydrogen bond generates one-

dimensional molecular tapes comprising of C2
2(16) synthon. When the nitro group in 1 is 

replaced by a strong electron donating amino (NH2) group in OPEKOK50    , the N atom acts as a 

double donor to two sulfonyl O atoms to produce two C2
2(18) chains which combine together 

into a two-dimensional supramolecular assembly built with fused R2
2(12) and R2

2(36) rings. The 

replacement of NO2 group in 1 by bulky cyclic substituents, such as dioxopyrrolidin-1-yl in 2, 
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dioxopyrrol-1-yl in MUTJUH75, dioxoisoindole-2-yl in OPEKUQ50, phenyl-1H-triazol-1-yl in 

QOJSAL76, tolyl-1H-triazol-1-yl in QOJSEP76 and chloromethyl phenoxymethyl-1H-triazol-1-yl 

in QOJSIT76 leads to different hydrogen bonding patterns. The molecular assembly in these 

compounds exhibits cyclic R2
2(8) ring generated by N(sulfonamide) -H…O(sulfonyl) hydrogen 

bonds. The propagation of R2
2(8) rings via C(aryl)-H…O(sulfonyl) and C(aryl)-

H…O(oxopyrrol) hydrogen bonds results in different supramolecular framework in these 

structures. In 3 and 4, with acyclic substituents having multiple NH donors replacing the NO2 

group in 1, the molecular aggregation, however, reveals Cm
n(x) chains formed by N(amide)-

H…O(amide) and N(amide)-H…O(sulfonyl) hydrogen bonds. The ranking of different donor 

and acceptor groups in intermolecular hydrogen bonding in 2-4 and other NO2 substituted 

nimesulide derivatives has been further confirmed by MEP calculations. 

 The MEP surfaces of 2-4 (Fig. 9) as well as the nimesulide polymorphs (1a and 1b) and a 

few NO2 substituted nimesulide derivatives containing different hydrogen bond donors such as -

NH, -OH and -CH groups have been analyzed successfully in relation to their hydrogen bonding. 

The MEP derived charges at the BLYP level using DMol3 for atoms in 2-4 indicated high 

negative charges on the oxygen (O1-O5 in 2, O1-O6 in 3 and 4) as well as the nitrogen 

(excepting the pyrrolidin ring N2 in 2) atoms. The sulfur (S1 in 2, 4 and S1, S2 in 3) and carbon 

(C5, C8, C14, C15 in 2, C3, C5, C8, C20 in 3, C3, C5, C8, C14, C18 in 4) atoms carry 

substantial positive charge due to electron withdrawing nature of adjacent oxygen and nitrogen 

atoms. Significant positive charge accumulation on the hydrogen atoms (HN1 in 2; HN1, HN2, 

HN3 in 3; HN1, HN2, HO6 in 4) of amino and hydroxyl moieties in 2-4 suggests that these 

groups are likely to act as donors in intra- and inter-molecular D-H…X hydrogen bonds. Due to 

this charge re-distribution the dipole moments of 2-4 become 2.64, 3.75 and 4.26 a.u., 

respectively. The magnitudes of electrostatic potential maxima (Vs,max) associated with the 

hydrogen atoms of 1-4 can serve as indicators of a fairly realistic ranking of hydrogen bond 

donating ability, and the corresponding Vs,min values can be used to identify and rank hydrogen 

bond acceptor sites. The magnitudes of Vs,max and Vs,min values associated with the 

donor/acceptor groups of 1-4 and other related compounds are related to the relative strength of 

N-H..O, O-H…O and C-H…O hydrogen bonds (Table 4). In the nimesulide polymorphs (1a and 

1b), the hydrogen atoms of sulfonamide NH and oxygen atoms of the nitro group are associated 

with the maximum (51-56 Kcal mol-1) and minimum (-37 to -39 Kcal mol-1) MEP values (Table 
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4). This is consistent with the crystallographic observation which indicates that N(sulfonamide)-

H…O(nitro) is the strongest intermolecular hydrogen bond in nimesulide72,73.Three most positive 

potentials in 2 correspond to hydrogen atoms of the amino group, HN1 (Vs,max51 Kcal mol-1), 

and pyrrolidin ring, H16 and H17 (Vs,max 36-37 Kcal mol-1), which participate in hydrogen 

bonding (Table 2). The hydrogen bond acceptors in 2, on the other hand are characterized by 

three strong negative potentials around the oxygen atoms of sulfonyl and oxo groups with O1 

and O2 (Vs,min -39 Kcal mol-1) and O4 and O5 (Vs,min -35 Kcal mol-1), respectively. The 

electrostatic potentials near the bridging oxygen atom O3 in 2-4 lie in the range -2 to -10 Kcal 

mol-1. The presence of different electron withdrawing substituents can significantly modify the 

molecular electrostatic potential around phenyl rings37. While regions of negative electrostatic 

potentials of -9 Kcal mol-1 above and below the terminal benzene ring (C8-C13 atoms) in 2 

reflect the π electrons taking part in C-H… π  hydrogen bond, no such local minima could be 

observed for other aryl rings  in 2-4. 

 In 3, the amino hydrogen (HN3) is localized in the most positive potential region, Vs,max 

of 75 Kcal mol-1, while the carbonyl oxygen atom (O6) assumes the top ranked negative surface 

potential of Vs,min -40 Kcal mol-1. This indicates that among different NH donors and oxygen 

acceptors, the acetamide N/O part (N3 and O6 atoms) is favored for a relatively strong N-H…O 

hydrogen bond. The Vs,max values associated with HN1 and HN2 atoms participating in 

intramolecular N-H…O interaction in 3, are 53 and 62 Kcal mol-1, respectively. The N2-

HN2…O2 and O6-HO6…O4 intermolecular hydrogen bonds in 4 are characterized by two top 

ranked positive molecular electrostatic potentials associated with HO6 (Vs,max 79 Kcal mol-1) and 

HN2 (Vs,max 65 Kcal mol-1) atoms and corresponding most negative potentials around O2  and 

O4 (Vs,min -46 Kcal mol-1) atoms. Other strong negative potential near O5 (Vs,min -45 Kcal mol-1) 

and a moderate positive potential of 32 Kcal mol-1 around H10 can be attributed to C10-

H10…O5 intermolecular hydrogen bond in 4. Similar correlation between the MEP values of 

donor/acceptor atoms and intermolecular hydrogen bond interaction can also be established for 

other NO2 substituted nimesulide derivatives (Table 4), where most positive and most negative 

potential values correspond to strongest hydrogen bonds. 
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Conclusions 

 In summary, crystal structures of three nimesulide derivatives (2-4), in which pyrrolidin-

2,5-dione (in 2), substituted benzosulfonamide (in 3) and acetamide (in 4) moieties replacing the 

nitro group at the C-3 position in nimesulide (1), have been determined using powder crystal X-

ray diffraction (PXRD). The subtleties of crystal packing are illustrated by an interplay of N-

H…O, O-H…O, C-H...O and C-H…π (in 2) hydrogen bonds, which assemble molecules in 

compounds 2-4 into supramolecular architecture via the formation of Rm
n(x) rings and Cm

n(x) 

polymeric chains. The results also emphasize that a reliable ranking of hydrogen bond donor 

strength in 2-4 can be achieved by using molecular electrostatic potential (MEP) surfaces and for 

competing hydrogen bond donors, the selection depends strongly on the MEP values of the 

acceptor. The MEP based selectivity of hydrogen bonding can be used for designing tailor-made 

nimesulide derivatives with desired biological activity. A comparison of the relative contribution 

of different interactions to the Hirshfeld surfaces of 2-4 and a few related nimesulide derivatives 

indicated that H…H, O…H and C…H interactions can account for more than 80%  of the 

Hirshfeld surface area. Finally, the present work clearly demonstrates the potential of PXRD for 

determining the crystal structure of complex organic materials with considerable molecular 

flexibility directly from the bulk powder without the need to grow single crystals. 
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Tables 

Table 1 Crystal data and structure refinement parameters of C17H16O5N2S (2), C21H21O6N3S2 (3) 
and C18H20O6N2S (4). 

 

Compound C17H16O5N2S (2) C21H21O6N3S2 (3) C18H20O6N2S (4) 
Formula weight 360.39 475.55 392.43 
Temperature (K) 293(2) 293(2) 293 (2) 
Crystal system Monoclinic Monoclinic Monoclinic 
Wavelength (Å) 1.5418 1.5406 1.5418 
Space group P21/a P21/n P21/a 
a (Å) 32.7832(5) 23.5927(7) 18.791(4) 
b (Å) 5.8150(2) 5.1184(2) 8.967(2) 
c (Å) 8.8234(1) 17.7026(5) 11.339(3) 
α (º) 90 90 90.000 
β (º) 90.450(2) 93.745(3) 104.525(2) 
γ (º) 90 90 90.000 
Volume (Å3) 1682.0(1) 2133.1(1) 1849.5(8) 
Z 4 4 4 
Density (calculated) g cm-3 1.4232 1.4808 1.4094 
2θ interval (º) 4-96 4-90 6-100 
Step size (º) 0.02 0.02 0.02 
Counting time (sec) 20 20 20 
No. of variable parameters 209 191 219 
No. of background points 20 20 25 
Spherical harmonics 18 14 18 
Rp 0.0412 0.0198 0.0255 
Rwp 0.0585 0.0276 0.0349 
RF

2 0.0569 0.1096 0.0936 
χ2 /S 2.334 2.119 2.374 
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Table 2 Hydrogen bonds in C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4). 

 

Interaction D-H/				ÅÅÅÅ H…A/				ÅÅÅÅ D…A/				ÅÅÅÅ D-H…A/ º Symmetry code 

C17H16O5N2S (2)   

N1-HN1···O2 0.86 2.20 2.913(6) 139 1-x, 1-y, -z 

C2-H2···O4 0.93 2.55 3.449(11) 164 x, 1+y, z 

C7-H7B···O1 0.96 2.53 3.407(6) 152 1-x, 1-y, 1-z 

C16-H16A···O4 0.97 2.52 3.203(13) 128 1/2-x, 1/2+y, 1-z 

C17-H17B···Cg(2) 0.96 2.77  140 1/2-x, 1/2+y, -z 

C21H21O6N3S2 (3)   

N1-HN1…O2 0.87 2.47 2.459(7) 79 x, y, z 

N2-HN2…O4 0.86 2.49 2.460(6) 78 x, y, z 

N3-HN3···O6 0.86 2.19 3.041(6) 169 x, -1+y, z 

C7-H7B···O6 0.95 2.54 3.419(13) 154 1/2+x, 5/2-y, 1/2+z 

C7-H7C···O1 0.96 2.53 3.344(6) 142 x, -1+y, z 

C18H20O6N2S (4)  

N2-HN2···O2 0.86 1.98 2.806(9) 159 -1/2+x, 1/2-y, z 

O6-HO6···O4 0.83 2.00 2.804(12) 163 -x, 1-y, -z 

C10-H10···O5 0.93 2.33 3.204(10) 156 -x, -y, 1-z 

C17-H17A···O6 0.96 2.54 3.494(6) 176 -x, 1-y, -z 

N1-HN1···N2 0.86 2.64 3.452(5) 157 1/2-x, -1/2+y, 1-z 

Cg(2) = C8-C13 atoms for 2 
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Table 3 Supramolecular assemblies formed by hydrogen bonds in nimesulide and its derivatives 

 

 

 

Compounds Type of hydrogen bond D…A (Å) ∠∠∠∠DHA (°) Graph Set 
Notation 

WINWUL (1a)  N(sulfonamide)-H…O(nitro) 3.092(3) 151 C2
2(16) 

C(aryl)-H…O(sulfonyl) 3.459(4) 154 C2
2(14) 

     
WINWUL01 (1b)  N(sulfonamide)-H…O(nitro) 3.000(6)/3.079(6) 151/138 C2

2(16) 
C(aryl)-H…O(sulfonyl) 3.420(6)/3.463(6) 160/156 C2

2(14) 
     

MUTJUH  N(sulfonamide)-H…O(sulfonyl) 3.166(2) 157 R2
2(8) 

C(methyl)-H…O(sulfonyl) 3.428(2) 145 R2
2(8) 

     
OPEKOK  N(amine)-H…O(sulfonyl) 3.274(4) 162 C2

2(18) 
N(amine)-H…O(sulfonyl) 3.179(4) 147 C2

2(18) 
     

OPEKUQ N(sulfonamide)-H…O(sulfonyl) 3.060(2) 147 R2
2(8) 

C(aryl)-H…O(di-Oxo-Pyrrol) 3.441(2) 145 R2
2(10) 

C(methyl)-H…O(sulfonyl) 3.510(2) 152 R2
2(8) 

     
QOJSAL N(sulfonamide)-H…O(sulfonyl) 2.997(3) 147 R2

2(8) 
C(methyl)-H…O(sulfonyl) 3.516(3) 167 C2

2(8) 
C(triazole)-H…N(triazole) 3.585(4) 163 C2

2(8) 
     

QOJSEP N(sulfonamide)-H…O(sulfonyl) 2.985(9) 144 R2
2(8) 

C(aryl)-H…O(oxo-Bridge) 3.330(3) 161 C2
2(12) 

     
QOJSIT N(sulfonamide)-H…O(sulfonyl) 3.174(7) 157 R2

2(8) 
C(methyl)-H…O(sulfonyl) 2.978(9) 156 C2

2(8) 
     

Compound 2 N(sulfonamide)-H…O(sulfonyl) 2.913(6) 139 R2
2(8) 

C(methyl)-H…O(sulfonyl) 3.407(6) 152 R2
2(8) 

     
Compound 3 N(amide)-H…O(amide) 3.041(6) 169 C1

1(4) 
 C(methyl)-H…O(amide) 3.344(6) 142 C1

1(4) 
     

Compound 4 N(amide)-H…O(sulfonyl) 2.804(9) 159 C2
2(18) 

 O(carboxilic acid)-H…O(amide) 2.800(12) 163 R2
2(18) 
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Table 4 Selected Vs,max and Vs,min values for MEP surfaces of 1-4 and few other nimesulide 
derivatives. 

Compound Selected area VS,max/VS,min 
(Kcal/mol) 

C17H16O5N2S (2) Sulfonyl oxygens (O1, O2) -39 
Pyrrolidin oxo group (O4, O5) -35 

Pyrrolidin hydrogens (H16A, H16B, H17A, 
H17B) 

36 

Sulfonamide hydrogen (HN1) 51 

C21H21O6N3S2 (3) Carbonyl oxygen (O6)  -40 
Sulfonyl oxygens (O4, O5) -38 
Sulfonyl oxygens (O1, O2) -36 

Sulfonamide hydrogen (HN1) 53 
Sulfonamide hydrogen (HN2) 62 

Amide hydrogen (HN3) 75 

C18H20O6N2S (4) Sulfonyl oxygen (O2), Carbonyl oxygen (O4) -46 
Carbonyl oxygen of COOH (O5) -45 

Sulfonyl oxygen (O1) -44 
Sulfonamide hydrogen (HN1) 46 

Amide hydrogen (HN2) 65 
Carboxylic acid hydrogen (HO6) 79 

WINWUL (1a) Nitro oxygen (O3, O4) -37 
Sulfonamide hydrogen (HN1) 56 

WINWUL01 (1b) Nitro oxygen (O3, O4) -39 
Sulfonamide hydrogen (HN1, HN3) 52 

MUTJUH Sulfonyl oxygen (O2, O3) -45 
Sulfonamide hydrogen (HN2) 56 

OPEKOK Sulfonyl oxygen (O2, O3) -48 
Amino hydrogen (HN1) 58 

OPEKUQ Sulfonyl oxygen (O3) -43 
Sulfonamide hydrogen (HN2) 52 

QOJSAL Sulfonyl oxygen (O2) -33 
Sulfonamide hydrogen (HN1) 55 

QOJSEP Sulfonyl oxygen (O2, O3) -34 
Sulfonamide hydrogen (HN1) 51 

QOJSIT Sulfonyl oxygen (O2) -34 
Sulfonamide hydrogen (HN1) 56 
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Scheme and figures 

 

Scheme 1 
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Fig. 1: Final rietveld plot for C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4). The 
intensity in the high angle region has been multiplied by a factor 10. 
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Fig. 2: Molecular views with atom labeling scheme for C17H16O5N2S (2), C21H21O6N3S2 (3) and 
C18H20O6N2S (4). 

 

Fig. 3: Superposition of molecular conformations as obtained from X-ray structure analysis 
(violet) and solid state DFT calculation (blue) for C17H16O5N2S (2), C21H21O6N3S2 (3) and 

C18H20O6N2S (4). Hydrogen atoms of 4 have been omitted for clarity. 
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Fig. 4: (a) Three dimensional architecture (b) polymeric MNMN… chain formed by N-H…O 
and C-H…O hydrogen bonds in C17H16O5N2S (2). 

 

Fig. 5: Two dimensional network formed by N-H…O and C-H…O hydrogen bonds in 
C21H21O6N3S2 (3). 
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Fig. 6: Two dimensional columnar framework by O-H…O and N-H…O hydrogen bonds in 
C18H20O6N2S (4). 

 

Fig. 7:  (i) Hirshfeld surfaces and (ii) fingerprint plots for C17H16O5N2S (2), C21H21O6N3S2 (3) 
and C18H20O6N2S (4). 
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Fig. 8: Relative contribution of different interactions to the Hirshfeld surfaces of C17H16O5N2S 
(2), C21H21O6N3S2 (3) and C18H20O6N2S (4), and a few related structures from the CSD. 

 

 

Fig. 9: MEP surfaces of C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4). 
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For Table of Contents Use Only 

Three Nimesulide Derivatives: Synthesis, Ab-initio Structure Determination 

from Powder X-ray Diffraction and Quantitative Analysis of Molecular 

Surface Electrostatic Potential 

Tanusri Deya, Paramita Chatterjeea,b, Abir Bhattacharyac, Sarbani Pald and Alok K. Mukherjeea,* 

 

Three nimesulide derivatives have been synthesized, and their crystal structures are 
determined from X-ray powder diffraction. The nature of intermolecular interactions and relative 
hydrogen-bond donor strengths has been analyzed through Hirshfeld surface analysis and 
molecular electrostatic potential surface calculation. 
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Fig. 1: Final rietveld plot for C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4). The intensity in 
the high angle region has been multiplied by a factor 10.  
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Fig. 2: Molecular views with atom labeling scheme for C17H16O5N2S (2), C21H21O6N3S2 (3) and 
C18H20O6N2S (4).  
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Fig. 3: Superposition of molecular conformations as obtained from X-ray structure analysis (violet) and solid 
state DFT calculation (blue) for C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4). Hydrogen 

atoms of 4 have been omitted for clarity.  

83x146mm (300 x 300 DPI)  
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Fig. 4: (a) Three dimensional architecture (b) polymeric MNMN… chain formed by N-H…O and C-H…O 
hydrogen bonds in C17H16O5N2S (2).  
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Fig. 5:Two dimensional network formed by N-H…O and C-H…O hydrogen bonds in C21H21O6N3S2 (3).  
169x182mm (300 x 300 DPI)  
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Fig. 6: Two dimensional columnar framework by O-H…O and N-H…O hydrogen bonds in C18H20O6N2S (4).  
254x168mm (300 x 300 DPI)  
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Fig. 7:  (i) Hirshfeld surfaces and (ii) fingerprint plots for C17H16O5N2S (2), C21H21O6N3S2 (3) and 
C18H20O6N2S (4).  
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Fig. 8: Relative contribution of different interactions to the Hirshfeld surfaces of C17H16O5N2S (2), 
C21H21O6N3S2 (3) and C18H20O6N2S (4), and a few related structures from the CSD.  

169x84mm (300 x 300 DPI)  
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Fig. 9: MEP surfaces of C17H16O5N2S (2), C21H21O6N3S2 (3) and C18H20O6N2S (4).  
211x90mm (300 x 300 DPI)  
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