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The synthesis and evaluation of the pharmacological activities of molecules

containing the sulfonamide moiety have attracted interest as these compounds

are important pharmacophores. The crystal structures of three closely related

N-aryl-2,5-dimethoxybenzenesulfonamides, namely N-(2,3-dichlorophenyl)-2,5-

dimethoxybenzenesulfonamide, C14H13Cl2NO4S, (I), N-(2,4-dichlorophenyl)-

2,5-dimethoxybenzenesulfonamide, C14H13Cl2NO4S, (II), and N-(2,4-dimethyl-

phenyl)-2,5-dimethoxybenzenesulfonamide, C16H19NO4S, (III), are described.

The asymmetric unit of (I) consists of two symmetry-independent molecules,

while those of (II) and (III) contain one molecule each. The molecular

conformations are stabilized by different intramolecular interactions, viz. C—

H� � �O interactions in (I), N—H� � �Cl and C—H� � �O interactions in (II), and

C—H� � �O interactions in (III). The crystals of the three compounds display

different supramolecular architectures built by various weak intermolecular

interactions of the types C—H� � �O, C—H� � �Cl, C—H� � ��(aryl), �(aryl)–

�(aryl) and Cl� � �Cl. A detailed Hirshfeld surface analysis of these compounds

has also been conducted in order to understand the relationship between the

crystal structures. The dnorm and shape-index surfaces of (I)–(III) support the

presence of various intermolecular interactions in the three structures. Analysis

of the fingerprint plots reveals that the greatest contribution to the Hirshfeld

surfaces is from H� � �H contacts, followed by H� � �O/O� � �H contacts. In addition,

comparisons are made with the structures of some related compounds. Putative

N—H� � �O hydrogen bonds are observed in 29 of the 30 reported structures,

wherein the N—H� � �O hydrogen bonds form either C(4) chain motifs or R2
2(8)

rings. Further comparison reveals that the characteristics of the N—H� � �O

hydrogen-bond motifs, the presence of other interactions and the resultant

supramolecular architecture is largely decided by the position of the substituents

on the benzenesulfonyl ring, with the nature and position of the substituents on

the aniline ring exerting little effect. On the other hand, the crystal structures of

(I)–(III) display several weak interactions other than the common N—H� � �O

hydrogen bonds, resulting in supramolecular architectures varying from one- to

three-dimensional depending on the nature and position of the substituents on

the aniline ring.

1. Introduction

Sulfonamide drugs were the first among the chemotherapeutic

agents to be used for curing and preventing bacterial infection

in human beings (Shiva Prasad et al., 2011). The sulfonamide

linkage plays a vital role as a key constituent in a number of

biologically active molecules. Up to now, sulfonamides have

been known to exhibit a wide variety of biological activities,

such as antibacterial (Subhakara Reddy et al., 2012; Himel et

al., 1971), antifungal (Hanafy et al., 2007), anti-inflammatory
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(Kuçukguzel et al., 2013), antitumor (Ghorab et al., 2011),

anticancer (Mansour et al., 2011), anti-HIV (Sahu et al., 2007)

and antitubercular activities (Vora & Mehta, 2012). In recent

years, extensive research has been carried out on the synthesis

and evaluation of the pharmacological activities of molecules

containing the sulfonamide moiety for different activities, and

have been reported to be important pharmacophores (Mohan

et al., 2013).

With these considerations in mind and in our continued

efforts to understand the relationships among the crystal

structures of N-(disubstituted phenyl)arylsulfonamides

(Shakuntala et al., 2017a,b,c), we report herein the crystal

structures of two isomers, namely N-(2,3-dichlorophenyl)-2,5-

dimethoxybenzenesulfonamide, (I), and N-(2,4-dichloro-

phenyl)-2,5-dimethoxybenzenesulfonamide, (II), and a methyl

analogue of (II), namely N-(2,4-dimethylphenyl)-2,5-dimeth-

oxybenzenesulfonamide, (III).

2. Experimental

2.1. Synthesis and crystallization

A solution of 2,5-dimethoxybenzenesulfonyl chloride

(13 mmol) in dichloromethane (20 ml) was added dropwise to

solutions consisting of the corresponding anilines (10 mmol)

and excess pyridine in dichloromethane (20 ml) with vigorous

stirring at 273 K. After 1 h, the reactions were quenched by

the addition of water and the obtained oily products were

washed with dilute HCl. The organic layers that separated

were evaporated to give the crude products, which were

recrystallized from hexane–dichloromethane (5:1 v/v) [yield:

87% for (I), 85% for (II) and 71% for (III)]. Crystals suitable

for single-crystal X-ray diffraction were grown by slow

evaporation, at ambient temperature and in the presence of

air, of solutions of the compounds in ethanol [m.p. 423 K for

(I), 426 K for (II) and 417 K for (III)].

2.2. Refinement

Crystal data, data collection and structure refinement

details for (I)–(III) are summarized in Table 1. The amino H
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Table 1
Experimental details.

(I) (II) (III)

Crystal data
Chemical formula C14H13Cl2NO4S C14H13Cl2NO4S C16H19NO4S
Mr 362.21 362.21 321.38
Crystal system, space group Triclinic, P1 Triclinic, P1 Triclinic, P1
Temperature (K) 296 296 296
a, b, c (Å) 9.7575 (3), 11.0792 (3), 15.5286 (4) 7.4855 (5), 8.1175 (6), 13.9643 (10) 8.2859 (14), 8.7197 (15), 12.232 (2)
�, �, � (�) 88.733 (1), 83.753 (1), 66.337 (1) 98.151 (2), 95.566 (2), 114.952 (2) 70.522 (5), 80.171 (5), 78.856 (5)
V (Å3) 1528.02 (7) 749.84 (9) 812.1 (2)
Z 4 2 2
Radiation type Cu K� Cu K� Cu K�
� (mm�1) 5.26 5.36 1.92
Crystal size (mm) 0.28 � 0.25 � 0.22 0.27 � 0.24 � 0.19 0.25 � 0.22 � 0.20

Data collection
Diffractometer Bruker APEXII CCD area Bruker APEXII CCD area

detector
Bruker APEXII CCD area

Absorption correction Multi-scan (SADABS; Bruker,
2009)

Multi-scan (SADABS; Bruker,
2009)

Multi-scan (SADABS; Bruker,
2009)

Tmin, Tmax 0.286, 0.314 0.294, 0.361 0.649, 0.681
No. of measured, independent and

observed [I > 2�(I)] reflections
17943, 5044, 4940 9208, 2452, 2393 7355, 2648, 2563

Rint 0.038 0.034 0.033
(sin �/	)max (Å�1) 0.586 0.586 0.585

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.033, 0.091, 1.03 0.034, 0.100, 1.02 0.043, 0.137, 0.99
No. of reflections 5044 2452 2648
No. of parameters 409 205 207
No. of restraints 2 1 1
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

H atoms treated by a mixture of
independent and constrained
refinement

H atoms treated by a mixture of
independent and constrained
refinement

�
max, �
min (e Å�3) 0.35, �0.47 0.31, �0.39 0.19, �0.39

Computer programs: APEX2 (Bruker, 2009), SAINT-Plus (Bruker, 2009), XPREP (Bruker, 2009), SHELXT2016 (Sheldrick, 2015a), SHELXL2016 (Sheldrick, 2015b) and Mercury
(Macrae et al., 2008).



atoms were located in difference Fourier maps and refined

isotropically, with the N—H bond length restrained to be

0.86 (4) Å. All other H atoms were positioned geometrically

and refined as riding, with C—H = 0.93–0.96 Å and Uiso(H) =

1.2 or 1.5Ueq(C). A rotating model was applied to the methyl

groups. To improve the values of R1, wR2 and S (goodness-of-

fit), the following reflections were omitted from the final

refinements: 121, 010 and 001 in (I), 110, 101, 011, 011, 001,

100, 204010, 069, 113, 339, 102 and 005010 in (II), and 100, 101,

110, 010, 101, 011 and 012 in (III).

3. Results and discussion

3.1. Molecular and crystal structure

Compounds (I) and (II) are positional isomers, while (III) is

the methyl analogue of (II). All three compounds crystallize in

the triclinic crystal system and the P1 space group. The mol-

ecules of all three compounds are V-shaped and are twisted at

the respective S—N bonds. The asymmetric unit of (I) (Fig. 1)

consists of two symmetry-independent molecules (A and B),

which differ slightly in their molecular conformations, as

shown in the overlay diagram (Fig. 2), while those of (II) and

(III) (Figs. 3 and 4, respectively) contain one molecule each.

The major differences between the two molecules of (I) lie in

the orientation of the aniline ring with respect to the

benzenesulfonyl ring, which is reflected in the torsion-angle

value of the central –Carm—S—N—Carm– segment, which is

�67.49 (16)� in molecule A and 62.96 (17)� in molecule B.

Also, the disposition of the 5-methoxy substituents on the

benzenesulfonyl rings of molecules A and B are opposite, with

a torsion angle of C6—C5—O4—C14 = 5.9 (2)� in molecule A

and C20—C19—O8—C28 = 177.26 (16)� in molecule B. The

central –Carm—S—N—Carm– segments in (II) and (III) have
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Figure 3
A view of the molecular structure of (II), showing the atom labelling.
Displacement ellipsoids are drawn at the 50% probability level.
Intramolecular C—H� � �O and N—H� � �Cl interactions are shown as
dashed lines.

Figure 4
A view of the molecular structure of (III), showing the atom labelling.
Displacement ellipsoids are drawn at the 50% probability level.
Intramolecular interactions are shown as dashed lines.

Figure 1
A view of the molecular structure of (I), showing the atom labelling.
Displacement ellipsoids are drawn at the 50% probability level. Inter- and
intramolecular interactions are shown as dashed lines.

Figure 2
A view of the molecular fit of molecules A and B of compound (I).



torsion-angle values of 52.45 (19) and �59.16 (15)�, respec-

tively. The planes of the two aromatic rings are inclined to one

another at 86.05 (2)� in molecule A of (I), 89.28 (2)� in mol-

ecule B of (I), 71.57 (10)� in (II) and 82.85 (1)� in (III). In all

three structures, the ortho substituent on the aniline ring is syn

to the N—H bond in the central –Carm—S—N—Carm–

segment, allowing the molecular conformations to be stabi-

lized by different intramolecular interactions. In (I), C12—

H12� � �O2 and C26—H26� � �O6 intramolecular interactions

(Table 2 and Fig. 1) in molecules A and B, respectively, form

S(6) loops (Bernstein et al., 1995); in (II), N1—H1� � �Cl1 and

C12—H12� � �O2 intramolecular interactions (Table 3 and

Fig. 3) form loops with graph-set notations S(5) and S(6),

respectively (Bernstein et al., 1995); and in (III), C12—

H12� � �O2 intramolecular interactions (Table 4 and Fig. 4)

form S(6) loops.

In the supramolecular architecture of (I), the symmetry-

independent A molecules form two inversion-related dimers,

an R2
2(8) loop formed via N1—H1� � �O1i hydrogen bonds

(Table 2) and an R2
2(16) loop formed via C14—H14C� � �O2iii

intermolecular interactions (Table 2). These two dimers

propagate alternatively along the b axis to form C2
2(12)-

[R2
2(8)R2

2(16)] ribbons. In addition, A molecules related by

translational symmetry code (x, y + 1, z) are linked by C14—

H14B� � �Cl1ii interactions to form a C(11) chain (Bernstein et

al., 1995) running parallel to the b axis. Two such chains

propagate through each ribbon framework (Fig. 5). The

inversion-related A molecules in adjacent ribbons are inter-

linked via a pair of C4—H4� � ��(Cg1)iv interactions (Table 2;

Cg1 is the centroid of the aniline ring of molecule A) and an

offset �–� contact involving inversion-related benzene-

sulfonyl rings of molecule A [intercentroid distance =

3.6821 (4) Å, interplanar distance = 3.3372 (3) Å and

slippage = 1.556 (3) Å] that spreads into a two-dimensional

ladder-like framework composed of A molecules parallel to

the ab plane (Fig. 5). The A molecules are connected to the B

molecules via alternating discrete C3—H3� � �O5 inter-

molecular interactions and �–� contacts involving the

benzenesulfonyl rings of molecules A and B [centroid–

centroid distance = 3.7568 (4) Å] to form a discrete B–A–B

layered supramolecular architecture (Fig. 6).
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Figure 5
The two-dimensional supramolecular architecture featuring molecule A
of (I), viewed approximately along the c axis. Hydrogen bonds and other
weak interactions are shown as thin dotted lines.

Table 2
Hydrogen-bond geometry (Å, �) for (I).

Cg1 is the centroid of the aniline ring of molecule A.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C12—H12� � �O2 0.93 2.31 2.9620 (2) 126
C26—H26� � �O6 0.93 2.42 3.0533 (2) 125
N1—H1� � �O1i 0.79 2.31 3.0750 (2) 163
C3—H3� � �O5 0.93 2.40 3.2616 (2) 154
C14—H14B� � �Cl1ii 0.96 2.82 3.459 (2) 125
C14—H14C� � �O2iii 0.96 2.56 3.414 (3) 148
C4—H4� � �Cg1iv 0.93 2.82 3.7011 (2) 159

Symmetry codes: (i) �xþ 2;�y;�z þ 1; (ii) x; yþ 1; z; (iii) �xþ 2;�yþ 1;�zþ 1;
(iv) �xþ 1;�yþ 1;�zþ 1.

Table 3
Hydrogen-bond geometry (Å, �) for (II).

Cg2 is the centroid of the benzenesulfonyl ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

N1—H1� � �Cl1 0.83 (3) 2.50 (3) 2.989 (2) 119 (3)
C12—H12� � �O2 0.93 2.40 3.038 (3) 126
C14—H14B� � �O2i 0.96 2.49 3.302 (3) 142
C14—H14A� � �Cg2ii 0.96 2.89 3.645 (3) 136

Symmetry codes: (i) �xþ 1;�yþ 2;�zþ 1; (ii) �x;�y;�zþ 1.

Table 4
Hydrogen-bond geometry (Å, �) for (III).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C12—H12� � �O2 0.93 2.43 3.0572 (2) 125
N1—H1� � �O1i 0.83 2.31 3.1218 (2) 165

Symmetry code: (i) �x þ 1;�yþ 1;�z.

Figure 6
Partial crystal packing of (I), viewed approximately along the a axis,
displaying the two-dimensional architecture. Molecules A are shown in
green and molecules B in blue. Thin blue dotted lines denote different
intermolecular interactions.



In (II), the crystallization process is mediated not by the

putative N—H� � �O hydrogen bonds, but rather by C—H� � �O

intermolecular interactions. C14—H14B� � �O2i interactions

between the inversion-related molecules of (II) result in the

formation of R2
2(16) loops (Table 3 and Fig. 7). The molecules

of the dimer are further connected to the translationally

related molecules located at (�x, �y, �z + 1) via a pair of

C14—H14A� � ��(Cg2)ii interactions (Cg2 is the centroid of the

benzenesulfonyl ring) to form a ribbon framework running

parallel to the a axis (Table 3 and Fig. 7). Adjacent ribbons

spread parallel to the ab plane to form a two-dimensional grid-

like architecture (Fig. 8) via Cl1� � �Cl2 halogen bonding

[Cl� � �Cl = 3.3174 (8) Å, C10—Cl1� � �Cl2 = 164.38 (7)� and

C8—Cl2� � �Cl1 = 122.50 (9)�]. Furthermore, the two-dimen-

sional architecture is consolidated by offset �–� contacts

involving the benzenesulfonyl rings [intercentroid distance =

3.5865 (13) Å, interplanar distance = 3.4171 (9) Å and slip-

page = 1.089 (3) Å] between the molecules of adjacent ribbons

(Fig. 9).

The supramolecular assembly in compound (III) is very

simple. N1—H1� � �O1 hydrogen bonds (Table 4) between the

molecules result in the formation of R2
2(8) dimers (Fig. 10). As

there are no other weak interactions present, the supra-

molecular architecture displayed is zero-dimensional.

3.2. Hirshfeld surface analysis

The Hirshfeld surface analyses were carried out and

fingerprint plots (FPs) were plotted using the Crystal-

Explorer3.0 software (Wolff et al., 2001; Seth et al., 2011; Saikat

et al., 2013). The dnorm plots were mapped with a colour scale

between �0.18 (blue) and +1.4 au (red). The two-dimensional

(2D) FPs were displayed using the expanded 0.6–2.8 Å view.

When the CIF files were uploaded into the CrystalExplorer

software, all bond lengths to hydrogen were automatically

modified to standard neutron diffraction values, i.e. C—H =

1.083 Å and N—H = 1.009 Å. The Hirshfeld surface analysis

comprising dnorm and shape-index surfaces, and FPs were

generated for (I)–(III) in order to confirm the presence of the
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Figure 7
Partial crystal packing of (II), viewed down the b axis, displaying the one-
dimensional ribbons. Thin blue and green dotted lines denote C—H� � �O
hydrogen bonds and C—H� � �� intermolecular interactions.

Figure 8
Partial crystal packing of (II), viewed approximately along (a) the c axis and (b) the a axis, displaying the two-dimensional grids. Thin dotted lines denote
various intermolecular interactions.

Figure 9
A view of the �–� interactions (thin orange dotted lines) in (II). C—
H� � �O, C—H� � �� and Cl� � �Cl interactions are also shown as thin blue
lines.



intermolecular interactions discussed above and also to

provide quantitative data for the relative contributions to the

Hirshfeld surfaces. In a dnorm surface, hydrogen bonds result in

dark-red spots near the hydrogen-bonding acceptor and donor

atoms, while intermolecular interactions result in faint-red

spots. Further, the presence of patterns of red and blue

triangles on the same region of the shape-index surfaces is a

characteristic of �–� stacking.

The Hirshfeld surfaces of molecules A and B of (I) are

displayed in Figs. 11 and 12, respectively. In the dnorm surface

(highlighting O� � �H/H� � �O contacts only) of molecule A of (I)

(Fig. 11a), the dark-red spots on the H1 and O1 atoms are a

result of the complementary N1—H1� � �O1i hydrogen bonds

between two A molecules, resulting in the formation of a

dimer. Similarly, faint-red spots close to atoms O2 and H14C

result from the R2
2(16) dimer formed via complementary

C14—H14C� � �O2iii interactions between the molecules.

Futhermore, the faint-red spot close to the H3 atom supports

the presence of discrete C3—H3� � �O5 interactions between

molecules A and B. Neighbouring molecules participating in

various interactions with molecule A (on which the dnorm is

generated) are shown in Fig. 11(a). Fig. 11(b) displays the

shape-index surface (highlighting C� � �H/H� � �C contacts only)

mapped over the Hirshfeld surface of molecule A. A dark-blue

spot (donor) close to the H4 atom and a dark-red spot close to

the centroid of the aniline ring of molecule A (acceptor) are

observed due to the pair of C4—H4� � ��(Cg1)iv interactions

between the inversion-related dimers of molecule A. Similarly,

the shape-index surface (highlighting C� � �C contacts only),

mapped over the Hirshfeld surface of molecule A, is shown in

Fig. 11(c). The patterns of red and blue triangles close to the

centroid of the benzenesulfonyl ring support the �–� stacking

observed in (I). On the other hand, the Hirshfeld surface plots

of molecule B (Fig. 12) are very different from those of mol-

ecule A, indicating the varied nature and type of hydrogen

bonds/interactions in which these molecules participate. In the

dnorm surface of molecule B (Fig. 12a), a faint-red spot is

identified close to the O5 atom resulting from the C3—

H3� � �O5 interactions between molecules A and B. No other

significant spots are observed on the surface. The presence of

�–� stacking between molecules A and B is demonstrated in

the shape-index surface (highlighting C� � �C contacts only) of

molecule B (Fig. 12b). The presence of various interactions in

(II) and (III) can be easily characterized with the help of the

Hirshfeld surfaces (Figs. 13 and 14, respectively) on similar

lines to that of (I).

A quantitative analysis of the intermolecular interactions

apparent in the crystals of (I)–(III) was attempted by

comparing their two-dimensional FPs (Fig. 15). The FPs

representing the overall contacts of the three compounds are

remarkably different in both size and shape, and therefore

confirm the varied nature of the interatomic contacts in the

three crystals. The complementary N—H� � �O hydrogen bonds

in molecule A of (I), labelled as ‘1’ (Fig. 15), appear as two

distinct long sharp spikes in the FP at di + de ’ 2.2 Å, which is

very close to the observed H1� � �O1 distance of 2.31 Å

(Table 2). Similar spikes characteristic of complementary N—

H� � �O hydrogen bonds are seen in the FPs of (III) at di + de’
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Figure 10
The crystal packing of (III), displaying the formation of R2

2(8) dimers via
N—H� � �O hydrogen bonds. Generic atom labels without symmetry codes
have been used.

Figure 11
dnorm and shape-index surfaces mapped on the Hirshfeld surfaces in molecule A of (I), highlighting (a) O� � �H/H� � �O contacts, (b) C—H� � �� interactions
and (c) �–� interactions.
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Figure 12
dnorm and shape-index surfaces mapped on the Hirshfeld surfaces in molecule B of (I), highlighting (a) O� � �H/H� � �O contacts and (b) �–� interactions.

Figure 13
dnorm and shape-index surfaces mapped on the Hirshfeld surfaces in (II), highlighting (a) O� � �H/H� � �O contacts, (b) short Cl� � �Cl contacts, (c) C—H� � ��
interactions and (d) �–� interactions.



2.2 Å, which is very close to the observed H1� � �O1i distance of

2.31 Å (Table 4). In molecule B of (I), a single sharp spike in

the FP (an indication of the discrete intermolecular inter-

actions) at di + de ’ 2.3 Å is observed, which is very close to

the observed H3� � �O5 distance of 2.40 Å (Table 2). Further-

more, in the FP of (II), two distinct spikes at di + de ’ 2.4 Å

are observed, which is very close to the observed H14B� � �O2i

distance of 2.49 Å (Table 3) resulting from the complementary

C14—H14B� � �O2i contacts. The C—H� � �� interactions in

molecule A of (I) appear as a pair of blunt spikes (marked as

‘2’ in Fig. 15) at (de, di) ’ (1.7, 1.1 Å) and (de, di) ’ (1.1,

1.7 Å), while the distribution of scattered points of C—H� � �Cl

interactions (marked as ‘3’ in Fig. 15) partially overlap with

the scattered points of the C—H� � �� interactions. In (II), the

C—H� � �� interactions appear as a pair of blunt spikes at (de,

di) ’ (1.8, 1.1 Å) and (de, di) ’ (1.1, 1.8 Å), which is close to

the H14A� � ��(Cg2)ii distance of 2.89 Å (Table 3). The �–�
interactions in (I) and (II) are supported by the respective FPs

for C� � �C contacts (not shown), with the shortest di + de

distances in the range 3.6–3.8 Å (marked as ‘4’ in Fig. 15). The

regions marked as ‘5’ in the FP of (II) (Fig. 15), located near de

= di ’ 1.7 Å, are a result of short Cl1� � �Cl1 contacts occuring

in (II) [Cl� � �Cl = 3.3174 (8) Å].

The relative contributions of the different intermolecular

interactions to the Hirshfeld surfaces for (I)–(III) were

calculated (Fig. 16). The greatest contribution is from H� � �H

contacts, followed by H� � �O/O� � �H contacts. The contribution

from H� � �H contacts varies from 24.1% in molecule A of (I) to

50.3% in (III). The contribution from H� � �O/O� � �H contacts

is significant and varies from 21.3% in molecule B of (I) to

26.5% in (II). The relatively higher values are due to the

presence of N—H� � �O and C—H� � �O interactions in (I)–(III).

The contribution from C� � �C contacts in molecules A and B of

(I) and (II) is significant and varies from 4.5 to 5.6%. However,

in (III), the contribution is considerably reduced. The rela-

tively high values in molecules A and B of (I) and in (II) are

due to the presence of short �–� contacts, whereas in (III),

these interactions are absent and therefore a low value of

1.0% is observed. The Cl� � �Cl contacts contribute 4.2% in (II),

while in molecules A and B of (I), the contribution is just

1.0%. The high percentage observed in (II) is a result of short

Cl1� � �Cl1 contacts occuring in (II), as described earlier. The

analysis of the contribution from C� � �H/H� � �C contacts

(arising from C—H� � �� interactions) shows results that are

contradictory to the analysis of the crystal structure. The

C� � �H/H� � �C contacts in molecule A of (I) and in (II), in spite

of the presence of the C—H� � �� interactions, contribute just
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Figure 14
dnorm surface mapped on the Hirshfeld surface in (III).

Figure 15
Two-dimensional (2D) fingerprint plots for (I) (molecules A and B), (II)
and (III). di is the closest internal distance from a given point on the
Hirshfeld surface and de is the closest external contact.

Figure 16
Percentage contributions of the various intermolecular contacts contri-
buting to the Hirshfeld surfaces of (I)–(III).



13.5 and 15.3%, respectively, to the Hirshfeld surfaces,

whereas in molecule B of (I) and in (III), where no C—H� � ��
interactions are observed, the contributions are 21.2% each.

The exact reason for these contradictory results is not clearly

understood.

The crystal structures of 30 related compounds were

analysed to compare the packing patterns and to study the

influence of varying the nature and position of the ring

substituent(s) upon the nature of the intermolecular inter-

actions exhibited in the compounds and resultant supra-

molecular architecture. These 30 compounds along with the

three title compounds, (I)–(III), are grouped into five series.

Series 1: 2,4-dichloro-N-(disubstituted phenyl)benzene-

sulfonamides consisting of eight compounds, namely 2,4-di-

chloro-N-(2,3-dichloro/3,4-dichloro/3,5-dichloro/2,4-dimethyl/

2,5-dimethyl/2,6-dimethyl/3,4-dimethyl/3,5-dimethylphenyl)-

benzenesulfonamides (Gowda et al., 2009a; Vinola et al.,

2011a–g).

Series 2: N-(disubstituted phenyl)-2,4-dimethylbenzene-

sulfonamides consisting of nine compounds, namely N-(2,3-

dichloro/2,4-dichloro/3,4-dichloro/3,5-dichloro/2,3-dimethyl/

2,4-dimethyl/2,6-dimethyl/3,4-dimethyl/3,5-dimethylphenyl)-

2,4-dimethylbenzenesulfonamides (Gowda et al., 2009b,c,

2010; Nirmala et al., 2010a–e, 2011).

Series 3: 4-chloro-N-(disubstituted phenyl)-2-methylben-

zenesulfonamides consisting of eight compounds, namely

4-chloro-N-(2,3-dichloro/3,4-dichloro/3,5-dichloro/2,3-dimethyl/

2,4-dimethyl/2,5-dimethyl/2,6-dimethyl/3,4-dimethylphenyl)-

2-methyl-4-chlorobenzenesulfonamides (Vinola et al., 2011h–

o).

Series 4: 3,5-dichloro-N-(disubstituted phenyl)benzenesul-

fonamides consisting of four compounds, namely 3,5-dichloro-

N-(2,4-dichloro/2,3-dimethyl/2,6-dimethyl/3,5-dimethylphenyl)-

benzenesulfonamides (Shakuntala et al., 2017a,b).

Series 5: 2,5-dimethoxy-N-phenylbenzenesulfonamide (Shak-

untala et al., 2017c) and (I)–(III).

In Series 1 (Table 5), the asymmetric unit of 2,4-dichloro-N-

(2,5-dimethylphenyl)benzenesulfonamide (Vinola et al., 2011d)

consists of three molecules, while one molecule is present in

those of the other compounds. The values of the dihedral angle

between the planes of the two aromatic rings in the molecules

of series 1 are in the range 44.6 (1)–82.8 (1)�, the smallest being

in 2,4-dichloro-N-(2,5-dimethylphenyl)benzenesulfonamide

(Vinola et al., 2011c) and the largest in 2,4-dichloro-N-(3,5-

dimethylphenyl)benzenesulfonamide (Vinola et al., 2011g)

(Table 5). Comparison of the intermolecular interactions

displayed in the crystal structures of compounds of this series

reveals that, except for the 2,3-dichloro- and 3,5-dimethyl-

substituted compounds, the crystal structures of all the

compounds display N—H� � �O hydrogen bonds, while N-(2,3-

dichlorophenyl)-2,4-dichlorobenzenesulfonamide (Vinola et

al., 2011a) displays no intermolecular interactions and 2,4-

dichloro-N-(3,5-dimethylphenyl)benzenesulfonamide (Vinola

et al., 2011g) displays other weak interactions of the type C—
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Table 5
Comparison of various parameters in the crystal structures of 2,4-dichloro-N-(disubstituted phenyl)benzenesulfonamides (Series 1).

Parameters 2,3-dc 3,4-dc 3,5-dc 2,4-dm 2,5-dm 2,6-dm 3,4-dm 3,5-dm

Crystal system Monoclinic Triclinic Triclinic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Z0 1 1 1 1 3 1 1 1
DA between the two aromatic

rings
67.7 (1) 68.9 (1) 61.9 (1) 44.6 (1) 68.8 (1), 64.1 (1),

68.5 (1)
69.6 (1) 66.4 (1) 82.8 (1)

Intermolecular interactions Nil N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O,
C—H� � �O

Geometry of the N—H� � �O
interactions

– R2
2(8) R2

2(8) R2
2(8) R2

2(8) C(4) R2
2(8) R2

2(8)

Supramolecular architecture 0D 0D 0D 0D 0D 1D chain 0D 0D
Reference Vinola et al.

(2011a)
Gowda et al.

(2009a)
Vinola et al.

(2011b)
Vinola et al.

(2011c)
Vinola et al.

(2011d)
Vinola et al.

(2011e)
Vinola et al.

(2011f)
Vinola et al.

(2011g)

Notes: DA = dihedral angle; dc = dichloro; dm = dimethyl; 0D = zero-dimensional; 1D = one-dimensional.

Table 6
Comparison of various parameters in the crystal structures of N-(disubstituted phenyl)-2,4-dimethylbenzenesulfonamides (Series 2).

Parameters 2,3-dc 2,4-dc 3,4-dc 3,5-dc 2,3-dm 2,4-dm 2,6-dm 3,4-dm 3,5-dm

Crystal system Monoclinic Triclinic Monoclinic Monoclinic Triclinic Triclinic Monoclinic Monoclinic Monoclinic
Z0 1 1 1 1 2 1 1 1 1
DA between the two

aromatic rings
70.4 (1) 44.0 (1) 82.4 (1) 82.3 (2) 41.5 (1), 43.8 (1) 41.0 (1) 41.7 (1) 47.2 (2) 82.1 (1)

Intermolecular
interactions

Nil N—H� � �O N—H� � �O N—H� � �O,
C—H� � ��

N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O

Geometry of the
N—H� � �O interactions

– R2
2(8) C(4) R2

2(8) D(2)D(2)[R2
2(8)] R2

2(8) R2
2(8) C(4) R2

2(8)

Supramolecular
architecture

0D 0D 1D chain 1D ribbon 0D 0D 0D 1D chain 0D

Reference Nirmala et al.
(2010a)

Nirmala et al.
(2010b)

Gowda et al.
(2009b)

Nirmala et al.
(2010e)

Nirmala et al.
(2010c)

Nirmala et al.
(2010d)

Nirmala et al.
(2011)

Gowda et al.
(2010)

Gowda et al.
(2009c)

Notes: DA = dihedral angle; dc = dichloro; dm = dimethyl; 0D = zero-dimensional; 1D = one-dimensional.



H� � �O in addition to the N—H� � �O hydrogen bonds. All the

compounds in the series except 2,4-dichloro-N-(2,6-di-

methylphenyl)benzenesulfonamide (Vinola et al., 2011e)

display a zero-dimensional supramolecular architecture,

whereas one-dimensional supramolecular chains are observed

in 2,4-dichloro-N-(2,6-dimethylphenyl)benzenesulfonamide.

In Series 2 (Table 6), the asymmetric unit of N-(2,3-di-

methylphenyl)-2,4-dimethylbenzenesulfonamide (Nirmala et

al., 2010c) consists of two molecules, while one molecule is

present in those of the other compounds. The values of the

dihedral angle between the planes of the two aromatic rings in

the molecules of series 2 are in the range 41.0 (1)–82.4 (1)�,

the smallest being in N-(2,4-dimethylphenyl)-2,4-dimethyl-

benzenesulfonamide (Nirmala et al., 2010d) and the largest

in N-(3,4-dichlorophenyl)-2,4-dimethylbenzenesulfonamide

(Gowda et al., 2009b) (Table 6). Comparison of the inter-

molecular interactions displayed in the crystal structures of

compounds of this series reveals that, except for the 2,3-di-

chloro- and 3,5-dichloro-substituted compounds, the crystal

structures of all the compounds display N—H� � �O hydrogen

bonds, while 2,4-dichloro-N-(2,3-dichlorophenyl)benzenesul-

fonamide (Nirmala et al., 2010a) displays no intermolecular

interactions and 2,4-dichloro-N-(3,5-dichlorophenyl)benzene-

sulfonamide (Nirmala et al., 2010e) displays C—H� � �� inter-

actions in addition to the N—H� � �O hydrogen bonds. All

except three compounds in the series display zero-dimensional

supramolecular architecture, while the 3,4-dichloro- (Gowda et

al., 2009b) and 3,4-dimethyl-substituted (Gowda et al., 2010)

derivatives display one-dimensional supramolecular C(4)

chains and in 2,4-dichloro-N-(3,5-dichlorophenyl)benzene-

sulfonamide, one-dimensional supramolecular ribbons are

observed.

In Series 3 (Table 7), the asymmetric unit of 4-chloro-N-

(2,3-dimethylphenyl)-2-methylbenzenesulfonamide (Vinola et

al., 2011i) consists of two molecules, whereas that of 4-chloro-

N-(2,5-dimethylphenyl)-2-methylbenzenesulfonamide (Vin-

ola et al., 2011k) consists of three, while only one molecule is

present in those of the other compounds. The values of the

dihedral angle between the planes of the two aromatic rings in

the molecules of this series are in the range 37.0 (2)–84.2 (1)�,

the smallest being in one of the symmetry-independent mol-

ecules of 4-chloro-N-(2,5-dimethylphenyl)-2-methylbenzene-

sulfonamide and the largest in 4-chloro-N-(3,5-dichlorophenyl)-

2-methylbenzenesulfonamide (Vinola et al., 2011n) (Table 7).

Comparison of the intermolecular interactions displayed in

the crystal structures of the compounds of this series reveals

that all the compounds display N—H� � �O hydrogen bonds,

having either C(4) or R2
2(8) motifs. All except two compounds

in the series display a zero-dimensional supramolecular

architecture, while the 2,3-dichloro- (Vinola et al., 2011h) and

3,4-dichloro-substituted (Vinola et al., 2011m) derivatives

display one-dimensional supramolecular C(4) chains.

In Series 4 (Table 8), the asymmetric units of all the

compounds consist of one molecule, and the values of the

dihedral angle between the planes of the two aromatic rings in

the molecules of this series are in the range 40.23 (2)–54.4 (3)�,

the smallest being in 3,5-dichloro-N-(2,4-dichlorophenyl)ben-

zenesulfonamide (Shakuntala et al., 2017b) and the largest

in 3,5-dichloro-N-(3,5-dimethylphenyl)benzenesulfonamide

(Shakuntala et al., 2017a) (Table 8). The crystal structures of
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Table 7
Comparison of various parameters in the crystal structures of 4-chloro-N-(disubstituted phenyl)-2-methylbenzenesulfonamides (Series 3).

Parameters 2,3-dc 3,4-dc 3,5-dc 2,3-dm 2,4-dm 2,5-dm 2,6-dm 3,4-dm

Crystal system Monoclinic Monoclinic Triclinic Triclinic Monoclinic Triclinic Triclinic Triclinic
Z0 1 1 1 2 1 3 1 1
DA between the two aromatic

rings
69.6 (1) 54.6 (1) 84.2 (1) 44.1 (1), 39.7 (1) 44.5 (1) 43.0 (2), 37.0 (2),

46.0 (1)
38.8 (1) 71.6 (1)

Intermolecular interactions N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O N—H� � �O
Geometry of the N—H� � �O

interactions
C(4) C(4) R2

2(8) D(2)D(2)[R2
2(8)] R2

2(8) R2
2(8) R2

2(8) R2
2(8)

Supramolecular architecture 1D chain 1D chain 0D 0D 0D 0D 0D 0D
Reference Vinola et al.

(2011h)
Vinola et al.

(2011m)
Vinola et al.

(2011n)
Vinola et al.

(2011i)
Vinola et al.

(2011j)
Vinola et al.

(2011k)
Vinola et al.

(2011l)
Vinola et al.

(2011o)

Notes: DA = dihedral angle; dc = dichloro; dm = dimethyl; 0D = zero-dimensional; 1D = one-dimensional.

Table 8
Comparison of various parameters in the crystal structures of 3,5-dichloro-N-(disubstituted phenyl)benzenesulfonamides (Series 4).

Parameters 2,4-dc 2,3-dm 2,6-dm 3,5-dm

Crystal system Triclinic Monoclinic Triclinic Monoclinic
Z0 1 1 1 1
DA between the two aromatic

rings
40.23 (2) 41.3 (6) 42.1 (2) 54.4 (3)

Intermolecular interactions N—H� � �O, C—H� � �O, Cl� � �Cl, �–� N—H� � �O, C—H� � �O, �–� N—H� � �O, �–� N—H� � �O, C—H� � ��, �–�
Geometry of the N—H� � �O

interactions
R2

2(8) R2
2(8) R2

2(8) C(4)

Supramolecular architecture 3D 3D 1D 3D
Reference Shakuntala et al. (2017b) Shakuntala et al. (2017a) Shakuntala et al. (2017a) Shakuntala et al. (2017a)

Notes: DA = dihedral angle; dc = dichloro; dm = dimethyl; 1D = one-dimensional; 3D = three-dimensional.



all the compounds of this series display N—H� � �O hydrogen

bonds, having either C(4) or R2
2(8) motifs. The crystal struc-

tures also feature other weak interactions, such as C—H� � �O,

C—H� � ��, �–� and Cl� � �Cl. Three out of four compounds in

the series display a three-dimensional supramolecular archi-

tecture, while one derivative displays a one-dimensional

supramolecular architecture.

In Series 5 (Table 9), the asymmetric units of all the

compounds except (I) consist of one molecule, while that of (I)

consists of two molecules. The values of the dihedral angle

between the planes of the two aromatic rings in the molecules

of this series are in the range 71.57 (10)–89.28 (2)�, the smal-

lest being in (II) and the largest being in one of the symmetry-

independent molecules of (I). The crystal structures of the

parent compound of the series, viz. 2,5-dimethoxy-N-phenyl-

benzenesulfonamide (Shakuntala et al., 2017c), and (III)

feature N—H� � �O hydrogen bonds having an R2
2(8) motif, the

supramolecular architecture displayed in both being zero-

dimensional. Compounds (I) and (II) display different types of

two-dimensional supramolecular architectures, featuring

different interactions of the types N—H� � �O, C—H� � �O, C—

H� � ��, C—H� � �Cl, �–� and Cl� � �Cl.

Comparison of the five series shows that all the compounds

crystallize either in the monoclinic or triclinic crystal system.

In series 1–3, the values of the dihedral angle between the

planes of the two aromatic rings are in a wide range, while in

series 4 and 5, they are in a very narrow range. Thus, variation

of the nature and position of the substituents on the aniline

ring of the first three series has a significant effect on the

dihedral angle while, in series 4 and 5, the effect is much less.

Putative N—H� � �O hydrogen bonds are observed in 30 of the

33 compounds, wherein the N—H� � �O hydrogen bonds form

either C(4) chain motifs or R2
2(8) rings. Comparison of the five

series reveals that in the first three series (with a methyl or

chloro substituent in 2- and 4-positions of the benzenesulfonyl

ring), the supramolecular architecture displayed is either zero-

or one-dimensional, depending on whether the N—H� � �O

hydrogen bonds form C(4) chains or R2
2(8) rings. Also, 23 of

the 25 compounds belonging to these series do not display any

other interactions. On the other hand, in series 4 and 5, the

crystal structure displays several weak interactions other than

the common N—H� � �O hydrogen bonds, resulting in supra-

molecular architectures varying from zero- to three-dimen-

sional, depending on the nature and position of the

substituents on the aniline ring. Therefore, the characteristics

of the N—H� � �O hydrogen-bond motifs, the presence of other

interactions and the resultant supramolecular architecture is

largely decided by the position of the substituents on the

benzenesulfonyl ring, with the nature and position of the

substituents on the aniline ring exerting little effect.
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Table 9
Comparison of various parameters in the crystal structures of N-aryl-2,5-dimethoxybenzenesulfonamides (Series 5).

Parameters H 2,3-dc, (I) 2,4-dc, (II) 2,4-dm, (III)

Crystal system Monoclinic Triclinic Triclinic Triclinic
Z0 1 2 1 1
DA between the two aromatic rings 89.17 (9) 86.05 (2), 89.28 (2) 71.57 (10) 82.85 (1)
Intermolecular interactions N—H� � �O N—H� � �O, C—H� � �O, C—H� � �Cl,

C—H� � ��, �–�
C—H� � �O, C—H� � ��,

Cl� � �Cl, �–�
N—H� � �O

Geometry of the N—H� � �O interactions R2
2(8) R2

2(8) - R2
2(8)

Supramolecular architecture 0D 2D 2D 0D
Reference Shakuntala et al. (2017c) - - -

Notes: DA = dihedral angle; dc = dichloro; dm = dimethyl; 0D = zero-dimensional; 2D = two-dimensional
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Different supramolecular architectures mediated by different weak interactions 

in the crystals of three N-aryl-2,5-dimethoxybenzenesulfonamides

K. Shakuntala, S. Naveen, N. K. Lokanath, P. A. Suchetan and M. Abdoh

Computing details 

Data collection: APEX2 (Bruker, 2009) for (I), (III); APEX2 (Bruker, 2009 for (II). For all structures, cell refinement: 

APEX2 and SAINT-Plus (Bruker, 2009). Data reduction: SAINT-Plus and XPREP (Bruker, 2009) for (I), (II); SAINTPlus 

and XPREP (Bruker, 2009) for (III). For all structures, program(s) used to solve structure: SHELXT2016 (Sheldrick, 

2015a); program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015b); molecular graphics: Mercury (Macrae et 

al., 2008); software used to prepare material for publication: SHELXL2016 (Sheldrick, 2015b).

N-(2,3-Dichlorophenyl)-2,5-dimethoxybenzenesulfonamide (I) 

Crystal data 

C14H13Cl2NO4S
Mr = 362.21
Triclinic, P1
a = 9.7575 (3) Å
b = 11.0792 (3) Å
c = 15.5286 (4) Å
α = 88.733 (1)°
β = 83.753 (1)°
γ = 66.337 (1)°
V = 1528.02 (7) Å3

Z = 4

F(000) = 744
Prism
Dx = 1.575 Mg m−3

Cu Kα radiation, λ = 1.54178 Å
Cell parameters from 143 reflections
θ = 5.1–64.6°
µ = 5.26 mm−1

T = 296 K
Prism, colourless
0.28 × 0.25 × 0.22 mm

Data collection 

Bruker APEXII CCD area 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
phi and φ scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2009)
Tmin = 0.286, Tmax = 0.314

17943 measured reflections
5044 independent reflections
4940 reflections with I > 2σ(I)
Rint = 0.038
θmax = 64.6°, θmin = 5.1°
h = −11→11
k = −12→12
l = −17→18

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.033
wR(F2) = 0.091
S = 1.03
5044 reflections

409 parameters
2 restraints
Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
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w = 1/[σ2(Fo
2) + (0.0576P)2 + 0.8603P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max = 0.001

Δρmax = 0.35 e Å−3

Δρmin = −0.47 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 0.79129 (18) 0.32961 (17) 0.49002 (11) 0.0140 (4)
C2 0.72234 (19) 0.27920 (17) 0.43435 (11) 0.0138 (3)
C3 0.61624 (19) 0.36781 (18) 0.38476 (11) 0.0166 (4)
H3 0.567070 0.337204 0.348241 0.020*
C4 0.5845 (2) 0.50066 (18) 0.38998 (11) 0.0177 (4)
H4 0.514885 0.558642 0.355994 0.021*
C5 0.6540 (2) 0.54947 (17) 0.44477 (12) 0.0167 (4)
C6 0.75744 (19) 0.46390 (17) 0.49623 (11) 0.0153 (4)
H6 0.803261 0.495784 0.534162 0.018*
C7 0.73623 (19) 0.18199 (17) 0.67699 (11) 0.0144 (3)
C8 0.6264 (2) 0.12930 (16) 0.68777 (11) 0.0149 (4)
C9 0.5165 (2) 0.16888 (18) 0.75880 (12) 0.0176 (4)
C10 0.5106 (2) 0.26307 (19) 0.81767 (12) 0.0209 (4)
H10 0.436471 0.289770 0.864609 0.025*
C11 0.6167 (2) 0.31698 (19) 0.80561 (12) 0.0214 (4)
H11 0.612130 0.381735 0.844297 0.026*
C12 0.7295 (2) 0.27653 (18) 0.73723 (12) 0.0179 (4)
H12 0.801249 0.312436 0.731295 0.022*
C13 0.6971 (2) 0.09176 (19) 0.37678 (13) 0.0215 (4)
H13A 0.590598 0.125342 0.393470 0.032*
H13B 0.739700 −0.002505 0.380757 0.032*
H13C 0.715742 0.115593 0.318213 0.032*
C14 0.6932 (2) 0.73400 (19) 0.49390 (13) 0.0251 (4)
H14A 0.673635 0.718712 0.554185 0.038*
H14B 0.660802 0.826975 0.485083 0.038*
H14C 0.799158 0.690523 0.476006 0.038*
C15 0.2516 (2) 0.42712 (17) 0.11786 (11) 0.0161 (4)
C16 0.1008 (2) 0.50730 (18) 0.14647 (12) 0.0183 (4)
C17 0.0218 (2) 0.60916 (19) 0.09407 (13) 0.0216 (4)
H17 −0.077853 0.663727 0.111956 0.026*
C18 0.0898 (2) 0.63065 (18) 0.01516 (12) 0.0200 (4)
H18 0.035428 0.699665 −0.018991 0.024*
C19 0.2383 (2) 0.54975 (18) −0.01301 (12) 0.0177 (4)
C20 0.3196 (2) 0.44736 (18) 0.03926 (12) 0.0166 (4)
H20 0.419284 0.392966 0.021231 0.020*
C21 0.2352 (2) 0.13263 (17) 0.15186 (11) 0.0165 (4)
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C22 0.12122 (19) 0.09010 (17) 0.18136 (11) 0.0163 (4)
C23 0.0896 (2) 0.00504 (18) 0.13021 (12) 0.0187 (4)
C24 0.1673 (2) −0.0356 (2) 0.04850 (13) 0.0230 (4)
H24 0.146987 −0.093340 0.014623 0.028*
C25 0.2752 (2) 0.0110 (2) 0.01808 (12) 0.0234 (4)
H25 0.324888 −0.013438 −0.037411 0.028*
C26 0.3103 (2) 0.09332 (19) 0.06894 (12) 0.0203 (4)
H26 0.384279 0.122568 0.047788 0.024*
C27 −0.1029 (2) 0.5665 (2) 0.26000 (14) 0.0293 (5)
H27A −0.103004 0.652492 0.266439 0.044*
H27B −0.127512 0.536458 0.315659 0.044*
H27C −0.176127 0.570648 0.222166 0.044*
C28 0.2364 (2) 0.6599 (2) −0.14688 (13) 0.0258 (4)
H28A 0.147091 0.649240 −0.158210 0.039*
H28B 0.299367 0.651818 −0.200299 0.039*
H28C 0.209131 0.745364 −0.120892 0.039*
N1 0.85352 (17) 0.13286 (15) 0.60840 (9) 0.0141 (3)
N2 0.27083 (18) 0.20936 (16) 0.20939 (10) 0.0190 (3)
O1 1.04786 (13) 0.12823 (12) 0.49395 (8) 0.0179 (3)
O2 0.96577 (14) 0.29929 (12) 0.60929 (8) 0.0181 (3)
O3 0.76485 (14) 0.14672 (12) 0.43328 (8) 0.0179 (3)
O4 0.61333 (15) 0.68333 (12) 0.44419 (9) 0.0223 (3)
O5 0.36419 (16) 0.36091 (14) 0.26542 (9) 0.0268 (3)
O6 0.50078 (14) 0.22685 (13) 0.13344 (9) 0.0238 (3)
O7 0.04338 (15) 0.47663 (14) 0.22377 (9) 0.0250 (3)
O8 0.31633 (15) 0.56055 (13) −0.08919 (9) 0.0248 (3)
S1 0.92927 (4) 0.22078 (4) 0.55147 (3) 0.01297 (12)
S2 0.36214 (5) 0.30307 (4) 0.18441 (3) 0.01833 (13)
CL1 0.62931 (5) 0.01467 (4) 0.61365 (3) 0.01777 (12)
CL2 0.38522 (5) 0.09954 (5) 0.77489 (3) 0.02456 (13)
CL3 0.02237 (5) 0.14335 (4) 0.28231 (3) 0.01903 (12)
CL4 −0.04782 (5) −0.05037 (5) 0.16772 (3) 0.02518 (13)
H1 0.859 (3) 0.071 (2) 0.5807 (14) 0.021 (6)*
H2 0.210 (3) 0.238 (2) 0.2535 (15) 0.029 (6)*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.0105 (8) 0.0169 (9) 0.0137 (8) −0.0052 (7) 0.0008 (6) 0.0020 (7)
C2 0.0131 (8) 0.0151 (9) 0.0130 (8) −0.0062 (7) 0.0020 (6) −0.0001 (6)
C3 0.0139 (9) 0.0245 (10) 0.0127 (8) −0.0093 (7) −0.0010 (7) 0.0010 (7)
C4 0.0129 (9) 0.0214 (9) 0.0160 (9) −0.0045 (7) −0.0004 (7) 0.0058 (7)
C5 0.0141 (9) 0.0154 (9) 0.0180 (9) −0.0048 (7) 0.0042 (7) 0.0028 (7)
C6 0.0142 (8) 0.0169 (9) 0.0148 (8) −0.0071 (7) 0.0013 (7) −0.0003 (7)
C7 0.0135 (8) 0.0141 (8) 0.0142 (8) −0.0039 (7) −0.0029 (7) 0.0044 (7)
C8 0.0159 (9) 0.0129 (8) 0.0146 (8) −0.0037 (7) −0.0043 (7) 0.0010 (7)
C9 0.0137 (9) 0.0188 (9) 0.0198 (9) −0.0062 (7) −0.0019 (7) 0.0030 (7)
C10 0.0201 (9) 0.0230 (10) 0.0174 (9) −0.0071 (8) 0.0022 (7) −0.0017 (7)
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C11 0.0244 (10) 0.0228 (9) 0.0172 (9) −0.0098 (8) −0.0013 (7) −0.0043 (7)
C12 0.0185 (9) 0.0218 (9) 0.0163 (9) −0.0107 (7) −0.0035 (7) 0.0014 (7)
C13 0.0223 (10) 0.0237 (10) 0.0235 (10) −0.0139 (8) −0.0041 (8) −0.0038 (8)
C14 0.0268 (10) 0.0190 (9) 0.0299 (11) −0.0106 (8) 0.0006 (8) 0.0004 (8)
C15 0.0171 (9) 0.0167 (9) 0.0171 (9) −0.0092 (7) −0.0037 (7) 0.0009 (7)
C16 0.0190 (9) 0.0209 (9) 0.0167 (9) −0.0102 (8) 0.0011 (7) −0.0024 (7)
C17 0.0162 (9) 0.0203 (9) 0.0247 (10) −0.0038 (7) −0.0005 (7) −0.0025 (7)
C18 0.0200 (9) 0.0161 (9) 0.0222 (9) −0.0048 (7) −0.0055 (7) 0.0025 (7)
C19 0.0195 (9) 0.0188 (9) 0.0156 (9) −0.0087 (7) −0.0009 (7) −0.0001 (7)
C20 0.0142 (9) 0.0168 (9) 0.0184 (9) −0.0060 (7) −0.0003 (7) −0.0019 (7)
C21 0.0147 (9) 0.0173 (9) 0.0173 (9) −0.0058 (7) −0.0047 (7) 0.0062 (7)
C22 0.0136 (8) 0.0177 (9) 0.0141 (9) −0.0030 (7) −0.0012 (7) 0.0034 (7)
C23 0.0141 (9) 0.0200 (9) 0.0212 (9) −0.0062 (7) −0.0022 (7) 0.0034 (7)
C24 0.0188 (10) 0.0252 (10) 0.0237 (10) −0.0072 (8) −0.0029 (8) −0.0038 (8)
C25 0.0189 (10) 0.0306 (11) 0.0166 (9) −0.0066 (8) 0.0019 (7) −0.0030 (8)
C26 0.0152 (9) 0.0259 (10) 0.0194 (9) −0.0085 (8) −0.0006 (7) 0.0036 (7)
C27 0.0203 (10) 0.0394 (12) 0.0240 (10) −0.0096 (9) 0.0069 (8) −0.0059 (9)
C28 0.0318 (11) 0.0274 (10) 0.0181 (9) −0.0113 (9) −0.0058 (8) 0.0071 (8)
N1 0.0178 (8) 0.0123 (7) 0.0131 (7) −0.0073 (6) −0.0009 (6) −0.0002 (6)
N2 0.0209 (8) 0.0229 (8) 0.0159 (8) −0.0120 (7) −0.0008 (7) 0.0027 (6)
O1 0.0123 (6) 0.0178 (6) 0.0206 (6) −0.0040 (5) 0.0020 (5) −0.0006 (5)
O2 0.0184 (6) 0.0205 (6) 0.0183 (6) −0.0102 (5) −0.0045 (5) 0.0001 (5)
O3 0.0209 (7) 0.0158 (6) 0.0193 (6) −0.0093 (5) −0.0043 (5) −0.0018 (5)
O4 0.0233 (7) 0.0130 (6) 0.0298 (7) −0.0061 (5) −0.0050 (6) 0.0048 (5)
O5 0.0321 (8) 0.0355 (8) 0.0219 (7) −0.0210 (7) −0.0118 (6) 0.0037 (6)
O6 0.0146 (6) 0.0244 (7) 0.0309 (7) −0.0064 (5) −0.0036 (5) 0.0070 (6)
O7 0.0213 (7) 0.0302 (7) 0.0194 (7) −0.0081 (6) 0.0054 (5) 0.0013 (6)
O8 0.0244 (7) 0.0251 (7) 0.0184 (7) −0.0046 (6) 0.0019 (5) 0.0066 (5)
S1 0.0106 (2) 0.0143 (2) 0.0140 (2) −0.00506 (17) −0.00134 (16) 0.00094 (16)
S2 0.0169 (2) 0.0220 (2) 0.0192 (2) −0.01024 (19) −0.00585 (17) 0.00503 (18)
CL1 0.0179 (2) 0.0176 (2) 0.0191 (2) −0.00882 (17) 0.00016 (16) −0.00352 (16)
CL2 0.0197 (2) 0.0278 (3) 0.0284 (3) −0.01360 (19) 0.00535 (18) −0.00312 (19)
CL3 0.0185 (2) 0.0241 (2) 0.0140 (2) −0.00884 (18) 0.00097 (16) 0.00255 (16)
CL4 0.0229 (2) 0.0294 (3) 0.0289 (3) −0.0167 (2) −0.00114 (19) 0.00075 (19)

Geometric parameters (Å, º) 

C1—C6 1.392 (3) C16—C17 1.388 (3)
C1—C2 1.400 (2) C17—C18 1.391 (3)
C1—S1 1.7615 (17) C17—H17 0.9300
C2—O3 1.356 (2) C18—C19 1.390 (3)
C2—C3 1.397 (2) C18—H18 0.9300
C3—C4 1.379 (3) C19—O8 1.366 (2)
C3—H3 0.9300 C19—C20 1.397 (3)
C4—C5 1.385 (3) C20—H20 0.9300
C4—H4 0.9300 C21—C26 1.396 (3)
C5—O4 1.373 (2) C21—C22 1.403 (3)
C5—C6 1.389 (3) C21—N2 1.407 (2)
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C6—H6 0.9300 C22—C23 1.391 (3)
C7—C12 1.397 (3) C22—CL3 1.7294 (18)
C7—C8 1.406 (3) C23—C24 1.389 (3)
C7—N1 1.414 (2) C23—CL4 1.7287 (18)
C8—C9 1.395 (3) C24—C25 1.384 (3)
C8—CL1 1.7225 (17) C24—H24 0.9300
C9—C10 1.382 (3) C25—C26 1.384 (3)
C9—CL2 1.7335 (18) C25—H25 0.9300
C10—C11 1.384 (3) C26—H26 0.9300
C10—H10 0.9300 C27—O7 1.433 (2)
C11—C12 1.382 (3) C27—H27A 0.9600
C11—H11 0.9300 C27—H27B 0.9600
C12—H12 0.9300 C27—H27C 0.9600
C13—O3 1.432 (2) C28—O8 1.429 (2)
C13—H13A 0.9600 C28—H28A 0.9600
C13—H13B 0.9600 C28—H28B 0.9600
C13—H13C 0.9600 C28—H28C 0.9600
C14—O4 1.421 (2) N1—S1 1.6354 (15)
C14—H14A 0.9600 N1—H1 0.79 (2)
C14—H14B 0.9600 N2—S2 1.6346 (16)
C14—H14C 0.9600 N2—H2 0.83 (2)
C15—C20 1.383 (3) O1—S1 1.4323 (13)
C15—C16 1.406 (3) O2—S1 1.4290 (13)
C15—S2 1.7637 (18) O5—S2 1.4299 (15)
C16—O7 1.363 (2) O6—S2 1.4315 (14)

C6—C1—C2 121.75 (16) C17—C18—H18 119.8
C6—C1—S1 118.61 (13) O8—C19—C18 125.77 (17)
C2—C1—S1 119.61 (13) O8—C19—C20 114.88 (16)
O3—C2—C3 125.21 (16) C18—C19—C20 119.35 (17)
O3—C2—C1 116.56 (15) C15—C20—C19 119.82 (17)
C3—C2—C1 118.22 (16) C15—C20—H20 120.1
C4—C3—C2 119.98 (17) C19—C20—H20 120.1
C4—C3—H3 120.0 C26—C21—C22 118.78 (17)
C2—C3—H3 120.0 C26—C21—N2 123.58 (16)
C3—C4—C5 121.36 (16) C22—C21—N2 117.60 (16)
C3—C4—H4 119.3 C23—C22—C21 120.22 (16)
C5—C4—H4 119.3 C23—C22—CL3 120.58 (14)
O4—C5—C4 116.00 (16) C21—C22—CL3 119.20 (14)
O4—C5—C6 124.16 (17) C24—C23—C22 120.42 (17)
C4—C5—C6 119.84 (17) C24—C23—CL4 119.42 (15)
C5—C6—C1 118.82 (16) C22—C23—CL4 120.16 (14)
C5—C6—H6 120.6 C25—C24—C23 119.22 (18)
C1—C6—H6 120.6 C25—C24—H24 120.4
C12—C7—C8 118.53 (16) C23—C24—H24 120.4
C12—C7—N1 122.38 (16) C24—C25—C26 121.03 (18)
C8—C7—N1 119.01 (16) C24—C25—H25 119.5
C9—C8—C7 119.98 (16) C26—C25—H25 119.5
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C9—C8—CL1 120.23 (14) C25—C26—C21 120.24 (17)
C7—C8—CL1 119.79 (14) C25—C26—H26 119.9
C10—C9—C8 120.87 (17) C21—C26—H26 119.9
C10—C9—CL2 118.87 (14) O7—C27—H27A 109.5
C8—C9—CL2 120.26 (14) O7—C27—H27B 109.5
C9—C10—C11 118.90 (17) H27A—C27—H27B 109.5
C9—C10—H10 120.5 O7—C27—H27C 109.5
C11—C10—H10 120.5 H27A—C27—H27C 109.5
C12—C11—C10 121.32 (17) H27B—C27—H27C 109.5
C12—C11—H11 119.3 O8—C28—H28A 109.5
C10—C11—H11 119.3 O8—C28—H28B 109.5
C11—C12—C7 120.34 (17) H28A—C28—H28B 109.5
C11—C12—H12 119.8 O8—C28—H28C 109.5
C7—C12—H12 119.8 H28A—C28—H28C 109.5
O3—C13—H13A 109.5 H28B—C28—H28C 109.5
O3—C13—H13B 109.5 C7—N1—S1 125.25 (13)
H13A—C13—H13B 109.5 C7—N1—H1 118.2 (17)
O3—C13—H13C 109.5 S1—N1—H1 110.6 (16)
H13A—C13—H13C 109.5 C21—N2—S2 126.87 (13)
H13B—C13—H13C 109.5 C21—N2—H2 115.7 (17)
O4—C14—H14A 109.5 S2—N2—H2 111.1 (17)
O4—C14—H14B 109.5 C2—O3—C13 118.04 (14)
H14A—C14—H14B 109.5 C5—O4—C14 116.87 (14)
O4—C14—H14C 109.5 C16—O7—C27 117.73 (15)
H14A—C14—H14C 109.5 C19—O8—C28 117.19 (15)
H14B—C14—H14C 109.5 O2—S1—O1 118.72 (7)
C20—C15—C16 121.30 (16) O2—S1—N1 108.83 (8)
C20—C15—S2 118.10 (14) O1—S1—N1 105.14 (8)
C16—C15—S2 120.52 (14) O2—S1—C1 107.29 (8)
O7—C16—C17 125.23 (17) O1—S1—C1 108.95 (8)
O7—C16—C15 116.58 (16) N1—S1—C1 107.44 (8)
C17—C16—C15 118.19 (17) O5—S2—O6 119.88 (8)
C16—C17—C18 120.85 (17) O5—S2—N2 104.30 (8)
C16—C17—H17 119.6 O6—S2—N2 108.76 (8)
C18—C17—H17 119.6 O5—S2—C15 109.31 (8)
C19—C18—C17 120.49 (17) O6—S2—C15 107.38 (8)
C19—C18—H18 119.8 N2—S2—C15 106.49 (8)

C6—C1—C2—O3 179.57 (15) C26—C21—C22—CL3 −177.51 (13)
S1—C1—C2—O3 1.7 (2) N2—C21—C22—CL3 4.7 (2)
C6—C1—C2—C3 −0.5 (2) C21—C22—C23—C24 −1.9 (3)
S1—C1—C2—C3 −178.32 (12) CL3—C22—C23—C24 178.79 (14)
O3—C2—C3—C4 −178.60 (16) C21—C22—C23—CL4 178.47 (13)
C1—C2—C3—C4 1.5 (2) CL3—C22—C23—CL4 −0.8 (2)
C2—C3—C4—C5 −1.1 (3) C22—C23—C24—C25 −0.8 (3)
C3—C4—C5—O4 179.90 (16) CL4—C23—C24—C25 178.80 (15)
C3—C4—C5—C6 −0.4 (3) C23—C24—C25—C26 2.3 (3)
O4—C5—C6—C1 −178.96 (15) C24—C25—C26—C21 −1.0 (3)
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C4—C5—C6—C1 1.4 (2) C22—C21—C26—C25 −1.7 (3)
C2—C1—C6—C5 −0.9 (2) N2—C21—C26—C25 175.94 (17)
S1—C1—C6—C5 176.94 (13) C12—C7—N1—S1 −39.4 (2)
C12—C7—C8—C9 −1.8 (2) C8—C7—N1—S1 143.86 (14)
N1—C7—C8—C9 175.04 (15) C26—C21—N2—S2 20.3 (3)
C12—C7—C8—CL1 178.86 (13) C22—C21—N2—S2 −161.97 (14)
N1—C7—C8—CL1 −4.3 (2) C3—C2—O3—C13 0.4 (2)
C7—C8—C9—C10 2.2 (3) C1—C2—O3—C13 −179.69 (15)
CL1—C8—C9—C10 −178.45 (14) C4—C5—O4—C14 −174.43 (16)
C7—C8—C9—CL2 −177.43 (13) C6—C5—O4—C14 5.9 (2)
CL1—C8—C9—CL2 1.9 (2) C17—C16—O7—C27 −9.1 (3)
C8—C9—C10—C11 −0.6 (3) C15—C16—O7—C27 171.97 (17)
CL2—C9—C10—C11 179.01 (14) C18—C19—O8—C28 −3.1 (3)
C9—C10—C11—C12 −1.3 (3) C20—C19—O8—C28 177.26 (16)
C10—C11—C12—C7 1.7 (3) C7—N1—S1—O2 48.38 (16)
C8—C7—C12—C11 −0.1 (3) C7—N1—S1—O1 176.57 (14)
N1—C7—C12—C11 −176.87 (16) C7—N1—S1—C1 −67.49 (16)
C20—C15—C16—O7 178.22 (16) C6—C1—S1—O2 9.03 (15)
S2—C15—C16—O7 −5.2 (2) C2—C1—S1—O2 −173.06 (13)
C20—C15—C16—C17 −0.8 (3) C6—C1—S1—O1 −120.68 (13)
S2—C15—C16—C17 175.75 (14) C2—C1—S1—O1 57.23 (15)
O7—C16—C17—C18 −178.53 (18) C6—C1—S1—N1 125.91 (14)
C15—C16—C17—C18 0.4 (3) C2—C1—S1—N1 −56.18 (15)
C16—C17—C18—C19 0.4 (3) C21—N2—S2—O5 178.51 (15)
C17—C18—C19—O8 179.51 (18) C21—N2—S2—O6 −52.47 (17)
C17—C18—C19—C20 −0.8 (3) C21—N2—S2—C15 62.96 (17)
C16—C15—C20—C19 0.4 (3) C20—C15—S2—O5 119.90 (15)
S2—C15—C20—C19 −176.25 (13) C16—C15—S2—O5 −56.78 (17)
O8—C19—C20—C15 −179.87 (16) C20—C15—S2—O6 −11.61 (17)
C18—C19—C20—C15 0.4 (3) C16—C15—S2—O6 171.71 (14)
C26—C21—C22—C23 3.2 (3) C20—C15—S2—N2 −127.97 (15)
N2—C21—C22—C23 −174.65 (15) C16—C15—S2—N2 55.35 (17)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C12—H12···O2 0.93 2.31 2.9620 126
C26—H26···O6 0.93 2.42 3.0533 125
N1—H1···O1i 0.79 2.31 3.0750 163
C3—H3···O5 0.93 2.40 3.2616 154
C14—H14B···Cl1ii 0.96 2.82 3.459 (2) 125
C14—H14C···O2iii 0.96 2.56 3.414 (3) 148
C4—H4···Cgiv 0.93 2.82 3.7011 159

Symmetry codes: (i) −x+2, −y, −z+1; (ii) x, y+1, z; (iii) −x+2, −y+1, −z+1; (iv) −x+1, −y+1, −z+1.
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N-(2,4-Dichlorophenyl)-2,5-dimethoxybenzenesulfonamide (II) 

Crystal data 

C14H13Cl2NO4S
Mr = 362.21
Triclinic, P1
a = 7.4855 (5) Å
b = 8.1175 (6) Å
c = 13.9643 (10) Å
α = 98.151 (2)°
β = 95.566 (2)°
γ = 114.952 (2)°
V = 749.84 (9) Å3

Z = 2

F(000) = 372
Prism
Dx = 1.604 Mg m−3

Cu Kα radiation, λ = 1.54178 Å
Cell parameters from 133 reflections
θ = 7.5–64.5°
µ = 5.36 mm−1

T = 296 K
Prism, colourless
0.27 × 0.24 × 0.19 mm

Data collection 

Bruker APEXII CCD area detector 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
phi and φ scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2009)
Tmin = 0.294, Tmax = 0.361

9208 measured reflections
2452 independent reflections
2393 reflections with I > 2σ(I)
Rint = 0.034
θmax = 64.5°, θmin = 7.5°
h = −8→8
k = −9→9
l = −16→16

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.034
wR(F2) = 0.100
S = 1.02
2452 reflections
205 parameters
1 restraint

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
w = 1/[σ2(Fo

2) + (0.0635P)2 + 0.7485P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max = 0.001
Δρmax = 0.31 e Å−3

Δρmin = −0.39 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 0.6325 (3) 0.7183 (3) 0.64637 (15) 0.0139 (4)
C2 0.7057 (3) 0.5880 (3) 0.62229 (16) 0.0163 (4)
C3 0.7846 (3) 0.5856 (3) 0.53654 (16) 0.0186 (5)
H3 0.835731 0.501147 0.519660 0.022*
C4 0.7883 (3) 0.7081 (3) 0.47535 (16) 0.0183 (5)
H4 0.841093 0.704355 0.417915 0.022*
C5 0.7135 (3) 0.8358 (3) 0.49982 (15) 0.0159 (4)
C6 0.6362 (3) 0.8412 (3) 0.58618 (15) 0.0155 (4)
H6 0.587035 0.927038 0.603518 0.019*
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C7 0.8945 (3) 0.8829 (3) 0.86429 (14) 0.0146 (4)
C8 1.0494 (3) 0.8367 (3) 0.89214 (14) 0.0148 (4)
C9 1.2472 (3) 0.9667 (3) 0.91241 (15) 0.0161 (4)
H9 1.347917 0.933638 0.931681 0.019*
C10 1.2931 (3) 1.1472 (3) 0.90359 (15) 0.0174 (5)
C11 1.1447 (3) 1.1994 (3) 0.87695 (16) 0.0183 (5)
H11 1.177565 1.321279 0.871557 0.022*
C12 0.9459 (3) 1.0674 (3) 0.85837 (15) 0.0169 (5)
H12 0.845496 1.102357 0.841716 0.020*
C13 0.7778 (4) 0.3454 (3) 0.66569 (18) 0.0258 (5)
H13A 0.722237 0.271548 0.600547 0.039*
H13B 0.750793 0.265805 0.712533 0.039*
H13C 0.919816 0.415643 0.671122 0.039*
C14 0.7720 (4) 0.9450 (4) 0.35043 (17) 0.0243 (5)
H14A 0.910104 0.968704 0.360573 0.036*
H14B 0.756342 1.033933 0.316222 0.036*
H14C 0.691959 0.822195 0.312121 0.036*
N1 0.6935 (3) 0.7456 (3) 0.84630 (13) 0.0158 (4)
O1 0.3573 (2) 0.5553 (2) 0.75085 (11) 0.0208 (4)
O2 0.5055 (2) 0.8960 (2) 0.76766 (11) 0.0202 (4)
O3 0.6894 (2) 0.4692 (2) 0.68484 (11) 0.0200 (3)
O4 0.7085 (2) 0.9602 (2) 0.44395 (11) 0.0219 (4)
S1 0.52743 (7) 0.72789 (7) 0.75407 (3) 0.01471 (17)
CL1 1.54329 (8) 1.30818 (7) 0.92628 (4) 0.02443 (18)
CL2 0.99583 (7) 0.61177 (7) 0.90466 (4) 0.02040 (18)
H1 0.684 (4) 0.643 (4) 0.854 (2) 0.023 (7)*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.0113 (9) 0.0165 (10) 0.0120 (10) 0.0051 (8) 0.0017 (8) 0.0005 (8)
C2 0.0132 (10) 0.0156 (11) 0.0198 (11) 0.0062 (8) 0.0004 (8) 0.0044 (9)
C3 0.0162 (10) 0.0199 (11) 0.0219 (11) 0.0111 (9) 0.0027 (9) 0.0016 (9)
C4 0.0170 (11) 0.0217 (12) 0.0155 (10) 0.0083 (9) 0.0045 (8) 0.0012 (9)
C5 0.0141 (10) 0.0185 (11) 0.0150 (10) 0.0070 (9) 0.0004 (8) 0.0051 (9)
C6 0.0138 (10) 0.0151 (11) 0.0171 (10) 0.0068 (9) 0.0010 (8) 0.0016 (8)
C7 0.0147 (10) 0.0182 (11) 0.0104 (9) 0.0061 (9) 0.0044 (8) 0.0038 (8)
C8 0.0187 (11) 0.0157 (11) 0.0116 (10) 0.0082 (9) 0.0044 (8) 0.0045 (8)
C9 0.0162 (10) 0.0194 (11) 0.0145 (10) 0.0090 (9) 0.0043 (8) 0.0044 (9)
C10 0.0167 (11) 0.0179 (11) 0.0150 (10) 0.0043 (9) 0.0058 (8) 0.0041 (9)
C11 0.0233 (11) 0.0146 (11) 0.0181 (11) 0.0081 (9) 0.0070 (9) 0.0053 (9)
C12 0.0190 (11) 0.0189 (11) 0.0164 (10) 0.0105 (9) 0.0044 (8) 0.0066 (9)
C13 0.0349 (13) 0.0222 (12) 0.0295 (13) 0.0214 (11) 0.0042 (10) 0.0054 (10)
C14 0.0233 (12) 0.0364 (14) 0.0176 (11) 0.0143 (11) 0.0077 (9) 0.0126 (10)
N1 0.0160 (9) 0.0161 (10) 0.0167 (9) 0.0069 (8) 0.0034 (7) 0.0077 (7)
O1 0.0125 (7) 0.0259 (9) 0.0206 (8) 0.0046 (7) 0.0042 (6) 0.0059 (7)
O2 0.0235 (8) 0.0260 (9) 0.0191 (8) 0.0178 (7) 0.0062 (6) 0.0048 (6)
O3 0.0257 (8) 0.0199 (8) 0.0215 (8) 0.0150 (7) 0.0065 (6) 0.0081 (6)
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O4 0.0263 (8) 0.0276 (9) 0.0196 (8) 0.0158 (7) 0.0094 (7) 0.0129 (7)
S1 0.0127 (3) 0.0189 (3) 0.0142 (3) 0.0080 (2) 0.0038 (2) 0.0040 (2)
CL1 0.0163 (3) 0.0199 (3) 0.0323 (3) 0.0026 (2) 0.0048 (2) 0.0074 (2)
CL2 0.0183 (3) 0.0155 (3) 0.0278 (3) 0.0072 (2) 0.0019 (2) 0.0082 (2)

Geometric parameters (Å, º) 

C1—C6 1.386 (3) C9—H9 0.9300
C1—C2 1.398 (3) C10—C11 1.383 (3)
C1—S1 1.771 (2) C10—CL1 1.737 (2)
C2—O3 1.367 (3) C11—C12 1.389 (3)
C2—C3 1.387 (3) C11—H11 0.9300
C3—C4 1.393 (3) C12—H12 0.9300
C3—H3 0.9300 C13—O3 1.428 (3)
C4—C5 1.390 (3) C13—H13A 0.9600
C4—H4 0.9300 C13—H13B 0.9600
C5—O4 1.371 (3) C13—H13C 0.9600
C5—C6 1.390 (3) C14—O4 1.439 (3)
C6—H6 0.9300 C14—H14A 0.9600
C7—C12 1.398 (3) C14—H14B 0.9600
C7—C8 1.399 (3) C14—H14C 0.9600
C7—N1 1.415 (3) N1—S1 1.6464 (18)
C8—C9 1.379 (3) N1—H1 0.83 (3)
C8—CL2 1.735 (2) O1—S1 1.4325 (16)
C9—C10 1.383 (3) O2—S1 1.4310 (16)

C6—C1—C2 121.35 (19) C10—C11—C12 119.2 (2)
C6—C1—S1 117.92 (16) C10—C11—H11 120.4
C2—C1—S1 120.71 (16) C12—C11—H11 120.4
O3—C2—C3 124.94 (19) C11—C12—C7 121.1 (2)
O3—C2—C1 116.80 (19) C11—C12—H12 119.5
C3—C2—C1 118.24 (19) C7—C12—H12 119.5
C2—C3—C4 120.9 (2) O3—C13—H13A 109.5
C2—C3—H3 119.6 O3—C13—H13B 109.5
C4—C3—H3 119.6 H13A—C13—H13B 109.5
C5—C4—C3 120.3 (2) O3—C13—H13C 109.5
C5—C4—H4 119.9 H13A—C13—H13C 109.5
C3—C4—H4 119.9 H13B—C13—H13C 109.5
O4—C5—C6 115.97 (19) O4—C14—H14A 109.5
O4—C5—C4 124.56 (19) O4—C14—H14B 109.5
C6—C5—C4 119.5 (2) H14A—C14—H14B 109.5
C1—C6—C5 119.81 (19) O4—C14—H14C 109.5
C1—C6—H6 120.1 H14A—C14—H14C 109.5
C5—C6—H6 120.1 H14B—C14—H14C 109.5
C12—C7—C8 117.8 (2) C7—N1—S1 122.50 (14)
C12—C7—N1 122.36 (19) C7—N1—H1 112 (2)
C8—C7—N1 119.83 (19) S1—N1—H1 112 (2)
C9—C8—C7 121.8 (2) C2—O3—C13 117.48 (17)
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C9—C8—CL2 117.90 (16) C5—O4—C14 116.37 (18)
C7—C8—CL2 120.23 (17) O2—S1—O1 119.39 (10)
C8—C9—C10 118.8 (2) O2—S1—N1 107.92 (9)
C8—C9—H9 120.6 O1—S1—N1 104.97 (9)
C10—C9—H9 120.6 O2—S1—C1 106.61 (10)
C9—C10—C11 121.3 (2) O1—S1—C1 110.39 (10)
C9—C10—CL1 118.36 (17) N1—S1—C1 106.94 (9)
C11—C10—CL1 120.37 (17)

C6—C1—C2—O3 −177.93 (18) C9—C10—C11—C12 −0.3 (3)
S1—C1—C2—O3 0.8 (3) CL1—C10—C11—C12 179.42 (16)
C6—C1—C2—C3 0.6 (3) C10—C11—C12—C7 −1.3 (3)
S1—C1—C2—C3 179.37 (16) C8—C7—C12—C11 1.7 (3)
O3—C2—C3—C4 177.6 (2) N1—C7—C12—C11 179.65 (18)
C1—C2—C3—C4 −0.9 (3) C12—C7—N1—S1 43.3 (3)
C2—C3—C4—C5 0.3 (3) C8—C7—N1—S1 −138.80 (17)
C3—C4—C5—O4 −179.2 (2) C3—C2—O3—C13 6.5 (3)
C3—C4—C5—C6 0.4 (3) C1—C2—O3—C13 −175.07 (19)
C2—C1—C6—C5 0.1 (3) C6—C5—O4—C14 −174.79 (19)
S1—C1—C6—C5 −178.64 (16) C4—C5—O4—C14 4.9 (3)
O4—C5—C6—C1 179.03 (19) C7—N1—S1—O2 −61.92 (19)
C4—C5—C6—C1 −0.7 (3) C7—N1—S1—O1 169.74 (16)
C12—C7—C8—C9 −0.6 (3) C7—N1—S1—C1 52.45 (19)
N1—C7—C8—C9 −178.62 (18) C6—C1—S1—O2 −12.68 (19)
C12—C7—C8—CL2 178.02 (15) C2—C1—S1—O2 168.52 (17)
N1—C7—C8—CL2 0.0 (3) C6—C1—S1—O1 118.41 (17)
C7—C8—C9—C10 −0.9 (3) C2—C1—S1—O1 −60.38 (19)
CL2—C8—C9—C10 −179.54 (15) C6—C1—S1—N1 −127.93 (17)
C8—C9—C10—C11 1.3 (3) C2—C1—S1—N1 53.3 (2)
C8—C9—C10—CL1 −178.37 (15)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

N1—H1···Cl1 0.83 (3) 2.50 (3) 2.989 (2) 119 (3)
C12—H12···O2 0.93 2.40 3.038 (3) 126
C14—H14B···O2i 0.96 2.49 3.302 (3) 142
C14—H14A···Cgii 0.96 2.89 3.645 (3) 136

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

N-(2,4-Dimethylphenyl)-2,5-dimethoxybenzenesulfonamide (III) 

Crystal data 

C16H19NO4S
Mr = 321.38
Triclinic, P1
a = 8.2859 (14) Å
b = 8.7197 (15) Å
c = 12.232 (2) Å

α = 70.522 (5)°
β = 80.171 (5)°
γ = 78.856 (5)°
V = 812.1 (2) Å3

Z = 2
F(000) = 340
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Prism
Dx = 1.314 Mg m−3

Cu Kα radiation, λ = 1.54178 Å
Cell parameters from 136 reflections
θ = 3.9–64.5°

µ = 1.92 mm−1

T = 296 K
Prism, colourless
0.25 × 0.22 × 0.20 mm

Data collection 

Bruker APEXII CCD area 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
phi and φ scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2009)
Tmin = 0.649, Tmax = 0.681

7355 measured reflections
2648 independent reflections
2563 reflections with I > 2σ(I)
Rint = 0.033
θmax = 64.5°, θmin = 3.9°
h = −9→9
k = −10→10
l = −13→14

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.043
wR(F2) = 0.137
S = 0.99
2648 reflections
207 parameters
1 restraint

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
w = 1/[σ2(Fo

2) + (0.108P)2 + 0.118P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.19 e Å−3

Δρmin = −0.39 e Å−3

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

S1 0.34336 (5) 0.38129 (4) 0.18309 (3) 0.0470 (2)
O1 0.44860 (18) 0.32376 (16) 0.09529 (11) 0.0618 (4)
O2 0.19850 (16) 0.30652 (16) 0.23631 (12) 0.0610 (4)
O3 0.64057 (17) 0.5301 (2) 0.16088 (12) 0.0698 (4)
O4 0.4391 (2) 0.1532 (2) 0.60613 (12) 0.0763 (5)
N1 0.28789 (19) 0.57568 (18) 0.12078 (13) 0.0497 (4)
C6 0.4092 (2) 0.2693 (2) 0.40838 (15) 0.0489 (4)
H6 0.314832 0.219438 0.422857 0.059*
C1 0.45925 (19) 0.36296 (19) 0.29687 (14) 0.0445 (4)
C7 0.19017 (19) 0.6872 (2) 0.17771 (15) 0.0485 (4)
C12 0.1028 (2) 0.6344 (2) 0.28766 (18) 0.0577 (5)
H12 0.107873 0.522377 0.327115 0.069*
C2 0.6007 (2) 0.4398 (2) 0.27360 (15) 0.0507 (4)
C11 0.0082 (2) 0.7466 (3) 0.3391 (2) 0.0685 (6)
H11 −0.050415 0.708576 0.412385 0.082*
C5 0.4996 (2) 0.2490 (2) 0.49952 (16) 0.0538 (4)
C4 0.6377 (2) 0.3252 (2) 0.47736 (17) 0.0581 (5)
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H4 0.697965 0.312755 0.538097 0.070*
C3 0.6877 (2) 0.4200 (2) 0.36550 (18) 0.0595 (5)
H3 0.781062 0.471196 0.351890 0.071*
C10 −0.0009 (3) 0.9127 (3) 0.2844 (3) 0.0783 (7)
C8 0.1819 (3) 0.8543 (3) 0.1200 (2) 0.0697 (6)
C13 0.7981 (3) 0.5837 (3) 0.1296 (2) 0.0859 (7)
H13A 0.803816 0.659799 0.169734 0.129*
H13B 0.814002 0.636831 0.046849 0.129*
H13C 0.882941 0.490675 0.150991 0.129*
C9 0.0867 (3) 0.9620 (3) 0.1756 (3) 0.0878 (8)
H9 0.081935 1.074193 0.137132 0.105*
C14 0.5346 (4) 0.1151 (3) 0.69984 (19) 0.0855 (7)
H14A 0.644407 0.065513 0.678983 0.128*
H14B 0.483997 0.039851 0.767840 0.128*
H14C 0.540275 0.214074 0.716238 0.128*
C15 0.2757 (4) 0.9172 (3) 0.0005 (3) 0.1157 (13)
H15A 0.245755 1.034249 −0.029753 0.174*
H15B 0.248374 0.866065 −0.050942 0.174*
H15C 0.392517 0.891332 0.006391 0.174*
C16 −0.1017 (4) 1.0371 (4) 0.3400 (4) 0.1162 (13)
H16A −0.040391 1.125790 0.326571 0.174*
H16B −0.124654 0.985212 0.422422 0.174*
H16C −0.203964 1.079319 0.306240 0.174*
H1 0.359 (3) 0.617 (3) 0.068 (2) 0.073 (7)*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

S1 0.0493 (3) 0.0462 (3) 0.0487 (3) −0.01127 (19) −0.00489 (19) −0.0169 (2)
O1 0.0766 (9) 0.0560 (7) 0.0551 (7) −0.0082 (6) 0.0005 (6) −0.0250 (6)
O2 0.0596 (8) 0.0612 (8) 0.0671 (8) −0.0266 (6) −0.0089 (6) −0.0156 (6)
O3 0.0569 (8) 0.0875 (10) 0.0565 (8) −0.0334 (7) −0.0084 (6) 0.0026 (7)
O4 0.0836 (10) 0.0914 (11) 0.0479 (7) −0.0308 (8) −0.0070 (7) −0.0040 (7)
N1 0.0487 (8) 0.0497 (8) 0.0484 (8) −0.0082 (6) −0.0039 (6) −0.0126 (6)
C6 0.0474 (9) 0.0471 (9) 0.0517 (9) −0.0108 (7) −0.0015 (7) −0.0147 (7)
C1 0.0417 (8) 0.0427 (8) 0.0495 (9) −0.0055 (6) −0.0037 (7) −0.0157 (7)
C7 0.0367 (8) 0.0530 (9) 0.0585 (10) −0.0072 (7) −0.0082 (7) −0.0191 (8)
C12 0.0484 (9) 0.0602 (11) 0.0655 (11) −0.0090 (8) −0.0024 (8) −0.0220 (9)
C2 0.0459 (9) 0.0504 (9) 0.0523 (10) −0.0109 (7) −0.0040 (7) −0.0102 (7)
C11 0.0495 (10) 0.0844 (14) 0.0796 (14) −0.0177 (9) 0.0084 (9) −0.0394 (12)
C5 0.0586 (10) 0.0522 (9) 0.0468 (9) −0.0065 (8) −0.0039 (8) −0.0125 (7)
C4 0.0580 (10) 0.0624 (11) 0.0564 (10) −0.0082 (8) −0.0159 (8) −0.0175 (8)
C3 0.0498 (10) 0.0639 (11) 0.0647 (11) −0.0170 (8) −0.0115 (8) −0.0127 (9)
C10 0.0485 (11) 0.0750 (14) 0.122 (2) −0.0167 (9) 0.0137 (12) −0.0524 (14)
C8 0.0572 (11) 0.0544 (11) 0.0865 (14) −0.0058 (8) 0.0075 (10) −0.0164 (10)
C13 0.0685 (13) 0.1039 (18) 0.0752 (14) −0.0457 (13) −0.0026 (11) 0.0012 (13)
C9 0.0700 (14) 0.0550 (12) 0.128 (2) −0.0105 (10) 0.0196 (14) −0.0296 (13)
C14 0.1138 (19) 0.0856 (15) 0.0505 (11) −0.0181 (14) −0.0197 (12) −0.0054 (11)
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C15 0.120 (2) 0.0573 (13) 0.117 (2) 0.0038 (14) 0.0445 (19) 0.0044 (14)
C16 0.0821 (17) 0.099 (2) 0.188 (4) −0.0286 (15) 0.042 (2) −0.092 (2)

Geometric parameters (Å, º) 

S1—O1 1.4269 (13) C5—C4 1.376 (3)
S1—O2 1.4291 (13) C4—C3 1.383 (3)
S1—N1 1.6193 (15) C4—H4 0.9300
S1—C1 1.7701 (17) C3—H3 0.9300
O3—C2 1.361 (2) C10—C9 1.375 (4)
O3—C13 1.419 (2) C10—C16 1.512 (3)
O4—C5 1.364 (2) C8—C9 1.387 (3)
O4—C14 1.416 (3) C8—C15 1.510 (3)
N1—C7 1.429 (2) C13—H13A 0.9600
N1—H1 0.83 (2) C13—H13B 0.9600
C6—C1 1.376 (2) C13—H13C 0.9600
C6—C5 1.392 (3) C9—H9 0.9300
C6—H6 0.9300 C14—H14A 0.9600
C1—C2 1.402 (2) C14—H14B 0.9600
C7—C8 1.385 (3) C14—H14C 0.9600
C7—C12 1.389 (3) C15—H15A 0.9600
C12—C11 1.383 (3) C15—H15B 0.9600
C12—H12 0.9300 C15—H15C 0.9600
C2—C3 1.383 (3) C16—H16A 0.9600
C11—C10 1.371 (3) C16—H16B 0.9600
C11—H11 0.9300 C16—H16C 0.9600

O1—S1—O2 118.43 (8) C2—C3—H3 119.6
O1—S1—N1 105.33 (8) C4—C3—H3 119.6
O2—S1—N1 108.81 (8) C11—C10—C9 116.8 (2)
O1—S1—C1 109.46 (8) C11—C10—C16 122.1 (2)
O2—S1—C1 107.06 (8) C9—C10—C16 121.0 (2)
N1—S1—C1 107.28 (7) C7—C8—C9 118.0 (2)
C2—O3—C13 118.15 (15) C7—C8—C15 120.9 (2)
C5—O4—C14 117.57 (17) C9—C8—C15 121.0 (2)
C7—N1—S1 125.25 (12) O3—C13—H13A 109.5
C7—N1—H1 114.3 (17) O3—C13—H13B 109.5
S1—N1—H1 112.3 (17) H13A—C13—H13B 109.5
C1—C6—C5 120.16 (16) O3—C13—H13C 109.5
C1—C6—H6 119.9 H13A—C13—H13C 109.5
C5—C6—H6 119.9 H13B—C13—H13C 109.5
C6—C1—C2 120.68 (15) C10—C9—C8 123.9 (2)
C6—C1—S1 118.58 (13) C10—C9—H9 118.0
C2—C1—S1 120.73 (13) C8—C9—H9 118.0
C8—C7—C12 119.12 (18) O4—C14—H14A 109.5
C8—C7—N1 118.30 (17) O4—C14—H14B 109.5
C12—C7—N1 122.57 (16) H14A—C14—H14B 109.5
C11—C12—C7 120.68 (19) O4—C14—H14C 109.5
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C11—C12—H12 119.7 H14A—C14—H14C 109.5
C7—C12—H12 119.7 H14B—C14—H14C 109.5
O3—C2—C3 125.06 (16) C8—C15—H15A 109.5
O3—C2—C1 116.57 (15) C8—C15—H15B 109.5
C3—C2—C1 118.37 (15) H15A—C15—H15B 109.5
C10—C11—C12 121.4 (2) C8—C15—H15C 109.5
C10—C11—H11 119.3 H15A—C15—H15C 109.5
C12—C11—H11 119.3 H15B—C15—H15C 109.5
O4—C5—C4 125.46 (17) C10—C16—H16A 109.5
O4—C5—C6 115.13 (16) C10—C16—H16B 109.5
C4—C5—C6 119.41 (16) H16A—C16—H16B 109.5
C5—C4—C3 120.53 (17) C10—C16—H16C 109.5
C5—C4—H4 119.7 H16A—C16—H16C 109.5
C3—C4—H4 119.7 H16B—C16—H16C 109.5
C2—C3—C4 120.86 (16)

O1—S1—N1—C7 −175.71 (13) C7—C12—C11—C10 −0.8 (3)
O2—S1—N1—C7 56.34 (15) C14—O4—C5—C4 −6.7 (3)
C1—S1—N1—C7 −59.16 (15) C14—O4—C5—C6 173.99 (19)
C5—C6—C1—C2 −0.4 (3) C1—C6—C5—O4 −179.72 (16)
C5—C6—C1—S1 178.50 (13) C1—C6—C5—C4 0.9 (3)
O1—S1—C1—C6 −121.84 (14) O4—C5—C4—C3 −179.88 (19)
O2—S1—C1—C6 7.70 (16) C6—C5—C4—C3 −0.6 (3)
N1—S1—C1—C6 124.36 (14) O3—C2—C3—C4 −179.80 (18)
O1—S1—C1—C2 57.05 (15) C1—C2—C3—C4 0.8 (3)
O2—S1—C1—C2 −173.42 (13) C5—C4—C3—C2 −0.3 (3)
N1—S1—C1—C2 −56.76 (15) C12—C11—C10—C9 0.7 (3)
S1—N1—C7—C8 166.60 (15) C12—C11—C10—C16 −179.1 (2)
S1—N1—C7—C12 −13.9 (2) C12—C7—C8—C9 0.4 (3)
C8—C7—C12—C11 0.2 (3) N1—C7—C8—C9 179.95 (19)
N1—C7—C12—C11 −179.31 (16) C12—C7—C8—C15 179.7 (3)
C13—O3—C2—C3 12.3 (3) N1—C7—C8—C15 −0.8 (3)
C13—O3—C2—C1 −168.32 (19) C11—C10—C9—C8 −0.1 (4)
C6—C1—C2—O3 −179.91 (16) C16—C10—C9—C8 179.8 (3)
S1—C1—C2—O3 1.2 (2) C7—C8—C9—C10 −0.5 (4)
C6—C1—C2—C3 −0.5 (3) C15—C8—C9—C10 −179.8 (3)
S1—C1—C2—C3 −179.31 (14)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C12—H12···O2 0.93 2.43 3.0572 125
N1—H1···O1i 0.83 2.31 3.1218 165

Symmetry code: (i) −x+1, −y+1, −z.


