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The synthesis of two 1,2,4-benzothiadiazine derivatives, namely, 6-bromo-4H-spiro[1,2,4-benzo-
thiadiazine-3,1�-cyclobutane] 1,1-dioxide (1) and 6-bromo-1�-ethyl-4H-spiro[1,2,4-benzothiadi-
azine-3,4�-piperidine] 1,1-dioxide (2) is described in the present work. The synthesized com-
pounds were studied by IR, 1H and 13C NMR, and single crystal X-ray diffraction to determine 
their molecular and crystal structure. In both structures the conformation of the 1,2,4-
thiadiazinane ring is a twisted chair and is stabilized by the intramolecular interaction of the 
C—H…O type. Compound 1 crystallizes in the monoclinic crystal system and space group 
C2/c with the unit cell parameters a = 15.8690(17) Å, b = 12.1453(16) Å, c = 12.0152(15) Å, 
� = 99.686(7)�, Z = 8 and V = 2282.7(5) Å3. Compound 2 crystallizes in the monoclinic crystal 
system and space group P21/c with the unit cell parameters a = 14.5748(6) Å, b = 9.3340(5) Å, 
c = 12.4283(6) Å, � = 112.757(2)�, Z = 4 and V = 1559.14(13) Å3. In the crystal structures dif-
ferent packing motifs are implemented with the formation of supramolecular assemblies of dif-
ferent types due to classical hydrogen bonds such as N—H…O and intermolecular interactions 
of N—H…Br, N—H…N, C—H…O types and �…� stacking.  
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bonds, N—H…Br interactions, N—H…N interactions, C—H…O interactions, �…� stacking. 

INTRODUCTION

The sulfonamide class of drugs have been used since long back due to its amazing antibacterial 
and antifungal activities [ 1, 2 ]. 1,2,4-Benzothiadiazine 1,1-dioxides are used as antihypertensive, diu-
retic, anti-diabetic, glutaminergic neuro modulators [ 3, 4 ] and K-channel inhibitors [ 5 ], yet the ring 
system has also been known for its anti-microbial and anti-tubercular activities [ 6, 7 ]. Additionally, 
this class of compounds has been proved to inhibit hepatitis C virus (HCV) replication effectively in 
cell based replication systems with no apparent cytotoxicity [ 8 ]. Anticancer agents containing the 
1,2,4-benzothiadiazine 1,1-dioxide ring system also exhibit potent antiviral activity. Especially, ben-
zothiadiazine-3-one 1,1-dioxide and its derivatives possess potential activity, including hypoglycemic 
[ 9 ], anticancer, and anti-HIV activities [ 10—13 ], and also serve as selective antagonists of CXR2 
[ 14 ]. 2-Substituted-2H-1,2,4-benzothiadiazine-3(4H)one 1,1-dioxides showed varying degrees of se-
dative and hypotensive activities [ 15 ]. A number of benzothiadiazine 1,1-dioxide derivatives have 
recently been reported to display numerous biological activities [ 16—22 ]. A literature search reveals  
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that 1,2,4-benzothiadiazine 1,1-dioxides 
are generally synthesized either by con-
densation of o-amino benzene sulfon-
amides with urea at elevated tempera-
tures [ 23 ] or by the reaction of o-ami-
no benzene sulfonamide with isocyana-
tes in DMF under reflux [ 24 ]. Al-
though various approaches to the pre-
paration of 1,2,4-benzothiadiazine 1,1-
dioxide derivatives have been reported 
[ 25—31 ], the development of a simp-
ler method for the synthesis of the 1,2,4-
benzothiadiazine 1,1-dioxide moiety is 
still desirable because of their biologi-
cal significance. 

In search for new class of antibacterial and antifungal agents the present paper describes the synthe-
sis of two important derivatives of 1,2,4-benzothiadiazine. 2-Amino-4-bromobenzene sulfonamide on 
reaction with different ketones undergoes cyclisation. The cyclisation occurs through condensation and is 
found to be successful when T3P� (poly phosphoric acid anhydride) is employed as the coupling agent 
under reflux, as shown in Scheme 1. Therefore, in view of the above facts compounds 1 and 2 were syn-
thesized and characterized by IR, 1H and 13C NMR, and LC-MS techniques. The compounds were also 
subjected to single crystal X-ray diffraction studies to understand their molecular and crystal structures. 

EXPERIMENTAL 

Materials and methods. Melting points were determined in open capillaries and are uncorrected. 
Solid state FT-IR spectra were recorded as KBr discs on a Jasco FT-IR spectrometer. 1H and 13C NMR 
spectra were recorded in DMSO-d6 at 399.13 MHz and 75.50 MHz respectively on a Bruker model 
Avance II instrument. All the chemical shifts were reported in parts per million (ppm) using tetramethyl 
silane (TMS) as the internal standard. Mass spectral data were obtained on an AGILENT LC-MS co-
lumn c-18 instrument. The progresses of all the reactions were monitored by thin layer chromatography.  

Synthesis

Synthesis of 6-bromo-4H-spiro[ 1,2,4-benzothiadiazine-3,1�-cyclobutane] 1,1-dioxide (1). To 
a cooled solution of 2-amino-4-bromo benzene sulfonamide (5.0 g, 19.9 mmol) and anhydrous MgSO4 
(3.5 g, 29.88 mmol) in dry toluene (60 ml), cyclobutanone (1.5 g, 22 mmol) was added followed by 
slow addition of polyphosphoric acid anhydride (T3P�, 19 ml, 29.88 mmol, 50 % solution in ethyl ace-
tate).The reaction mixture was then refluxed in a sealed tube at 120 �C for 6 h. It was cooled to 10 �C 
and neutralized with a saturated NaHCO3 solution (100 ml). The crude product was extracted with 
ethyl acetate (100 ml) and was finally washed with a brine solution (50 ml). The organic phase was 
dried over anhydrous sodium sulfate and concentrated to give a crude product as a brown solid. It was 
then dissolved in a minimum amount of ethyl acetate (25 ml) and stirred for 1 h in an ice cooled bath, 
filtered, and washed with cold ethyl acetate (10 ml X 2) to give pure titled compound (4.5 g, 75 % 
yield) as an off-white solid. M.p. 275—278 �C. 

Synthesis of 6-bromo-1�-ethyl-4H-spiro[1,2,4-benzothiadiazine-3,4�-piperidine] 1,1-dioxide (2). 
Compound 2 was prepared following the similar procedure with 1-ethyl-4-piperidone (2.8 g, 22 mmol) 
to get an off-white solid (3.8 g, 53 % yield). M.p. 265—268 �C. 

X-ray diffraction analysis 
Colourless prisms of both compounds were obtained from slow evaporation of the solutions of 

the respective compounds in ethyl acetate.  
The data for the two compounds were collected on a Bruker Smart X2S diffractometer using 

CuK� (� = 1.54178) radiation. Image processing and data reduction were performed using SAINT- 
 

 

Scheme 1 
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T a b l e  1  

Crystal data and structure refinement for 1 and 2 

Parameter 1 2 

CCDC number 1023519 1023520 
Empirical formula C10H11BrN2O2S C13H18BrN3O2S 
Formula weight 303.18 360.27 
Temperature, K 296(2) 293(2) 
Crystal system Monoclinic Monoclinic 
Space group C2/c P21/c 
a, b, c, Å 15.8690(17), 12.1453(16), 12.0152(15) 14.5748(6), 9.3340(5), 12.4283(6) 
�, deg. 99.686(7) 112.757(2) 
Volume, Å3 2282.7(5) 1559.14(13) 
Z 8 4 
	calc, mg/mm3 1.764 1.535 
Absorption coefficient 6.529 4.894 
F (000) 1216.0 736.0 
Crystal size, mm 0.43
0.32
0.18 0.46
0.33
0.19 
2� range for data collection, deg. 9.22 to 128.58 11.54 to 129 
Index ranges –18 � h � 18,  –14 � k � 13,  

–13 � l � 13 
–16 � h � 17,  –10 � k � 9,  

–14 � l � 14 
Reflections collected / independent  8176 / 1872 15006 / 2569 
Data / restraints / parameters 1872 / 0 / 145 2569 / 0 / 182 
Goodness-of-fit on F 2 1.085 1.044 
Final R indexes [I 
 2�(I )] R1 = 0.0430, wR2 = 0.1170 R1 = 0.0513, wR2 = 0.1350 
Final R indexes [all data] R1 = 0.0543, wR2 = 0.1346 R1 = 0.0645, wR2 = 0.1442 
Largest diff. peak / hole, e/Å3 0.62 / –0.63 0.57 / –0.74 

 
Plus and XPREP [ 32 ]. The structure was solved by direct methods using SHELXS-97 [ 33 ]. The po-
sitions and anisotropic displacement parameters of all the atoms (excluding hydrogen) were included 
in the full-matrix least-square refinement using SHELXL97 [ 33 ] and the procedures were carried out 
for a few cycles until the convergence was reached. The H atoms were placed at the calculated posi-
tions in the riding model approximation (aromatic C—H: 0.93 Å; Alkyl C—H: 0.96 Å) with Uiso(H) = 
= 1.5Ueq(C) for Alkyl H and Uiso(H) = 1.2Ueq(C) for all other H atoms. The H atom of the NH group 
was located in a difference map and later refined freely. The non-hydrogen atoms were refined aniso-
tropically. Molecular and packing diagrams were generated using ORTEP [ 34 ] and MERCURY 
[ 35 ]. The details of crystal data and structure refinement of 1 and 2 are given in Table 1.  

RESULTS AND DISCUSSION  

The compounds were synthesized according to Scheme 1 and characterized by IR, 1H and 13C 
NMR, LC-MS, and single crystal X-ray diffraction techniques. 

Spectral analysis. Spectral data of the synthesized compounds are in full agreement with its pro-
posed structure. 

The IR spectra of compounds 1 and 2 exhibit strong bands at 1376 cm–1 due to asymmetric (S=O) 
stretching and a band at 1160 cm–1 due to symmetric (S=O) stretching. A single band appearing at 
3104 cm–1 due to the secondary N—H group of sulphonamide and a band at 3305 cm–1 confirms the 
cyclization of sulphonamide through condensation with the ketone. The appearance of a band between 
2950—2814 cm–1 due to C—H stretching in compounds 1 and 2 confirms the presence of saturated 
hydrocarbons. Stretching C—N bands have overlapped with the S=O stretching frequencies, hence 
could not be identified. The 1H NMR spectrum of compound 1 shows peaks at �, ppm: 7.92 (s, 1H, 
SO2NH), 7.76 (s, 1H, Ar—H), 7.36—7.34 (d, 1H, Ar—H, J = 8.4 Hz), 6.917—6.912 (d, 1H, Ar—H, 
J = 2.0 Hz), 3.32 (s, 1H, NH), 2.57—2.48 (m, 2H, CH2), 2.18—2.10 (m, 2H, CH2), 1.86—1.76 (m, 
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T a b l e  2

Selected bond lengths (Å) and angles (deg.) for compounds 1 and 2

Bond lengths Bond angles Bond lengths Bond angles 

Compound 1 Compound 2 
C1—Br1 1.893(4) C2—C1—Br1 117.8(3) C1—Br1 1.904(4) C2—C1—Br1 118.2(3) 
C3—N1 1.412(5) C6—C1—Br1 119.5(3) C3—N2 1.362(4) C6—C1—Br1 118.9(3) 
S1—C4 1.745(4) C2—C3—N1 118.9(4) S1—C4 1.745(4) C2—C3—N2 119.7(3) 
N1—C7 1.446(5) C4—C3—N1 122.7(3) N1—C7 1.478(4) C4—C3—N2 122.9(3) 
N2—C7 1.475(5) C3—C4—S1 120.8(3) N2—C7 1.452(4) C3—C4—S1 119.7(3) 
S1—N2 1.625(3) C5—C4—S1 118.6(3) C9—N3 1.471(4) C5—C4—S1 119.2(3) 
S1—O1 1.434(3) N1—C7—C8 119.0(3) C10—N3 1.472(4) N1—C7—C8 112.1(2) 
S1—O2 1.430(3) N1—C7—C10 116.2(3) C12—N3 1.487(4) N1—C7—C11 107.9(2) 

  N1—C7—N2 108.4(3) S1—O1 1.426(3) N2—C7—C8 110.9(3) 
  N2—C7—C8 114.3(3) S1—O2 1.435(2) N2—C7—C11 108.3(2) 
  N2—C7—C10 109.3(3) S1—N1 1.621(2) N2—C7—N1 109.4(3) 
  C3—N1—C7 118.9(3)   N3—C9—C8 110.0(3) 
  C7—N2—S1 116.8(3)   N3—C10—C11 110.7(3) 
  N2—S1—C4 102.55(18)   N3—C12—C13 113.5(3) 
  O1—S1—C4 110.18(19)   O1—S1—C4 109.61(17) 
  O1—S1—N2 107.08(19)   O2—S1—O1 116.80(14) 
  O2—S1—C4 108.8(2)   O1—S1—N1 107.42(14) 
  O2—S1—N2 109.50(18)   O2—S1—N1 109.67(14) 

  O2—S1—O1 117.7(2)   N1—S1—C4 103.19(14) 
 
2H, CH2). 13C NMR of compound 1 shows peaks at �, ppm: 144 (C1), 119 (C2), 125 (C3), 126 (C4), 
120 (C5), 117 (C6), 71 (C7), 39 (C8), 36 (C9), 13 (C10). The LC-MS spectrum shows the appearance 
of molecular ion peaks at m/z 301 and 305, confirming the structure of the compound.  

The spectral analysis of compound 2 confirms its structure. The spectral data of the synthesized 
compounds are in full agreement with its proposed structure. The 1H NMR spectrum of compound 2
shows peaks at �, ppm: 7.49—7.47 (d, 1H, Ar—H, J = 8.4 Hz), 7.28 (s, 1H, SO2NH), 6.98—6.96 (q, 
1H, Ar—H, J = 3.3 Hz), 6.897—6.892 (d, 1H, Ar—H, J = 1.64 Hz), 4.58 (s, 1H, NH), 2.71—2.67 (m, 
2H, CH2), 2.59—2.49 (m, 4H, CH2), 2.37—2.33 (d, 2H, CH2, J = 16 Hz), 1.94—1.88 (q, 2H, CH2, 
J = 2.6 Hz), 1.14—1.11 (t, 3H, CH3, J = 6 Hz). In the LC-MS spectrum molecular ion peaks at m/z 
361 and 363 of equal intensity confirm the structure of the compound.  

Crystallography. The details of the crystal data and structure refinement of the compounds are 
given in Table 1. The selected bond lengths and bond angles for compounds 1 and 2 are given in Table 2. 
Table 3 gives the details of the respective hydrogen bonding and weak interactions in 1 and 2. The  
 

T a b l e  3  

Hydrogen bond geometry in 1 and 2(Å, deg.) (D: donor; A: acceptor; H: hydrogen) 

Compound 1 
Cg represents the centroid of the benzene ring

Compound 2 

D—H…A D—H H…A D…A D—H…A D—H…A D—H H…A D…A D—H…A

N1—HN1…O2i 0.86 2.60(1) 3.1113(1) 120(1) N2—HN2…O2iv 0.86 2.10(1) 2.9484(1) 170(1) 
N2—HN2…Br1ii 0.86 2.58(1) 3.1708(1) 127(1) N1—HN1…N3v 0.86 2.50(1) 3.0364(1) 121(1) 
C10—H10B…O2i 0.97 2.54(1) 3.2808(1) 133(1) C10—H10B…O1vi 0.97 2.49(1) 3.2259(1) 132(1) 
C8—H8B…O2* 0.97 2.44(1) 3.1374(1) 129(1) C12—H12B…O1vii 0.97 2.56(1) 3.3775(1) 142(1) 
Cg…Cgiii — — 3.759(1) — C8—H8B…O2* 0.97 2.38(1) 3.0808(1) 129(1) 

 
 

 

Symmetry code:  i 1/2–x, 1/2+y, 1/2–z;  ii –1/2+x, –1/2+y, z;  iii 1–x, y, 1/2–z;  iv x, 1/2–y, 1/2+z;  v 1–x, 1/2+y, 
1/2–z;  vi 1–x, –1/2+y, 1/2–z;  vii 1–x, 1–y, –z. 
* Intra. 
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Fig. 1. Molecular structure of compound 1, showing 
displacement ellipsoids drawn at the 50 % probabi-
                                   lity level. 
Intramolecular hydrogen bonds are shown as dashed lines 

 Fig. 2. Molecular structure of compound 2, showing 
displacement ellipsoids drawn at the 50 % probabi-
                                   lity level. 
Intramolecular hydrogen bonds are shown as dashed lines 

 
ORTEP diagrams of molecules 1 and 2 with thermal ellipsoids drawn at a 50 % probability are respec-
tively shown in Figs. 1 and 2. Further, the packing diagrams of 1 are shown in Figs. 3 and 4, whereas 
those of 2 are shown in Figs. 5 and 6. 

Molecular structure. Compound 1 crystallizes in the monoclinic crystal system and space group 
C2/c with the unit cell parameters a = 15.8690(17) Å, b = 12.1453(16) Å, c = 12.0152(15) Å, � = 
= 99.686(7)�, Z = 8 and V = 2282.7(5) Å3. The conformation of the 1,2,4-thiadiazinane ring in the 
structure is a twisted chair and is stabilized by the intramolecular C8—H8B…O2 interaction (Fig. 1), 
forming a S(6) graph set motif [36]. The twisted chair conformation of the 1,2,4-thiadiazinane ring is 
obtained from the puckering analysis [37]; puckering amplitude (Q) = 0.4823 Å, � = 129.77�, � = 
= 277.4155�. As predicted, the cyclobutyl ring has a puckered conformation. Further, the dihedral an-
gle between the benzene ring and the mean plane (considering non-H atoms) of the cyclobutyl ring is 
73.76(1)�, while that between the benzene ring and the mean plane (considering non-H atoms) of the 
1,2,4-thiadiazinane ring is 4.72(1)�, and that between the mean plane (considering non-H atoms) of the 
cyclobutyl ring and the mean plane (considering non-H atoms) of the 1,2,4-thiadiazinane ring is 
78.44(1)�. 

Compound 2 crystallizes in the monoclinic crystal system and space group P21/c with the unit 
cell parameters a = 14.5748(6) Å, b = 9.3340(5) Å, c = 12.4283(6) Å, � = 112.757(2)�, Z = 4 and V = 
= 1559.14(13) Å3. Similar to 1, the conformation of the 1,2,4-thiadiazinane ring in the structure is a 
twisted chair and is stabilized by the intramolecular C8—H8B…O2 interaction (Fig. 2), forming a  
 

 
 

Fig. 3. Crystal Packing in 1 due to N—H…B rand �…� interactions.  
H-atoms not involved in H-bonding are omitted for clarity purpose 
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Fig. 4. N—H…O and C—H…O interactions in 1 generating three dimensional architecture 
 

S(6) graph set motif [ 36 ]. The twisted chair conformation of the 1,2,4-thiadiazinane ring is verified 
from the puckering analysis [ 37 ]; puckering amplitude (Q) = 0.4321 Å, � = 127.52�, � = 260.7292�. 
Further, the piperidine ring in 2 has a chair conformation. The dihedral angle between the benzene 
ring and the mean plane (considering non-H atoms) of the piperidine ring is 73.76(1)�, while that be-
tween the benzene ring and the mean plane (considering non-H atoms) of the 1,2,4-thiadiazinane ring 
is 6.73(1)�, and that between the mean plane (considering non-H atoms) of the piperidine ring and the 
mean plane (considering non-H atoms) of the 1,2,4-thiadiazinane ring is 73.81(1)�. 

Crystal structure. In the crystal structures of 1 and 2 different packing motifs are implemented 
with the formation of supramolecular assemblies of different types due to classical hydrogen bonds 
such as N—H…O, intermolecular interactions of the N—H…Br, N—H…N, C—H…O types and 
weak �…� stacking interactions.  

In the crystal structure of 1 there are eight molecules in the unit cell. In the absence of any strong 
hydrogen bonds, the first stage of packing is controlled by N2—HN2…Br1 interactions. Table 3 gives 
the details of the contact distance and the symmetry of the intermolecular interaction. Each two mole-
cules in the unit cell are linked to one another by N2—HN2…Br1 interactions forming C(8) chains 
(Fig. 3). Thus, four such chains pass through each unit cell. In the second stage of packing, the two 
neighbouring chains are linked to one another by C10—H10B…O2 and N1—HN1…O2 interactions 
 

 
 

 

Fig. 5. Crystal packing in 2, for-
ming C(6) chains via N—H…O 
hydrogen bonds. Additional zig-zag
C(6) chains are formed due to the 
            N—H…N interactions 
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Fig. 6. Two dimensional architecture in 2 as a result of two C—H…O interac-
tions bifurcated at the O atom, forming C(12) chains and 2

2R (18) rings. For cla- 
rity purpose, the four molecules in the unit cell are shown with different colours 

 
(Table 3), the interaction being bifurcated at the acceptor O2 atom. The second stage of interactions 
generate two C(6) chains (Fig. 4). The molecular packing is further strengthened by the �…� stacking 
interaction (Fig. 3) between the C(8) chains, forming a three dimensional supramolecular architecture.  

However, in contrast to 1, the unit cell in the crystal structure of 2 contains four molecules. These 
four molecules are interconnected to one another, forming a tetrameric unit via N1—HN1…O2 hy-
drogen bonds and N1—HN1…N3 intermolecular interactions. Also, in contrast to 1, the first level of 
the molecular assembly in 2 is controlled by strong N—H...O hydrogen bonds (Table 3). Molecular 
pairs (1,2) and (3,4) are linked into C(6) chains through strong N2—HN2…O2 hydrogen bonds 
(Fig. 5), N2 being the piperidine nitrogen atom. Thus, the piperidine ring plays a significant role in 
controlling the supramolecular assembly. At the second level these chains are linked to one another via 
N1—HN1…N3 interactions (Table 3) where the molecular pairs (1,3) and (2,4) are linked via zigzag 
C(6) chains (Fig. 5). It is quite striking to see that 2 does not feature interactions of the N—H…Br 
type, but instead structure directing N—H…N interactions are observed. The zigzag chains are further 
interconnected to one another via two C—H…O interactions bifurcated at the acceptor O1 atom (Ta-
ble 3, Fig. 6), namely C10—H10B…O1, forming C(12) chains and C12—H12B…O1 exhibiting the 
R22(18) ring motif [ 36 ]. The supramolecular architecture does not feature any �…� stacking since 
the distance between the two nearest centroids is 4.979 Å. Therefore, the supramolecular architecture 
in 2 exhibits a two dimensional architecture.  

CONCLUSIONS 

The present work describes the synthesis of two 1,2,4-benzothiadiazine derivatives and their 
characterization by IR, 1H and 13C NMR, and LC-MS techniques. Further, single crystal X-ray diffrac-
tion studies were carried out to study the molecular and crystal structures. In the crystal structures dif-
ferent packing motifs are implemented with the formation of supramolecular assemblies of different 
types due to a difference in the intermolecular and weak interactions. The supramolecular assembly in 
1 is due to interactions of the N—H…Br, N—H…O, C—H…O types and a weak �…��interactions,  
while in 2, the packing is controlled by strong N—H…O hydrogen bonds and intermolecular interac-
tions of the N—H…N and C—H…O types. 1 exhibits a three dimensional supramolecular architec-
ture, while in 2 it is two dimensional.  
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