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Abstract : The preparation of novel 3,4-dihydro-2H-1,2,4-benzothiadiazine-1,1-dioxide derivatives
through the condensation of halogenated 2-aminobenzenesulfonamides and benzaldehydes using sodium
hydrogen sulfite is described. Contrary to previous reports for non substituted 2-
aminobenzenesulfonamides, sodium hydrogen sulfite does not effect the dehydrogenation of 3,4-dihydro
compounds to the corresponding 3,4-unsaturated 2H-1,2,4-benzothiadiazines. The preliminary cytotoxic
evaluation of some of these new compounds toward several human tumor cell lines is also reported.

Introduction

1,2,4-Benzothiadiazine heterocyclic ring system has been extensively investigated during the last 50
years, mainly because of its variety of biological activities, which includes diuretic (1), antihypertensive
(2), potassium channel openers (3), a;-adrenoreceptor antagonists (4), phosphodiesterase (PDE,)
inhibitors (5), free radical scavengers (6), allosteric modulators of AMPA/kainate receptors (7), bone
regeneration (8), and prolylendopeptidase inhibitors (9). Structural similarity to other important
pharmacophores, such as 4-quinazolinones (10) has recently impulse its preparation through modern
combinatorial chemistry techniques (11).

3-substituted alkyl and aryl 1,2,4-benzothiadiazine 1,1-dioxides have been synthesized for over a hundred
years ago. Initial reports from Ekbom (12) and Freeman (13) consisted in their preparation by
condensation of a 2-amino-benzenesulfonamide with an alkyl-orthoformate. Other reported procedures
includes acylation of the above with reactive carboxylic acid derivatives followed by a cyclodehydration
promoted by heating with base (13,14), direct cyclocondensation with amidines at elevated temperatures
(15), and cyclodehydrogenation with aldehydes in the presence of sodium hydrogen sulfite (16). During
our research program, directed toward the preparation of novel compounds of the 4(3H)-quinazolinone
(17) and 1,8-naphthyridine-4-one (18) type with potential cytotoxic-antitumoral activity, we decided to
explore the synthesis and biological testing of new 3-aryl-substituted 1,2,4-benzothiadiazine 1,1-dioxides
as their isostere analogs.

Results and Discussions
Chemistry

Initially interested in the preparation of 2H-1,2,4-benzothiadiazine 1,1-dioxide derivatives 3, we
attempted a cyclodehydrogenation procedure with an appropriate  5-halo-substituted 2-
aminobenzenesulfonamide 1 and different benzaldehydes 2 using sodium hydrogen sulfite in
dimethylacetamide (Scheme 1). Despite this methodology has been used successfully with non substituted
2-aminobenzenesulfonamides (16), and in the preparation of their isostere counterparts 4(3H)-
quinazolinones (16,17), it failed for all our cases (Table 1) to generate the 3,4-double bond of desired 2H-
1,2,4-benzothiadiazines 3, even at higher temperatures (up to 180°C) or longer heating times (12 h).
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Somehow, the halogen located at C-5 of the sulfonamide affects the double bond generation, cause only a
5% of the unsaturated compound was detected by 'THNMR —typically characterized by a broad singlet NH
signal at around 12 ppm- at longer reaction times. Standard procedures for the preparation of 3-alkyl or
aryl 3,4-dihydro-1,2,4-benzothiadiazine 1,1-dioxides are the condensation of 2-
aminobenzenesulfonamides with aldehydes either in acid or basic media (7,13), as well as their
condensation with the corresponding hemiacetal precursor (7). Our results show that different 2-aryl 3,4-
dihydro-benzothiadiazines 4a-h should be obtained in good yields using sodium hydrogen sulfite as the
activator for the condensation, but not as a dehydrogenating agent if the starting 2-
aminobenzenesulfonamide is substituted with an halogen at C-5. Perhaps the electronic nature of this
substituent should affect the dehydrogenation step of the reaction, and changing it to an electron donating
group (ie. alkoxy) may help to elicit an answer to this question; an ongoing study on this matter is being
doing in our labs and will be published elsewhere.
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Table-1 : Yields of synthesis compounds
X
H
Compd. No. X R Yield (%) Mol. formula

4a Br 4’-Br 64 C13H10BI'2N2028
4b Cl 3’-Cl 82 Cy5H,,CILN,O,S
4c Cl 3’-F 50 C,3H;0CIFN,0,S
4d Cl 3’-OMe 68" C14H;3CIN, 058
4e Cl 3’-Me 52 C]4H13C1N202$
4f Cl 3,4-(OMe), 70 C,5H;5CIN,O,S
4g Br 3°-OMe 59 C]4H13BI'N203S
4h Br 3,4-(0Me)2 74b C]5H15BTN204S

® When the reaction was performed at higher temperatures (180°C), a comparable result was obtained (67
% yield) and nothing of 3d was detected.” Prolonging the reaction time up to 12h only generates a 5%
ratio of the unsaturated 2H-1,2,4-benzothiadiazine 1,1-dioxide 3h (detected by 'HNMR).
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Preliminary Biological Evaluation

3,4-dihydro-1,2,4-benzothiadiazine 1,1-dioxide derivatives 4b, 4c, 4d and 4f were evaluated. The cellular
responses through the [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide] (MTT) (20)
method were measured in Lovo (colon carcinoma), X-17 (colon carcinoma), PC-3 (prostate carcinoma),
MCF-7 (human breast carcinoma), FOG (cerebral tumor) and human fibroblast cells at the concentration
of 10 ppm (ug/ml) for 24 h (the cytotoxic drug adriamycin was used for comparison). Results indicated
some selectivity but only a moderate cytotoxicity for compounds 4d and 4f against the PC-3 prostate
carcinoma cell line (Table 2). Despite this is only a preliminary test, a more extensive study, including all
the compounds synthesized and new polysubstituted derivatives is underway. Due biological activity is
known to be strongly affected by chirality, it is obvious that resolution of the chiral center at C-3 should
clear the results here observed. A recent study of Canazza and coworkers on the resolution of the chiral
center of 3,4-dihydro-3-methyl-1,2,4-benzothiadiazine must be taken into account to solve this mattern

Q1)

Table-2 : Inhibition of Cellular Proliferation (%)

Compd. No. Lovo X-17 PC-3 MCF-7 FOG Fibroblast
4b 2.19 0 4.3 16.0 9.0 19.67
4c 15.8 0 19.1 11.0 5.0 0
4d 28.7 0 38.08 13.0 11.0 247
4f 1285 0 37.6 8.0 14 28.8
Adriamycin 63.0 59.0 78.3 72.0 70.0 66.0
Experimental

Melting points were determined in a Fischer-Johns micro hot-stage apparatus and are uncorrected. NMR
spectra were obtained on a JEOL Eclipse Plus spectrometer in hexadeuterated dimethylsulfoxide,
operating at 400 MHz ('H, internal standard TMS); & values in ppm relative to the internal standard are
given. The IR spectra were recorded as potassium bromide discs using a Shimadzu CW/IR 470
spectrometer. Elemental analyses were performed by Atlantic Microlab Inc. (Norcross, GA, USA); results
fell in the range of + 0.4% of the required theoretical values. Silica gel plates ALUGRAM® SIL G/UV254
(Macherey-Nagel GmbH & Co., Germany) were used for TLC testing. Reagents were obtained from
Aldrich (Milwaukee, MI, USA) or Merck (Darmstadt, Germany) and used without further purification. 5-
halo substituted 2-aminobenezenesulfonamides 1a,b were prepared from the appropriate aniline following
the procedure described in the literature (19).

7-Halo-(3-substituted-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4a-h);
General Procedure

Sodium hydrogen sulfite (0.156g, 1.5 mmol) is added to a solution of S5-halo-2-amino-
benzenesulfonamide (I mmol) and the corresponding substituted benzaldehyde (1 mmol) in
dimethylacetamide (2 mL). The mixture is heated with stirring at 160 °C for 3h, cooled at room
temperature and then poured into crushed ice-water. The precipitated solid is collected by filtration and
then washed several times with cool water. Compounds were recrystallized from dimethylformamide-
water.
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7-Bromo-3-(4-bromo-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4a). Yield 64%.
M.p.244-46 °C. '"H-NMR & 8.01 (1H, d, J=12.0 Hz, NH); 7.63 (6H, m, Harom); 7.56 (1H, bs, NH); 7.48 (1H,
dd,J=2.5,9.0 Hz Haromg); 6.89 (1H, d, J=9.0 Hz, Haroms); 5.80 (1H, d, J= 12.0 Hz, H-C;). IR (KBr): 1302,
1155 (SOy) cm’ ! Anal. Calcd. for Ci13H10BraN>O,S: C, 37.34; H, 2.41; N, 6.70. Found: C, 37.15; H, 2.52 ; N,
6.82.

7-Chloro-3-(3-chloro-phenyl)-3,4-dihydro-2 H-1,2,4-benzothiadiazine 1,1-dioxide (4b). Yield 82%.
M.p.195-6 °C. 'H-NMR & 8.01 (1H, d, J=12.0 Hz, NH); 7.79 (1H, s, Harom); 7.68 (1H, bs, NH); 7.62 (1H, d,
J=6.6 Hz, Harom); 7.54 (3H, m, Harom); 7.40 (1H, dd, J= 1.5, 8.9 Hz, Haromg); 6.93 (1H, d, J=8.9 Hz,
Haroms;); 5.83 (1H, d, J= 12.0 Hz, H-C3). IR (KBr): 1290, 1150 (SOy) cm’. Anal. Calcd. for C13H1oCILN,0,S:
C,4743;H, 3.06; N, 8.51. Found: C,47.52 ; H,3.10 ; N, 8.42.

7-Chloro-3-(3-fluoro-phenyl)-3,4-dihydro-2 H-1,2,4-benzothiadiazine 1,1-dioxide (4c). Yield 50%.
M.p.188-90 °C. 'H-NMR & 8.11 (1H, d, J=12.0 Hz, NH); 7.67 (1H, s, NH); 7.58 (1H, bs, NH); 7.53 (4H, m,
Harom); 7.40 (1H, dd, J= 2.5, 8.9 Hz, Haromg); 7.30 (1H, m, Harom); 6.93 (1H, d, J=8.9 Hz, Haroms); 5.83
(1H, d, J= 12.0 Hz, H-C;). IR (KBr): 1285, 1155 (SO,) em’. Anal. Calcd. for C13H0CIFN,0,S: C, 49.93; H,
3.22; N, 8.96. Found: C, 49.75 ; H, 3.15 ; N, 9.03.

7-Chloro-3-(3-methoxy-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4d). Yield 68%.
M.p.258-9 °C. 'H-NMR & 7.93 (1H, d, J=12.0 Hz, NH); 7.52 (2H, m, NH, Harom); 7.37 (2H, m, Harom); 7.29
(1H, s, Harom); 7.21 (1H, d, J=7.3 Hz, Harom); 7.01 (1H, dd, J=2.5, 8.9 Hz, Haromg); 6.96 (lH d, J=8.9 Hz,
Haroms); 5.75 (1H, d, J= 12.0 Hz, H-C;); 3.81 (3H, s, OCH3). IR (KBr): 1290, 1150 (SO3) cm’ Anal Calcd.
for C4H3CIN,0;S: C, 51.77; H, 4.03; N, 8.63. Found: C, 51.62 ; H, 4.08 ; N, 8.52.

7-Chloro-3-(3-methyl-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4e). Yield 52%.
M.p.190-91 °C. 'H-NMR & 8.02 (1H, d, J=12.0 Hz, NH); 7.62 (1H, bs, NH); 7.53 (1H, d, J=2.5 Hz, Haroms);
7.49 (1H, s, Harom); 7.44 (1H, d, J=7.7 Hz, Harom); 7.38 (1H, dd, J= 2.5, 8.9 Hz, Haromg); 7.34 (1H, d, J=7.7
Hz, Harom); 7.26 (1H, d, J=7.7 Hz, Harom); 6.93 (IH d, J=8.9 Hz, Haroms); 5.73 (1H, d, J= 12.0 Hz, B-G;);
2.35 (3H, s, CHs). IR (KBr): 1280, 1160 (SO2) cm™. Anal. Caled. for C4H;3CIN,0,S: C, 54.46; H, 4.24; N,
9.07. Found: C, 54.61; H, 4.18 ; N, 9.15.

7-Chloro-3-(3,4-dimethoxy-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4f). Yield 70%.
M.p. 253-4 °C. 'H-NMR 8 7.97 (1H, d, J=12.0 Hz, NH); 7.58 (1H, bs, NH); 7.54 (1H, d, J=2.2 Hz, Haromg);
7.38 (1H, dd, J= 2.2, 8.8 Hz, Harome); 7.33 (1H, s, Harom); 7.17 (1H, d, J=8.4 Hz, Harom); 7.00 (1H, d, J=8.4
Hz); 6.93 (1H, d J=8.8 Hz, Haroms); 5.70 (1H, d, J= 12.0 Hz, H-C;); 3.78 (6H, s, OCHj3). IR (KBr): 1295,
1145 (SO,) em’. Anal. Calcd. for C;sHsCIN,0,S: C, 50.78; H, 4.26; N, 7.90. Found: C, 50.62 ; H, 4.19 ; N,
7.98.

7-Bromo-3-(3-methoxy-phenyl)-3,4-dihydro-2H-1,2,4-benzothiadiazine 1,1-dioxide (4g). Yield 59%.
M.p.225-27 °C. 'H-NMR § 8.04 (1H, d, J=12.0 Hz, NH); 7.64 (2H, m, Harom, NH); 7.48 (1H, dd, J=2.2, 8.8
Hz, Haromg) 7.37 (1H, t, J=8.0 Hz, Harom); 7.29 (1H, s, Harom); 7.22 (1H, d, J=8.0 Hz, Harom); 7.02 (1H,
dd, J=2.2, 8.0 Hz, Harom); 6.89 (1H, d, J=8.8 Hz, Haroms); 5.75 (1H, d, J= 12.0 Hz, H-C;); 3.79 (3H, s,
OCHs5). IR (KBr): 1290, 1158 (SOy) em’. Anal Caled. for Ci4H3BiN,05S: C, 45.54; H, 3.55; N, 7.59. Found:
C,45.69 ;H,3.61 ;N, 7.41.

7-Bromo-3-(3,4-dimethoxy-phenyl)-3,4-dihydro-2 H-1,2 4-benzothiadiazine 1,1-dioxide (4h). Yield 74%.
M.p.260-1 °C. 'H-NMR & 7.98 (1H, d, J=12.1 Hz, NH); 7.64 (1H, d, J=2.2 Hz, Harom); 7.58 (1H, bs, NH);
7.47 (14, dd, J= 2.5, 8.9 Hz, Haromg¢); 7.32 (1H, d, J=1.9Hz, Harom); 7.17 (1H, dd, J=1.9, 8.4 Hz, Harom);
7.00 (1H, d, J=8.4 Hz, Harom); 6.87 (1H, d, J=8.9 Hz, Haroms), 5.70 (1H, d, J= 12.0 Hz, H-C3); 3.79 (3H, s,
OCHa); 3.78 (3H, s, OCH3). IR (KBr): 1292, 1158 (SO,) cm™. 4nal. Caled. for C;sH;sBrN,O,S: C, 50.74; H,
4.26; N, 7.90. Found: C, 50.87 ; H, 4.35; N, 7.74.
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