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CARBONIC ANHYDRASE INHIBITORS: NOVEL
COMPOUNDS CONTAINING S—-NH MOIETIES:
SULFENAMIDO-SULFONAMIDES,
SULFENIMIDO-SULFONAMIDES AND THEIR
INTERACTION WITH ISOZYMES I, I AND IV*
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Via Gino Capponi 7, I-50121, Firenze, lialy

( Received 11 March 1998)

Reaction of 2-nitrophenyl- and 4-nitrophenylsulfenyl chlorides with aromatic/heterocyclic
sulfonamides/bis-sulfonamides containing a free amino, hydrazino or imino group afforded
sulfenamdo-sulfonamides, or sulfenimido-sulfonamides. Oxidation of these derivatives with
potassium permanganate in acctone led to the corresponding bis-sulfonamides. The obtained
compounds were assayed as inhibitors of the zinc enzyme carbonic anhydrase (CA), isozymes
hCA L, hCAIl (human cytosolic forms from red cells) and bCA 1V (bovine membrane-asso-
ciated form). Good inhibition of the three CA isozymes was observed with some of the new
compounds, the bis-sulfonamides being more active than the sulfenamido-sulfonamides. Struc-
ture-active correlations for the new series of inhibitors are discussed. Some of the sulfenamido-
sulfonamides (but not the corresponding bis-sulfonamides) showed topical intraocular pressure
lowering effects when applied as a 2% solution directly into the rabbit eye.

Keywords: Aromatic/heterocyclic sulfonamide; Bis-sulfonamide; Carbonic anhydrase;
Isozyme I, 11, I'V; Sulfenamide; Antiglaucoma agents

INTRODUCTION

Heterocyclic/aromatic sulfonamide derivatives possessing the general
formula RSO>NH, played a critical role in the development of several

*See Ref. [1].
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important classes of pharmacological agents,””” such as the diuretics with
saluretic action,®® benzothiadiazine'® and high-ceiling diuretics,'" or the
antiglaucoma drugs with carbonic anhydrase (CA) inhibitory action among
others.'>!* The prototype for all these drugs was constituted by ace-
tazolamide 1a, the first non-mercurial diuretic,>® used for more than 45 years
in clinical medicine as a diuretic,® antiglaucoma,®!? antiepileptic'* and anti-
ulcer compound.'® It is still used nowadays, mainly as a diagnostic tool in
NMR imaging,'®'” and in many physiological studies.'®* 2° The major bio-
logical action of acetazolamide and related sulfonamides such as benzol-
amide 1b or methazolamide 2 is connected with the powerful inhibition of
the zinc enzyme carbonic anhydrase (CA, EC 4.2.1.1), for which at least
eight isozymes are presently known in higher vertebrates.* *'> The multi-
tude of different isoforms present in diverse cellular compartments (in the
cytosol the isozymes CA 1, 11, IIT and VII:%' the isozyme CA IV is membrane
bound,?* whereas CA V is found in mitochondria?® and CA VI secreted into
the saliva®*) or tissues (CA 1 is very abundant in blood red cells;"® CAII is
also present in red blood cells, in lower concentration as compared to CA 1,
but is also very abundant in secretory tissues within the gastro-intestinal
tract, kidneys, pancreas, cerebrospinal fluid, eye;*®'> CAIII in the mus-
cle’® and CA1V in the plasma membranes, mainly in lungs, kidneys and
cilliary pocesses of the eye?>?®) makes this enzyme the target for designing
many types of drugs or diagnostic tools, based on such sulfonamide inhibi-
tors.?’ = Thus, in addition to their well-known action as diuretic or sys-
temic/topical antiglaucoma drugs, sulfonamides possessing CA inhibitory
properties which might be developed as diagnostic tools in positron emis-
sion tomography (PET) have recently been reported by this group,* as well
as some omeprazole-like compounds of type 3, which by activation in acidic
media are transformed into a potent sulfonamide CA inhibitor together
with an agent able to inactivate H*/K+-ATP-ase by reaction with cysteine
residues of this enzyme; in this way, the two key enzymes involved in gastric

acid secretion are both inactivated.?*!
SO,NH,
SO,NH \
RNH™ s 272 AcN7<S)\so2NH2
a:.R=MeCO
' b R=PhSO, 2 (CH,), NHSR
3
n=012
R = substituted-phenyl
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Compounds of type 3 mentioned above are sulfenamido-sulfonamides,
obtained by reaction of sulfenyl chlorides with amino-containing aromatic/
heterocyclic sulfonamides.®® Their interesting CA inhibitory properties, as
well as their potential use for novel types of pharmacological agents, promp-
ted us to extend the previous studies®® regarding the reaction of sulfenyl
halides with sulfonamides. Here we report the preparation of novel
compounds of type 3, obtained by reaction of sulfenyl chlorides with 11
amino-sulfonamides/bis-sulfonamides (compounds 4-14) and one imino-
sulfonamide 15. The obtained sulfenamido-sulfonamides 1626 and 2838,
as well as the sulfenimido-sulfonamides 27 and 39 were then oxidized to the
corresponding bis-sulfonamides 40-63 with potassium permanganate in
acetone. The new compounds reported here were characterized by standard
procedures, assayed in vitro as inhibitors of three CA isozymes, CA 1, I and
IV (the physiologically most relevant isozymes* ), and some of them were
studied in vivo for their possible topical intraocular pressure (IOP) lowering
properties. Interesting in vitro and in vivo activities were detected for some of
the compounds belonging to the above mentioned series of CA inhibitors.

MATERIALS AND METHODS

Melting points were determined with a heating plate microscope and are not
corrected. IR spectra were obtained from KBr pellets with a Perkin-Elmer
16PC FTIR spectrometer, whereas "H-NMR spectra were obtained with a
Varian 300CXP apparatus in solvents specified in each case. Chemical shifts
are expressed as é values relative to Me,Si as standard. Elemental analyses
were done by combustion for C, H, N with an automated Carlo Erba ana-
lyzer, and were + 0.4% of the theoretical values.

Sulfonamides 4, 12, 13, sulfanilamide, acetazolamide and methazolamide
used in synthesis were commercially available (from Sigma, Acros or Aldrich).
4-Hydrazino-benzenesulfonamide 5 was prepared by diazotization of sulfa-
nilamide followed by reduction of the diazonium salt with tin(II) chloride®
Halogeno/dihalogeno-sulfanilamides 611 were prepared by halogenation
of sulfanilamide as reported in the literature.” Compound 14 was obtained
from 5-amino-1,3.4-thiadiazole-2-sulfonamide (from acetazolamide)34 by
acylation with the phthalimido-derivative of f-alanine, followed by hydra-
zinolysis,* and the imine 15 by deprotection of methazolamide with con-
centrated hydrochloric acid.*® 2-Nitrobenzenesulfenyl chloride and
triethylamine were from Acros, 4-nitrobenzenesulfenyl chloride from
Aldrich. Acetonitrile (Merck) used as solvent in the synthesis was doubly
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distilled and kept on molecular sieves in order to maintain it in anhydrous
conditions. Acetone and potassium permanganate were from Merck.

Human CA I and CAII cDNAs were expressed in Escherichia coli strain
BL2I (DE3) from the plasmids pACA/HCAI and pACA/HCAII as
described by Forsman et al.*® (the two plasmids were a gift from Prof. Sven
Lindskog, Umea University, Sweden). Cell growth conditions were those
described by Lindskog’s group,>’ and enzymes were purified by affinity
chromatography according to the method of Khalifah et a/.*® Enzyme con-
centrations were determined spectrophotometrically at 280 nm, utilizing
a molar absorptivity of 49mM 'cm™' for CAI and 54 mM 'em™! for
CAI1I, respectively, based on M, =28.85kDa for CA I, and 29.30 kDa for
CA 11, respectively.>** CA IV was isolated from bovine lung microsomes as
described by Maren ez al.,*' and its concentration determined by titration
with ethoxzolamide.

Initial rates of 4-nitrophenyl acetate hydrolysis at 25°C catalyzed by dif-
ferent CA isozymes were monitored spectrophotometrically, at 400 nm with
a Cary 3 instrument interfaced with an IBM compatible PC.** Solutions of
substrate (2 x 1072-1 x 107% M), were prepared in anhydrous acetonitrile. A
molar absorption coefficient € of 18,400 M ' cm ™' was used for the 4-nitro-
phenolate ion, formed by hydrolysis under the conditions of the experiments
(pH 7.40), as reported in the literature.*> Non-enzymatic hydrolysis rates
were always subtracted from the observed rates. Duplicate experiments were
conducted for each inhibitor concentration, and the values reported
throughout the paper are the mean of such results. Stock solutions of inhi-
bitor (1 mM) were prepared in distilled—deionized water with 10-20% (v/v)
DMSO (which is not inhibitory at these concentrations* ) and dilutions up
to 0.01 nM were done thereafter with distilled—deionized water. Inhibitor
and enzyme solutions were preincubated together for 10 min at room tem-
perature prior to assay, in order to allow for the formation of the E-1 com-
plex. The inhibition constant K was determined as described by Pocker and
Stone.*? Enzyme concentrations were 3.3 nM for hCA 11, 10nM for hCA 1
and 34nM for bCA IV (this isozyme has a decreased esterase activity® and
higher concentrations had to be used for the measurements).

Measurements of Tonometric IOP

Adult male New Zealand albino rabbits weighing 2—3 kg were used in the
experiments, three animals being used for each inhibitor studied. The experi-
mental procedures conform to the requirements of the Association for
Research in Vision and Ophthalmology Resolution on the use of animals.
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The rabbits were kept in individual cages with food and water provided
ad libitum. The animals were maintained on a 12 h/12 h light/dark cycle in a
temperature controlled room, at 22-26°C. Solutions of inhibitors (2%, by
weight) were obtained in DMSO-water (2:3, v/v) due to the lower water
solubility of some of these derivatives. Control experiments with DMSO, at
the same concentration as that used for obtaining the inhibitor solutions,
showed that it does not possess IOP lowering or increasing effects.

IOP was measured using a Digilab 30R pneumatonometer (BioRad,
Cambridge, MA, USA) as described by Maren’s group.** ¢ The pressure
readings were matched with two-point standard pressure measurements at
least twice each day using a Digilab Calibration verifier. All [OP measure-
ments were done by the same investigator with the same tonometer. One
drop of 0.2% oxybuprocaine hydrochloride (novesine, Sandoz) diluted 1:1
with saline was instilled in each eye immediately before each set of pressure
measurements. IOP was measured three times at each time interval, and the
means reported. IOP was measured first immediately before drug adminis-
tration, then at 30 min after the instillation of the pharmacological agent,
and then each 30 min for a period of several hours. For all IOP experiments
drug was administered to only one eye, leaving the contralateral eye as an
untreated control. The ocular hypotensive activity is expressed as the average
difference in IOP between the treated and control eye, in this way minimizing
the diurnal, seasonal and interindividual variations commonly observed in
the rabbit.**~4¢ All data are expressed as mean + SE, using a one-tailed #-test.

General Procedure for the Preparation of Compounds 16-39

One mM of sulfonamide 4-15 was dissolved/suspended in 50 mL of anhy-
drous acetonitrile or acetone and 147 uL (1.0mM) of triethylamine were
added dropwise. The reaction mixture was magnetically stirred at room tem-
perature for 15min, then 189 mg (1.0mM) of 2- or 4-nitrobenzenesulfenyl
chloride dissolved in 3mL of anhydrous acetonitrile were added dropwise
for a period of 30 min. The reaction mixture was stirred at room temperature
for 3 h, when thin layer chromatography showed that the reaction was com-
plete. After half of the solvent has been evaporated in vacuo, the reaction
mixture was poured into 20 mL of cold water. The precipitated product was
filtered and recrystallized from ethanol. Yields were in the range of 62—-80%.

General Procedure for the Preparation of Compounds 40-63

One mM of sulfenamido-sulfonamide 16-39 was dissolved in 10mL of
acetone and an amount of saturated potassium permanganate solution in
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acetone was added so as to ensure a small excess (in this case 1.1 mM) of
oxidizing agent over the sulfenamide. The permanganate solution was
obtained by stirring overnight an excess of solid KMnQy, in acetone, and
then filtration of the excess permanganate and precipitated MnQ,; the
amount of permanganate contained was then determined by titration with a
standardized oxalic acid solution. This reaction mixture was stirred at room
temperature for 1 h. The excess potassium permanganate was then destroyed
by adding a small amount of oxalic acid, the brown precipitate formed was
filtered and discarded, and the clear acetone solution containing the sulfo-
nylamido-sulfonamide 40-63 evaporated in vacuo. The obtained residue
was recrystallized from ethanol-water or methanol-water. Yields were in
the range of 35-69%.

2-(2-Nitrobenzenesulfenylamido )-benzenesulfonamide 16

As yellow-orange crystals, m.p. 133—-4°C, IR (KBr), cm™': 885, 956, 1090
and 1250 (NOy), 1152 (SO3™), 1310 (SO%*), 3270 and 3400 (NH and NH,);
'H-NMR (DMSO-dg), 6, ppm: 5.12 (br s, 1H, NH); 6.54 (br s, 2H, NH,);
7.01-7.62 (m, 8H, ArH from the two ortho-substituted phenylene moieties).
Found: C: 44.1; H, 3.2; N, 12.8%. C,,H;N30,S, requires: C, 44.3; H, 3.4,
N, 12.9%.

4-(2-Nitrobenzenesulfenylhydrazido )-benzenesulfonamide 17

As yellow crystals, m.p. 212-4°C, IR (KBr), cm™": 739, 980 (N-N), 1040,
1085 and 1250 (NO,), 1170 (SO3™), 1339 (SO%*), 3280 and 3400 (NH and
NH,); '"H-NMR (DMSO-dg), 8, ppm: 5.48 (br s, 2H, NHNH); 6.57 (br s,
2H, NH;); 7.08 (m, 4H AA'BB’, ArH from 1,4-phenylene); 7.05-7.73
(m, 4H, Ar H from ortho-substituted phenylene). Found: C: 44.2; H, 3.5;
N, 14.5%. C|,H|2N4O4S; requires: C, 44.3; H, 3.4; N, 14.7%.

3-Fluoro-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 18

As orange-yellow crystals, m.p. 202-3°C, IR (KBr), cm™': 654, 749, 912,
1046, 1085 and 1250 (NO,), 1151 (SOF™), 1337 (SO%), 1420, 3180 (NH),
3300 (NH,); "H-NMR (DMSO-dg), 6, ppm: 5.58 (br s, 1H, NH); 6.60 (br s,
2H, SO;NH,); 7.05-7.89 (m, 7H, ArH from ortho-substituted phenyle-
ne + ArH from the F-substituted ring). Found: C, 42.5; H, 3.0; N, 14.3%.
Ci2H oFN304S; requires: C,42.1; H, 3.2; N, 14.3%.

3-Chloro-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 19

As orange-yellow crystals, m.p. 225-7°C, IR (KBr), cm™': 648, 836, 951,
1040, 1085 and 1250 (NO,), 1151 (SOZym), 1330 (SO%*), 1420, 3180 (NH),
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3300 (NH,); 'H-NMR (DMSO-dg), &, ppm: 5.68 (br s, 1H, NH); 6.60 (br s,
2H, SO;NH,); 7.05-7.86 (m, 7H, ArH from ortho-substituted phenyl-
ene + ArH from the Cl-substituted ring). Found: C, 41.2; H, 3.0; N, 14.0%.
C2H(CIN30,4S; requires: C,41.1; H, 3.1; N, 14.0%.

3-Bromo-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 20

As orange-yellow crystals, m.p. 237-8°C, IR (KBr), cm™': 712, 849, 925,
1040, 1080 and 1250 (NO,), 1159 (SO?™), 1352 (SO%*), 3180 (NH), 3340
(NH,); 'TH-NMR (DMSO-dg), §, ppm: 5.52 (br s, 1H, NH); 6.61 (br s, 2H,
SO,NH,); 7.05-7.92 (m, 7H, ArH from ortho-substituted phenylene + ArH
from the Br-substituted ring). Found: C, 38.6; H, 3.0; N, 13.0%.
C3H ¢BrN;O,8; requires: C, 38.7; H, 2.9; N, 13.1%.

3,5-Dichloro-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 21

As orange-yellow crystals, m.p. 244-5°C, IR (KBr), cm™': 630, 745, 909,
1046, 1085 and 1250 (NO,), 1158 (SOY™), 1360 (SO%*), 3180 (NH), 3330
(NH,); '"H-NMR (DMSO-dg), 6, ppm: 5.60 (br s, |H, NH); 6.60 (br s, 2H,
SO,;NH,); 7.05-7.75 (m, 6H, ArH from ortho-substituted phenylene + ArH
from dichlorosubstituted phenyl). Found: C, 39.5; H, 2.7; N, 13.3%.
C5HoC1;N304S, requires: C, 39.2; H, 2.8; N, 13.3%.

3,5-Dibromo-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 22

As yellow crystals, m.p. 219-21°C, IR (KBr), cm™": 678, 884, 925, 1042,
1085 and 1250 (NO,), 1155 (SOY™), 1362 (SO%*), 3180 (NH), 3350 (NH,);
'H-NMR (DMSO-d,), 6, ppm: 5.52 (br s, 1H, NH); 6.61 (br s, 2H,
SO,;NH;); 7.05-7.79 (m, 6H, ArH from ortho-substituted phenylene + ArH
from dibromosubstituted phenyl). Found: C, 35.1; H, 2.7; N, 11.7%.
C>2HyBraN30,S, requires: C, 35.0; H, 2.5; N, 11.9%.

3,5-Diiodo-4-( 2-nitrobenzenesulfenylamido )-benzenesulfonamide 23

As yellow crystals, m.p. 266-7°C (dec.), IR (KBr), cm™ 635, 704, 935,
1047, 1085 and 1250 (NO,), 1158 (SO3™), 1376 (SO3*), 1450, 3160 (NH),
3300 (NH,); '"H-NMR (DMSO-dy), 6, ppm: 5.63 (br s, IH, NH); 6.54 (br s,
2H, SO-NH,); 7.05-7.86 (m, 6H, ArH from ortho-substituted phenyl-
enc+ ArH from diiodosubstituted phenyl). Found: C, 31.1; H, 2.3;
N, 10.7%. C>3HyI,N;0,S, requires: C, 31.4; H, 2.3; N, 10.7%.

6-Chloro-4-( 2-nitrobenzenesulfenylamido )-1,3-benzenedisulfonamide 24

As yellow crystals, m.p. 240-2°C, IR (KBr), em™': 657, 750, 778, 875, 945,
1060, 1085 and 1250 (NO»), 1153 (SO;ym), 1346 (SO5%), 1446, 3165 (NH),
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3300 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 5.70 (br s, 1H, NH); 7.05-7.49
(m, 4H, ArH from ortho-substituted phenylene); 7.40 (s, 1H, ArH); 7.57
(s, IH, ArH), 7.65 (br s, 4H, 2 SO,NH>). Found: C, 39.4; H, 2.8; N, 13.9%.
C,HCIN4OgS; requires: C, 39.1; H, 3.1; N, 13.9%.

4,5-Dichloro-6-( 2-nitrobenzenesulfenylamido )-1,3-benzenedisulfonamide 25

As yellow crystals, m.p. 250-1°C, IR (KBr), cm™': 624, 680, 754, 858, 952,
1085 and 1250 (NO,), 1145 (SO™), 1380 (SO%), 3170 (NH), 3300 (NH>);
"H-NMR (DMSO-dg), 6, ppm: 5.62 (br s, |H, NH); 7.05-7.49 (m, 4H, ArH
from ortho-substituted phenylene); 7.54 (s, 1H, ArH); 7.68 (br s, 4H,
2 SO,NH,). Found: C, 37.8; H, 2.8; N, 13.1%. C;,H (ClLN4O¢S; requires:
C,37.9;H,29; N, 13.5%.

5-(2-Nitrobenzenesulfenylamidoethylcarboxamido )-1,3 ,4-thiadiazole-
2-sulfonamide 26

As yellow crystals, m.p. 239-41°C (dec.), IR (KBr), cm™": 631, 715, 970,
1030, 1085 and 1250 (NO,), 1180 (SOF™), 1320 (SO%*), 1490, 1540, 1740
(CONH), 3280 and 3390 (NH and NH,); '"H-NMR (DMSO-dy), é, ppm:
2.25-2.63 (m, 4H, CH,CH,); 5.08 (br s, |H, SNH); 6.80 (br s, 3H, CONH +
SO,NH,); 7.13-7.75 (m, 4H, ArH from ortho-substituted phenyl).
Found: C, 38.2; H, 2.9; N, 15.7%. C,H,N¢OsS; requires: C, 38.2; H, 3.2;
N, 16.1%.

5-(2-Nitrobenzenesulfenylimido )-4-methyl-2-sulfonamide-
&*-1,3 ,4-thiadiazoline 27

As yellow crystals, m.p. 201-3°C, IR (KBr), cm™': 875, 973, 1085 and 1250
(NO), 1130 (SOF™), 1379 (SO¥), 1416, 1590, 3069 (NH>); 'H-NMR
(DMSO-dg), 6, ppm: 3.90 (s, 3H, N-Me); 7.20-7.61 (m, 4H, ArH); 8.15
(br s, 2H, SO,;NH,). Found: C, 37.2; H, 2.9; N, 16.7%. CoH¢N;0,S;
requires: C, 36.9; H, 3.1; N, 16.9%.

2-(4-Nitrobenzenesulfenylamido )-benzenesulfonamide 28

As pale yellow crystals, m.p. 181-3°C, IR (KBr), cm™": 851, 969, 1093
and 1250 (NOy), 1127 (SOJ™), 1313 (SO%), 3260 and 3400 (NH and
NH,); 'H-NMR (DMSO-d¢), 6, ppm: 5.11 (br s, IH, NH); 6.50
(br s, 2H, NH,); 7.00-7.45 (m, 4H, ArH from the ortho-substituted
phenylene); 7.15 (m, 4H, AA'BB’, ArH from p-nitro-phenylene). Found:
C, 44.4; H, 3.3; N, 12.5%. C\;H{;N30,4S, requires: C, 44.3; H, 3.3; N,
12.9%.
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4-(4-Nitrobenzenesulfenylhydrazido )-benzenesulfonamide 29

As yellow crystals, m.p. 223-4°C, IR (KBr), cm™": 694, 980 (N-N), 1045,
1082 and 1250 (NO,), 1162 (SOF™), 1344 (SO%*), 3260 and 3400 (NH and
NH>); 'H-NMR (DMSO-dg), &, ppm: 5.42 (br s, 2H, NHNH); 6.68 (br s,
2H, NH,); 7.08 (m, 4H, AA’BB’, ArH from 1,4-phenylene); 7.15 (m, 4H,
AA’BB’, ArH from p-nitro-phenylene). Found: C, 44.0; H, 3.4; N, 14.6%.
C2H|5-N4O,4S5 requires: C, 44.3; H, 3.4; N, 14.7%.

3-Fluoro-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 30

As pale yellow crystals, m.p. 223-5°C, IR (KBr), cm™': 698, 880, 929, 1041,
1085 and 1250 (NO»), 1150 (SO3™), 1345 (SO3), 1460, 3180 (NH), 3330
(NH,); 'H-NMR (DMSO-dy), 6, ppm: 5.81 (br s, 1H, NH); 6.69 (br s, 2H,
SO,NH,); 7.15 (m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.45-7.93
(m, 3H, ArH). Found: C, 42.1; H, 3.3; N, 14.2%. C,>HgFN304S; requires:
C,42.1; H, 3.2; N, 14.3%.

3-Chloro-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 31

As pale yellow crystals, m.p. 210-3°C, IR (KBr), cm™': 780, 854, 912, 1046,
1085 and 1250 (NO,), 1145 (SO3™), 1350 (SO%%), 3180 (NH), 3330 (NH,);
'H-NMR (DMSO-dg), 6, ppm: 5.61 (br s, 1H, NH); 6.60 (br s, 2H,
SO,NH,); 7.15 (m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.25-7.91
(m, 3H, ArH). Found: C, 41.0; H, 3.4; N, 14.0%. C,,H (CIN;0,4S, requires:
C,41.1; H, 3.1; N, 14.0%.

3-Bromo-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 32

As pale yellow crystals, m.p. 237-9°C, IR (KBr), cm™': 651, 843, 957, 1084
and 1250 (NO»), 1150 (SO™), 1346 (SO%*), 3180 (NH), 3360 (NH,); 'H-
NMR (DMSO-dg), 8, ppm: 5.52 (br s, IH, NH); 6.61 (br s, 2H, SO,NH,);
7.15 (m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.30-7.87 (m, 3H,
ArH). Found: C, 38.9; H, 3.0; N, 13.1%. C,,H oBrN;0,4S; requires: C, 38.7;
H,2.9:N, 13.1%.

3,5-Dichloro-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 33

As yellow crystals, m.p. 250-3°C, IR (KBr), cm™": 680, 854, 917, 1041, 1082
and 1254 (NO»), 1171 (SOY™), 1360 (SO%), 3160 (NH), 3300 (NH,); 'H-
NMR (DMSO-dy), 8, ppm: 5.61 (br s, 1H, NH); 6.60 (br s, 2H, SO,NH,);
7.15 (m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.45 (s, 2H, ArH).
Found: C, 39.5; H, 2.7; N, 13.3%. C3HyCI.N304S, requires: C, 39.2;
H, 2.8; N, 13.3%.
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3,5-Dibromo-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 34

As yellow crystals, m.p. 234-6°C, IR (KBr), cm~': 745, 828, 1029, 1087 and
1255 (NOy), 1150 (SO™), 1371 (SO%%), 3170 (NH), 3330 (NH,); '"H-NMR
(DMSO-dg), 8, ppm: 5.70 (br s, 1H, NH); 6.61 (br s, 2H, SO,NH,); 7.15
(m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.45 (s, 2H, ArH). Found:
C,35.0;H,2.8; N, 11.5%.Cy,HgBr;N304S, requires: C, 35.0; H, 2.5; N, 11.9%.

3,5-Diiodo-4-(4-nitrobenzenesulfenylamido )-benzenesulfonamide 35

As yellow crystals, m.p. 266—7°C (dec.), IR (KBr), cm™': 697, 755, 881, 939,
1040, 1081 and 1250 (NOy), 1145 (SO3™), 1380 (SO5*), 1450, 3175 (NH),
3340 (NH,); '"H-NMR (DMSO-dg), 6, ppm: 5.62 (br s, 1H, NH): 6.61 (br s,
2H, SO,NH,); 7.15 (m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.49
(s, 2H, ArH). Found: C, 31.5; H, 2.3; N, 10.4%. C;HgI,N30,S, requires:
C,31.4;H,2.3; N, 10.7%.

6-Chloro-4-(4-nitrobenzenesulfenylamido )-1,3-benzenedisulfonamide 36

As pale yellow crystals, m.p. 246-8°C, IR (KBr), cm™": 652, 839, 897, 1018,
1085 and 1250 (NO,), 1159 (SOJ™), 1340 (SO%), 1449, 3165 (NH), 3300
(NH,); 'H-NMR (DMSO-dg), 6, ppm: 5.74 (br s, 1H, NH); 7.15 (m, 4H,
AA’BB’, ArH from p-nitro-phenylene); 7.40 (s, 1H, ArH); 7.50 (s, 1H,
ArH); 7.59 (br s, 4H, 2 SO,NH,). Found: C, 39.3; H, 2.9; N, 13.9%.
C2H, | CIN4O¢S; requires: C, 39.1; H, 3.1; N, 13.9%.

4,5-Dichloro-6-(4-nitrobenzenesulfenylamido )-
1,3-benzenedisulfonamide 37

As pale yellow crystals, m.p. 235-6°C, IR (KBr), em™': 728, 839, 1061, 1080
and 1250 (NOy), 1135 (SO7™), 1382 (SO5°), 3160 (NH), 3300 (NH,); 'H-
NMR (DMSO-dy), 6, ppm: 5.67 (br s, 1H, NH); 7.15 (m, 4H, AA’BB’, ArH
from p-nitro-phenylene); 7.50 (s, 1H, ArH); 7.60 (br s, 4H, 2 SO,NH,).
Found: C, 37.6; H, 2.9; N, 13.3%. C;,H,,Cl,N;0¢S; requires: C, 37.9;
H,2.9; N, 13.5%.

5-(4-Nitrobenzenesulfenylamidoethylcarboxamido )-
1,3 ,4-thiadiazole-2-sulfonamide 38

As pale yellow crystals, m.p. 225-6°C (dec.), IR (KBr), cm™': 639, 844, 975,
1020, 1083 and 1250 (NOy), 1180 (SOF™), 1320 (SO3°), 1484, 1540, 1740
(CONH), 3280 and 3390 (NH and NH,); 'H-NMR (DMSO-dq), 8,
ppm: 2.25-2.66 (m, 4H, CH,CH,); 5.12 (br s, 1H, SNH); 6.85 (br s, 3H,
CONH + SO);NH,); 7.15 (m, 4H, AA’BB’, ArH from p-substituted
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phenylene). Found: C, 38.1; H, 3.3; N, 15.9%. C,,H,3N¢OsS; requires: C,
38.2; H,3.2; N, 16.1%.

5-(4-Nitrobenzenesulfenylamido )-4-methyl-2-sulfonamido-
6%-1,3 4-thiadiazoline 39

As pale yellow crystals, m.p. 206-7°C (dec.), IR (KBr), cm™": 620, 686, 839,
1085 and 1250 (NO»), 1175 (SOF™), 1361 (SO%*), 1426, 1595, 3067 (NH and
NH,); 'H-NMR (DMSO-dg), 6, ppm: 3.90 (s, 3H, N-Me); 7.20-7.60
(m, 4H, AA'BB’, ArH); 8.18 (br s, 2H, SO,NH,). Found: C, 37.0; H, 2.8;
N, 16.8%. CoHgNsO4S; requires: C, 36.9; H, 3.1; N, 16.9%.

2-(2-Nitrobenzenesulfonylamido )-benzenesulfonamide 40

As yellow crystals, m.p. 179-81°C, IR (KBr), cm~': 853, 906, 1090 and 1250
(NO,), 1148 and 1154 (SO?™), 1310 and 1364 (SO%®), 3270 and 3400 (NH
and NH,); '"H-NMR (DMSO-d,), 6, ppm: 6.90 (br s, 2H, NH,); 7.01-7.69
(m, 8H, ArH from the two ortho-substituted phenylene moieties); 8.29 (br s,
1H, NH). Found: C, 40.2; H, 3.0; N, 11.6%. C;5H|N3O¢S, requires:
C,40.3; H, 3.0; N, 11.7%.

4-(2-Nitrobenzenesulfonylhydrazido )-benzenesulfonamide 41

As yellow crystals, m.p. 229-31°C, IR (KBr), cm': 787, 983 (N-N), 1054,
1085 and 1250 (NO,), 1125 and 1170 (SO3™), 1339 and 1368 (SO%), 3290
and 3400 (NH and NH,): 'H-NMR (DMSO-d,), 6, ppm: 6.97 (br s, 2H,
NH,); 7.08 (m, 4H, AA’BB’, ArH from 1,4-phenylene); 7.05-7.73 (m, 4H,
ArH from ortho-substituted phenylene); 8.08 (br s, 2H, NHNH). Found:
C,36.2; H,3.1; N, 16.5%. C{2H2N40¢S; requires: C, 36.2; H, 3.0; N, 16.6%.

3-Fluoro-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 42

As yellow crystals, m.p. 235-6°C, IR (KBr), cm™': 690, 783, 927, 1026, 1079
and 1253 (NO»), 1128 and 1151 (SO37™), 1337 and 1370 (SO¥*), 1490, 3180
(NH), 3300 (NH,); 'H-NMR (DMSO-dy). 6, ppm: 6.85 (br s, 2H, SO,NH,);
7.05-7.83 (m, 7H, ArH from ortho-substituted phenylene + ArH from the
F-substituted ring); 8.15 (br s, 1H, NH). Found: C, 35.5; H, 3.0; N, 15.9%.
C>-H oFN;O4S, requires: C, 35.3; H, 2.9; N, 16.1%.

3-Chloro-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 43

As yellow crystals, m.p. 244-5°C, IR (KBr), em™': 723, 869, 919, 1040, 1085
and 1254 (NO>), 1132 and 1155 (SO3'™), 1330 and 1368 (SO%*), 1440, 3180
(NH), 3300 (NH,); '"H-NMR (DMSO-d). 6, ppm: 6.83 (br s, 2H, SO,NH,);

RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/17/11
For personal use only.

430 A. SCOZZAFAVA AND C.T. SUPURAN

7.05~7.89 (m, 7H, ArH from ortho-substituted phenylene + ArH from the
Cl-substituted ring); 8.18 (br s, 1H, NH). Found: C, 35.1; H, 3.0; N, 16.0%.
C,HoCIN;O¢S; requires: C, 35.0; H, 2.9; N, 16.0%.

3-Bromo-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 44

As yellow crystals, m.p. 252-3°C, IR (KBr), cm™': 738, 872, 954, 1044, 1080
and 1250 (NO,), 1127 and 1155 (SOJ™), 1352 and 1374 (SO%*), 3180 (NH),
3340 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.84 (br s, 2H, SO,NH,); 7.05—
7.92 (m, 7TH, ArH from ortho-substituted phenylene + ArH from the Br-
substituted ring); 8.12 (br s, 1H, NH). Found: C, 34.3; H, 3.0; N, 15.3%.
C,HoBrN;O¢S; requires: C, 34.2; H, 2.8; N, 15.6%.

3,5-Dichloro-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 45

As yellow crystals, m.p. 249-51°C, IR (KBr), cm™': 685, 759, 946, 1040,
1082 and 1250 (NO,), 1130 and 1158 (SO3™), 1360 and 1379 (SO%*), 3180
(NH), 3330 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.92 (br s, 2H, SO,NH.,);
7.05-7.79 (m, 6H, ArH from ortho-substituted phenylene +ArH from
dichlorosubstituted phenyl); 8.16 (br s, 1H, NH). Found: C, 34.3; H, 2.7,
N, 15.3%. C;,HoCl,N30¢S, requires: C, 34.4; H, 2.7; N, 15.7%.

3,5-Dibromo-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 46

As yellow crystals, m.p. 252-4°C, IR (KBr), cm™': 653, 749, 951, 1040, 1085
and 1250 (NOy), 1126 and 1155 (SO3'™), 1362 and 1378 (SO%°), 3180 (NH),
3350 (NH,); 'H-NMR (DMSO-dg), §, ppm: 6.91 (br s, 2H, SO,NH,); 7.05-
7.76 (m, 6H, ArH from ortho-substituted phenylene + ArH from dibromo-
substituted phenyl); 8.21 (br s, IH, NH). Found: C, 33.1; H, 2.5; N, 14.7%.
C,HgBr,N;O¢S; requires: C, 32.9; H, 2.6; N, 15.0%.

3,5-Diiodo-4-( 2-nitrobenzenesulfonylamido )-benzenesulfonamide 47

As yellow crystals, m.p. 275-7°C (dec.), IR (KBr), cm™': 651, 702, 869,
1040, 1085 and 1250 (NO,), 1131 and 1158 (SO3'™), 1376 (SO%"), 1450, 3180
(NH), 3300 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.88 (br s, 2H, SO,NH,);
7.05-7.89 (m, 6H, ArH from ortho-substituted phenylene + ArH from
diiodosubstituted phenyl); 8.13 (br s, 1H, NH). Found: C, 31.3; H, 2.3;
N, 14.4%. C,,HI,N306S, requires: C, 31.4; H, 2.5; N, 14.4%.

6-Chloro-4-( 2-nitrobenzenesulfonylamido )-1,3-benzenesulfonamide 48

As yellow crystals, m.p. 248-9°C, IR (KBr), cm™ ! 625, 736, 789, 851, 1050,
1085 and 1250 (NO,), 1129 and 1153 (SO;Y'"), 1346 and 1375 (SO%°), 1450,
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3170 (NH), 3300 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 7.05-7.46 (m, 4H,
ArH from ortho-substituted phenylene);, 7.40 (s, 1H, ArH); 7.59 (s, IH,
ArH); 7.69 (br s. 4H, 2 SO,NH,); 8.17 (br s, 1H, NH). Found: C, 34.4;
H, 2.8; N, 15.5%. C;,H |, CIN4OgS; requires: C, 34.4; H, 2.8; N, 15.8%.

4,5-Dichloro-6-( 2-nitrobenzenesulfonylamido )-1,3-benzenesulfonamide 49

As yellow crystals, m.p. 281-3°C (dec.), IR (KBr), cm™': 641, 736, 883,
1085 and 1250 (NO,), 1126 and 1145 (SO3™), 1366 and 1380 (SO%*), 3170
(NH), 3300 (NH,); '"H-NMR (DMSO-d¢), 8, ppm: 7.05-7.49 (m, 4H, ArH
from ortho-substituted phenylene); 7.58 (s, 1H, ArH); 7.72 (br s, 4H, 2
SO,NH,); 8.12 (br s, IH, NH). Found: C, 33.8; H, 2.8; N, 154%.
C,H,,CI,N4O4S; requires: C, 33.8; H, 2.7; N, 15.5%.

5-(2-Nitrobenzenesulfonylamidoethylcarboxamido )-
1,3 4-thiadiazole-2-sulfonamide 50

As yellow crystals, m.p. 255-7°C (dec.), IR (KBr), cm™': 719, 822, 953,
1030, 1085 and 1250 (NOy), 1132 and 1180 (SO3™), 1320 and 1369 (SO%°),
1490, 1540, 1740 (CONH), 3280 and 3390 (NH and NH,); '"H-NMR
(DMSO-dg), 6, ppm: 2.25-2.66 (m, 4H, CH,CH,); 6.84 (br s, 3H, CONH +
SO,NH,); 7.13-7.70 (m, 4H, ArH from ortho-substituted phenyl); 8.09
(br s, 1H, SO,NH). Found: C, 34.2; H, 2.8; N, 15.7%. C;2H;3N40-S;
requires: C, 34.5; H, 2.9; N, 15.8%.

5-(2-Nitrobenzenesulfonylamido )-4-methyl-2-sulfonamide-
61,3 4-thiadiazoline 51

As pale yellow crystals, m.p. 231-3°C, IR (KBr), cm™': 640, 745, 871, 933,
1133, 1170, 1286, 1364, 1416, 1590, 3063; '"H-NMR (DMSO-dg), &, ppm:
3.89 (s, 3H, N-Me); 7.20-7.61 (m, 4H, ArH); 8.20 (br s, 2H, SO,NH,).
Found: C, 33.8; H, 3.1; N, 15.4%. CgH¢NsO4S; requires: C, 33.9; H, 2.8;
N, 15.5%.

2-(4-Nitrobenzenesulfonylamido )-benzenesulfonamide 52

As yellow crystals, m.p. 232-3°C, IR (KBr), em b 650, 823, 969, 1079
and 1250 (NO,), 1124 and 1139 (SO?™), 1313 and 1366 (SO%), 3260
and 3400 (NH and NH>); '"H-NMR (DMSO-d), 6, ppm: 6.86 (br s, 2H,
NH»,); 7.00-7.45 (m, 4H, ArH) from the ortho-substituted phenylene); 7.15
(m, 4H, AA'BB’, ArH from p-nitro-phenylene); 8.11 (br s, 1H, NH).
Found: C, 40.4; H, 3.1; N, 11.7%. C3H;;N;O¢S, requires: C, 40.3; H,
3.0; N, 11.7%.
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4-(4-Nitrobenzenesulfonylhydrazido )-benzenesulfonamide 53

As yellow crystals, m.p. 239-41°C, IR (KBr), cm™": 727, 980 (N—N),
1056, 1080 and 1250 (NOy), 1135 and 1162 (SOJ™), 1344 and 1381
(SO%°), 3260 and 3400 (NH and NH,); '"H-NMR (DMSO-dy), é, ppm: 6.97
(br s, 2H, NH,); 7.10 (m, 4H, AA’BB’, ArH from 1,4-phenylene); 7.15
(m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.92 (br s, 2H, NHNH).
Found: C, 36.0; H, 3.3; N, 16.4%. C;,H;N40¢S, requires: C, 36.2; H,
3.0; N, 16.6%.

3-Fluoro-4-( 4-nitrobenzenesulfonylamido )-benzenesulfonamide 54

As yellow crystals, m.p. 244-5°C, IR (KBr), cm™": 713, 809, 954, 1048, 1081
and 1250 (NO,), 1132 and 1150 (SO;ym), 1345 and 1382 (SO3°), 1460 and
3180 (NH), 3330 (NH,); '"H-NMR (DMSO-dg), 6, ppm: 6.91 (br s, 2H,
SO,NH,); 7.15 (m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.41-7.97
(m, 3H, ArH); 8.10 (br s, 1H, NH). Found: C, 35.3; H, 3.1; N, 15.8%.
C2H [ oFN;04S, requires: C, 35.3; H, 2.9; N, 16.1%.

3-Chloro-4-(4-nitrobenzenesulfonylamido )-benzenesulfonamide 55

As yellow crystals, m.p. 245-7°C, IR (KBr), cm ™ ': 638, 829, 920, 1041, 1085
and 1250 (NO,), 1135 and 1145 (SO™), 1350 and 1386 (SO%), 3180 (NH),
3335 (NH,); 'H-NMR (DMSO-dg), 8, ppm: 6.92 (br s, 2H, SO,NH,); 7.15
(m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.24-7.86 (m, 3H, ArH);
8.07 (br s, 1H, NH); Found: C, 35.0; H, 2.6; N, 15.9%. C,H;(CIN;O¢S;
requires: C, 35.0; H, 2.9; N, 16.0%.

3-Bromo-4-(4-nitrobenzenesulfonylamido )-benzenesulfonamide 56

As yellow crystals, m.p. 271-4°C (dec.), IR (KBr), cm™': 720, 836, 889,
1080 and 1250 (NO,), 1134 and 1150 (SOJ™), 1346 and 1380 (SO%), 3180
(NH), 3360 (NH,); 'TH-NMR (DMSO-dg), 6, ppm: 6.94 (br s, 2H, SO,NH,);
7.15 (m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.32-7.89 (m, 3H,
ArH); 8.12 (br s, 1H, NH); Found: C, 34.4; H, 2.9; N, 15.5%.
C,HoBrN;O¢S; requires: C, 34.2; H, 2.8; N, 15.6%.

3,5-Dichloro-4-(4-nitrobenzenesulfonylamido )-benzenesulfonamide 57

As yellow crystals, m.p. 285-7°C (dec.), IR (KBr), cm ™' 724, 840, 975,
1049, 1085 and 1250 (NO,), 1130 and 1171 (SO?™), 1360 and 1385 (SO%),
3160 (NH), 3300 (NH,); 'H-NMR (DMSO-d), 6, ppm: 6.89 (br s, 2H,
SO,NH,); 7.15 (m, 4H, AA’BB’, ArH from p-nitro-phenylene); 7.44 (s, 2H,
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ArH); 8.11 (br s, 1H, NH). Found: C, 34.4; H, 2.5; N, 15.5%.
C|2H9C12N30682 requires: C, 344, H, 27, N, 15.7%.

3,5-Dibromo-4-(4-nitrobenzenesulfonylamido )-benzenesulfonamide 58

As yellow crystals, m.p. 266—7°C, IR (KBr), em ' 689, 750, 1045, 1028 and
1250 (NOy), 1130 and 1150 (SO™), 1371 and 1386 (SO%*), 3160 (NH), 3330
(NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.94 (br s, 2H, SO,NH,); 7.15 (m,
4H, AA’BB’, ArH from p-nitro-phenylene); 7.46 (s, 2H, ArH); 8.13 (br s,
1H, NH). Found: C, 32.9; H, 2.5; N, 14.9%. C;;H¢BroN;04S; requires:
C, 329, H, 2.6; N, 15.0%.

3,5-Diiodo-4-(4-nitrobenzenesulfonylamido )-benzenesulfonamide 59

As yellow crystals, m.p. 279-80°C (dec.), IR (KBr), cm™': 721, 796, 850,
1040, 1080 and 1250 (NO,), 1129 and 1145 (SG3'™), 1370 and 1388 (SO%*),
1450, 3170 (NH), 3340 (NH,); 'H-NMR (DMSO-dy), 8, ppm: 6.84 (br s,
2H, SO,NH,); 7.15 (m, 4H, AA'BB’, ArH from p-nitro-phenylene); 7.46
(s, 2H, ArH); 8.14 (br s, 1H, NH). Found: C, 31.2; H, 2.5; N, 14.1%.
C>2HgI5N;04S, requires: C, 31.4; H, 2.5; N, 14.4%.

6-Chloro-4-(4-nitrobenzenesulfonylamido )-1,3-benzenedisulfonamide 60

As yellow crystals, m.p. 267-8°C (dec.), IR (KBr), cm™": 710, 805, 897,
1018, 1085 and 1250 (NOy), 1134 and 1159 (SO3™), 1340 and 1377 (SO%®),
3160 (NH), 3300 (NH,); 'H-NMR (DMSO-d¢), 6, ppm: 7.15 (m, 4H,
AA’BB’, ArH from p-nitro-phenylene); 7.44 (s, 1H, ArH); 7.53 (s, 1H,
ArH); 7.68 (br s, 4H, 2 SO,NH,); 8.08 (br s, 1H, NH). Found: C, 34.7;
H, 2.6; N, 15.8%. C,,H,,CIN4O4S; requires: C, 34.4; H, 2.8; N, 15.8%.

4,5-Dichloro-6-( 4-nitrobenzenesulfonylamido )-1,3-benzenedisulfonamide 61

As yellow crystals, m.p. 256-8°C, IR (K Br), cm™": 669, 895, 1046, 1080 and
1250 (NOy), 1129 and 1138 (SOY™), 1371 and 1386 (SO5°), 3160 (NH), 3300
(NH>); '"H-NMR (DMSO-dg), 6, ppm: 7.15 (m, 4H, AA’BB’, ArH from
p-nitro-phenylene); 7.50 (s, 1H, ArH); 7.62 (br s, 4H, 2 SO,NH,); 8.10 (br s,
IH, NH); Found: C, 33.6; H, 2.6; N, 15.4%. C;2H,(,Cl,N4O4S; requires:
C.33.8; H,2.7; N, 15.5%.

5-(4-Nitrobenzenesulfonylamidoethlycarboxamido )-
1,3 4-thiadiazole-2-sulfonamide 62

As yellow crystals, m.p. 269-71°C (dec.), IR (KBr), cm™": 771, 860, 971,
1085 and 1250 (NO»), 1132 and 1180 (SOZY"’), 1320 and 1378 (SO%*), 1540,

RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/17/11
For personal use only.

434 A. SCOZZAFAVA AND C.T. SUPURAN

1740 (CONH), 3280 and 3390 (NH and NH,); 'H-NMR (DMSO-dy), 6,
ppm: 2.25-2.68 (m, 4H, CH,CH,); 6.92 (br s, 3H, CONH + SO,NH,); 7.15
(m, 4H, AA'BB’, ArH from p-substituted phenylene); 8.10 (br s, 1H,
SO;NH). Found: C, 34.6; H, 2.7, N, 15.8%. C;;H;;N¢O-S; requires:
C,34.5;H,2.9; N, 15.8%.

5-(4-Nitrobenzenesulfonylamido )-4-methyl-2-sulfonamido-
21,3 4-thiadiazoline 63

As pale yellow crystals, m.p. 236-8°C (dec.), IR (KBr), cm™': 634, 697, 750,
815, 893, 1132, 1175, 1298, 1361, 1426, 1595, 3067; "H-NMR (DMSO-d,), 6,
ppm: 3.90 (s, 3H, N-Me); 7.50-8.02 (m, 4H, AA’BB’, ArH); 8.18 (br s, 2H,
SO,NH,). Found: C, 33.7; H, 3.0; N, 15.2%. C9gHgNsO¢S; requires: C, 33.9;
H, 2.8; N, 15.5%.

RESULTS AND DISCUSSION

Although arylsulfenyl halides such as 2-nitro- or 4-nitrobenzenesulfenyl
chlorides were extensively used as blocking reagents of amino groups in oligo-
peptide synthesis,*” *° their reaction with sulfonamides has only recently
been investigated by this group,?® when several sulfenamido-sulfonamides of
type 3, possessing interesting CA inhibitory properties have been obtained.
In this paper we report an extension of the previous work,? including more
derivatives in the study. Thus, diverse aromatic/heterocyclic sulfonamides
possessing amino/hydrazino/imino groups in their molecule were chosen in
order to obtain different structural variants that we considered important
for their influence upon the enzyme inhibitory properties of the new sulfen-
amido-sulfonamides. The compounds included in the study, which had been
scarcely investigated previously for their interaction with different CA
1sozymes, such as orthanilamide 4, 4-hydrazino-benzenesulfonamide 5,
different mono-/dihalogenated sulfanilamides of type 6-11, as well as
benzene-1,3-disulfonamide derivatives of type 12, 13 are shown below. The
two heterocyclic derivatives 14 and 15 included in the present study on the
other hand belong to a class of sulfonamides which have been investigated
much more, since two widely used clinical inhibitors, acetazolamide la and
methazolamide 2, respectively, are structurally related to them.

Thus, reaction of amino-/hydrazino-/imino-sulfonamides 4—15 with the
above mentioned sulfenyl chlorides by the procedure previously described?®
yielded the sulfenamido-sulfonamides 16-39. The latter compounds were
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then oxidized with potassium permanganate in acetone to the corresponding
bis-sulfonamides 40—63.

CA inhibition data with the obtained compounds and standard sulfona-
mide inhibitors are in Table 1.

As seen from the inhibition data, the sulfenylamido-sulfonamides 1639
and the bis-sulfonamides 40— 63 behave as stronger inhibitors against all three
investigated isozymes, as compared to the corresponding sulfonamides of
type 415 from which they were prepared. The efficiency generally increases
in the following direction: amino-/imino-sulfonamides < sulfenamido-sulfo-
namides < bis-sulfonamides, for a given starting amino-sulfonamide

RNHNH—@-‘SozNHZ

4 R=H S R=H

16: R = 2-0,N-CcH4S 17: R = 2-0;N-CsHaS
28 R = 4-02N-C6H4S 29 R= 4-02N-C(,H4S
40 R = 2-02N-C5H4SOZ 41: R = 2-02N-C(,H4$02
82:R= 4-02N-C(,H4S()2 83:R= 4-02N-C6H4802

SO,NH,
NHR
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SO,NH,

NHR

6 R-IEX=F

7 R=H X=Cl

8 R=H;X=Br

18 R = 2—02N-C(,H4S, X=F

19 R = 2-02N-C(,H48; X = C]
20. R = 2-0,;N-C,H4S: X =Br
30 R = 4-02N‘C()H.]S; X=F

31 R = 4-02N-C(,H4S, X = Cl
32 R = 4-0-N-CH4S: X =Br
42 R - 2-0;N-CH4SO2, X = F
43 R = 2-()2N'(‘.(,HJS(’)2; X= Cl
44 R - 2‘()2N-(‘(.H4SO7_, X =Br
34 R = 4-02N-C(,H4SOZ; X=F
55 R= 4-02N-C(,H4SOZ; X= Cl
56 R= 4-01N-Cg‘H4SO7_', X =Br

SO,NH,

X X
NHR

9:R=H;X=Cl

10 R=H; X=Br

11:R=H; X=1

21: R = 2-O;N-C¢H,S; X =ClI
22:R= 2-02N-C6H4S; X= Br
23: R = 2-O;N-CsHsS; X =11

33: R = 4-O;N-C(HsS; X =ClI
34 R= 4-02N-C6H45; X =Br
35:R= 4-02N-C6H4S; X=1

45. R = 2—02N-C5H4SOZ; X =Cl
46: R = 2-O;N-C¢H4SO;; X = Br
47 R = 2-02N-C5H4302; X=1
§7:R= 4-02N-C(,H4502; X=0a
58 R= 4-02N-C6H4502; X =Br
89:R= 4-02N-C(,H4502; X=1
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SO,NH,
Cl
SO,NH,
NHR
122R=H

24 R = 2-02N-C6H4S
36:R = 4-01N-C(,H4$
48: R = 2-O;N-C¢H4S50,
60 R = 4-02N—C6H_4802

SO,NH,
RNH
cl SO,NH,
o
13: R=H

25 R= 2-02N-C5H48
37. R = 4-O;N-C¢H.S
49: R = 2-02N-C6H4802
61: R = 4-0;N-C¢H4SO,

Me
B N
\
RNH((:HZ)ZCONH/ks)\sozNH2 RN S)\SOZNHZ

14 R=H 15:R=H

26: R = 2-O;N-CsHaS 27: R = 2-O;N-C¢H,S
38: R = 4-0;N-CcH,4S 39: R =4-0O,N-C¢H4S
S0: R = Z-OZN—C6H4502 S51:R= 2-02N-C5H4502
62 R= 4-02N-C6H4S02 63: R = 4-02N-C6H4302

and its corresponding derivatives. 4-Nitrophenyl-derivatives were generally
more active than the corresponding 2-nitrophenyl compounds, both for sul-
fenamides as well as bis-sulfonamides. The orthanilamide 4 as well as 4-
hydrazino-benzenesulfonamide S derivatives were generaily the least active
of the whole series of prepared inhibitors, with potencies comparable to
those of sulfanilamide (4-aminobenzenesulfonamide), the first compound
for which CA inhibitory properties were found.*® The presence of halogeno
atom(s) in the aromatic ring of the newly prepared sulfonamides increased
inhibitory power with the mono-substituted compounds generally more
active than the dihalogeno-sulfonamides. For the compounds derived from
9-11, inhibitory power increased from the dichloro- to the dibromo- deriva-
tives, but was slightly diminished for the di-iodo compounds (probably due
to steric hindrance caused by the two bulky iodine substituents). In the case
of the monohalogeno-compounds (derived from 6—8) the monofluoro- and
the monobromo-derivatives possessed similar inhibitory properties, and
were generally more active than the corresponding dichloro compounds
against all three investigated isozymes. For the benzene-1,3-disulfonamide
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TABLE 1 Biological activity data for sulfonamides prepared in the present study as

inhibitors of CA

Compound hCAT? ICso (nM) hCA 11* bCAIVP
1a (acetazolamide) 900 12 220
1b (benzolamide) 15 9 12
2 (methazolamide) 780 14 240
Sulfanilamide 2800 300 3000
4 4540 295 1310
5 7850 320 3215
6 830 60 180
7 980 110 320
8 650 40 66
9 1700 220 1200
10 1380 150 850
1n 1420 180 870
12 840 75 160
13 610 28 175
14 455 3 125
15 930 19 355
16 4110 230 1200
17 5330 260 1390
18 665 20 102
19 755 72 215
20 605 31 60
21 1450 194 670
22 1080 108 535
23 780 53 241
24 630 6l 113
25 505 17 32
26 325 0.8 6.6
27 880 0.7 5.3
28 3785 150 1120
29 5120 205 1140
30 585 17 87
31 695 69 64
32 590 28 55
33 1285 158 495
34 975 69 384
35 635 49 240
36 260 38 68
37 380 17 30
38 330 0.6 2.5
39 815 0.6 44
40 1680 117 395
41 1655 196 640
42 324 17 93
43 540 57 148
44 390 16 34
45 675 52 127
46 540 19 66
47 290 18 95
48 375 15 28
49 370 9 18
50 185 0.2 3.2
51 655 0.1 4.6
RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/17/11
For personal use only.

438 A. SCOZZAFAVA AND C.T. SUPURAN

TABLE 1 (Continued)

Compound hCAT? ICso (nM) hCA 117 hCATV®
52 1620 105 260
53 1395 160 550
54 237 16 84
55 535 54 129
56 375 10 26
57 620 17 95
58 370 I5 25
59 185 16 84
60 98 11 31
61 350 9 16
62 180 0.2 23
63 370 0.1 4.5

2Human (cloned) isozyme.

PIsolated from bovine lung microsomes.>®

ICsy is the mean of two different assays and represents the molarity of inhibitor producing a 50% decrease of
enzyme specific activity for the p-nitrophenyl acetate hydrolysis reaction.*?

derivatives 24, 25 and 36, 37, the most active were the pentasubstituted deri-
vatives (obtained from 13 as starting material) and not the tetrasubstituted
compounds (obtained from 12 as starting material), although the converse
might have been expected, due to steric hindrance reasons. Probably the
additional chlorine atom present in the compounds derived from 13 ensures
a further stabilization of the enzyme—inhibitor complex, in a similar manner
to dichlorophenamide 64 (3,4-dichloro-benzene-1,3-disulfonamide), a clini-
cally used diuretic possessing very strong CA inhibitory properties.®”’ Since
X-ray crystallographic data on adducts of CA with benzene-1,3-dis-
ulfonamide derivatives are not available at present, this result cannot be
rationalized in more detail. The most active inhibitors in the whole series
were those derived from the heterocyclic sulfonamides 14 and 15. Thus,
both the sulfenamido-sulfonamides as well as the bis-sulfonamides derived
from these two compounds were very strong inhibitors, with potencies 10—
12 times greater (against hCA Il and bCA IV) than those of the clinically
used inhibitors such as acetozolamide or methazolamide.

The susceptibility to inhibition of the three isozymes, investigated with
the compounds reported here was: hCA1 <« bCATV <hCAIl Thus, the
classical response of these isozymes was observed again, with hCA Il and
bCA IV being very susceptible to inhibition with these sulfonamides,
whereas hCA I was more resistant to this class of inhibitors.* 7

Since isozymes II and IV were shown to be critical in processes connected
with aqueous humor secretion within cilliary processes of the eye,*'* and

their inhibition represents an important antiglaucoma therapy,'** % some
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SO,NH, NHCH,CH(CH;),
| D—SO,NH,
cl SO,NH, >sg S
& 0’ "o
64 65

of the most active inhibitors obtained in the present study were investigated
for their capacity to act as topical IOP lowering agents (Table I1). The clini-
cally used topical sulfonamide dorzolamide'® 65 has also been included in
the study for comparison.

The following should be noted regarding the IOP lowering effects of the
investigated sulfonamides: (i) none of the parent sulfonamides 4-15 show
IOP lowering properties (data not shown, excepting for 14 which belongs to
a new class of less investigated CA inhibitors),*® (ii) among the investigated
compounds, the sulfenamido-sulfonamides (such as 26, 27, 38, 39) do show
important JOP lowering properties, in contrast to the corresponding bis-
sulfonamides (such as 50, 51, 62 and 63), which, although being stronger CA
inhibitors, show extremely modest IOP lowering effects, (iii) among the
detected topically active derivatives 27 and 39 show comparable activity
with dorzolamide at 30min after administration, but are better IOP
lowering agents at longer times after administration, and their effect seems

TABLE [l 1OP after treatment with one drop (50puL) of a 2% solution of CA inhibitor
directly into the rabbit eye, at 30, 60 and 90 min after administration. The clinically used
inhibitor dorzolamide was also included in the experiment

Inhibitor AIOP (mmHg)*

=0 t=30min =60 min =90 min
5 (dorzolamide) 0 2240.10 41+£0.15 2.7+£0.08
14 0 0 0 0
26 0 0 2.5+0.05 3.9+0.06
27 0 2.1+0.10 5.54+0.08 44+0.05
38 0 0 3.54+0.07 4.0+0.08
39 0 2.1+0.08 6.3+0.10 6.5+0.10
50 0 (] 0 0.6+0.05
51 0 0 0 0.9+0.10
62 0 0 0 0.5+0.04
63 0 0 0 0.9+0.07
*A1OP = 0P uiron eve = IOP reured eyes Mean + average spread (n = 3).
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to be prolonged where compared to that of dorzolamide (Table II). On the
other hand, the other two compounds, 26 and 38, had no effect at 30 min
after the administration, acted as less effective IOP lowering agents than
dorzolamide at one hour, but reached a lower pressure than the clinically
used agent at 90 min after administration. Thus, this is a nice example sup-
porting our opinion of how an extremely small structural variation in the
molecule of a CA inhibitor drastically changes biological activity. Practi-
cally, in this specific case, the presence of two additional oxygen atoms (in
the second sulfonamido moiety) of compounds 50, 51, 62 and 63 (as com-
pared to the parent sulfenamido-sulfonamides) completely abolishes the
IOP lowering properties of these compounds. It is difficult to explain this
result at the present time, but we consider that the oxidation of the sulfen-
amido moiety leads to compounds with a too large a hydrophilicity and a
diminished lipophilicity, whereas for the sulfenamido-sulfonamides the right
balance of these two parameters has been achieved, so that the penetrability
to the enzyme in the target organ (the cilliary processes) was assured.
Although the bis-sulfonamides were stronger inhibitors than the corre-
sponding sulfenamido-sulfonamides, the above-mentioned ‘defect’ in some
of their physico-chemical properties completely impairs their ability to act
topically as IOP lowering agents.
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