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Reaction of twenty aromatic/heterocyclic sulfonamides containing a free amino, imino, hydra-
zino or hydroxyl group, with tosyl isocyanate or 3,4-dichlorophenyl isocyanate afforded two
series of derivatives containing arylsulfonylureido or diarylureido moieties in their molecule
respectively. The new derivatives were assayed as inhibitors of three carbonic anhydrase (CA)
isozymes, CA I, II (cytosolic forms) and IV (membrane-bound form). Potent inhibition was
observed against all three isozymes but especially against CA I, which is generally 10-75 times
less susceptible to inhibition by the classical sulfonamides in clinical use as compared to the
other major red cell isozyme, CA II, or the membrane-bound one, CA IV. The derivatives
obtained from tosyl isocyanate were generally more potent than the corresponding ones
obtained from 3,4-dichlorophenyl isocyanate. This is the first reported example of selective
inhibition of CA I and might lead to more selective drugs/diagnostic agents from this class of
pharmacologically relevant compounds.

Keywords: Carbonic anhydrase; Aromatic, heterocyclic sulfonamides; Aryl, arylsulfonyl
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INTRODUCTION

One of the most successful approaches to the discovery of new drugs and
therapies is constituted by the inhibition of target enzymes with compounds
acting as specific and tight-binding inhibitors.>> The processes involved in
these phenomena generally also bring new insights in important topics such
as the role of binding in catalysis or molecular recognition, since the forma-
tion of the enzyme-substrate/inhibitor complexes is the critical step which
greatly determines the success of this approach to drug design.”™

Carbonic anhydrase (CA, EC 4.2.1.1), an enzyme playing a central role
to both transport and metabolic processes involving CO, and bicarbonate,
represents a special and fortunate case for drug design. This is mainly due to
two factors: (i) the presence of different CA isozymes in a variety of tissues
and organs, virtually in all living organisms, where they are involved in
critical physiological processes (see later) and, (ii) the existence of strong,

specific but unfortunately unselective inhibitors for many such isozymes.* ¢
0=C=0 + H,0 & HCO3 + H* Q)
NH; + HY — NH] (2)

At least eight CA isozymes have been isolated up to now in a variety of
tissues of higher vertebrates.>® By catalyzing the reversible interconversion
between the two chemical species mentioned above (reaction (1)) CA iso-
zymes facilitate CO, transport out of the cell® in metabolically active tissues
(such as the muscle cytoplasmic (CA I-1III) and sarcolemmal (CA III)). The
only membrane-bound isozyme known (CA IV), which is highly abundant
in the kidneys and lungs, has been shown to possess an extracellular orienta-
tion of the active site, and to be critical in acidifying the outer boundary
layer through the protons formed by CO; hydration according to equation
(1).>® This process further facilitates cellular ammonia transport by pro-
viding the H™ ion for the NH; (equation (2)), so maintaining the trans-
membrane ammonia gradient.”’ The unique mitochondrial CA isozyme
isolated (CA V) is known to supply bicarbonate/CO, for the initial reaction
of gluconeogenesis and ureagenesis in many mammalian tissues,”® as well as
for pyruvate carboxylation in the de novo lipogenesis in adipocytes.” It is
thus clear that different CA isozymes are involved in critical physiological
processes, some of which were mentioned above.
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Aromatic/heterocyclic sulfonamides with the general formula R-SO,NH,
are powerful inhibitors of CAs,>!°"'¢ and some differences in affinity of
these inhibitors for the different isozymes have been known for some time.’
Thus, CA II is the most susceptible to inhibition by sulfonamides,’ followed
by CA IV and V,*° whereas CA I has generally a lower affinity (10—100
times, as compared to CA II) for this type of inhibitor and a much larger
one for the inorganic complexing anions, such as cyanide, cyanate, thiocya-
nate.>'”"!® Finally, CA III is a sulfonamide-resistant isozyme,2° being
appreciably inhibited only at millimolar concentrations of inhibitor,
whereas the other isozymes are inhibited at micromolar—nanomolar con-
centrations of sulfonamides such as acetazolamide 1, benzolamide 2, ethox-
zolamide 3, dichlorophenamide 4 or dorzolamide 5 which are all clinically
used drugs.?!™* The main application of such agents is as antiglaucoma
drugs,” ¢ but they are also used as antiulcer,?! diuretic,?> or antiepileptic
drugs®® as well as diagnostic tools in NMR imaging 2% Although many
sulfonamide CA inhibitors possess high affinity for the major isozymes con-
sidered to play important physiological functions (such as CA I, CA II and
CA 1V),>7#11-16 the critical challenge for the design of novel pharmacologi-
cal agents from this class is constituted by the lack of specificity of such
compounds towards the different isozymes.>?°** Among the eight mamma-
lian isozymes described up to now, just the most widely spread isozymes,
such as CA I, CA Il and CA 1V, have the most similar affinities to diverse
sulfonamide inhibitors, although, as mentioned above, small differences
between them do indeed exist.>*® This fact, as well as the physiological
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importance and wide-spread distribution of these isozymes, prompted much
research in our laboratory to find compounds which might discriminate
between them.'?"'%?%3! In this paper we report a successful approach that
led to compounds with higher affinity for CA 1 as compared to CA Il and
CA IV, sometimes even by a factor of 10 (although our compounds also
appreciably inhibited isozymes II and IV). The new compounds have been
prepared by reaction of 20 aromatic/heterocyclic sulfonamides containing
free amino, imino, hydrazino or hydroxyl groups (A-T) with 3,4-dichloro-
phenyl isocyanate 6 or tosyl isocyanate 7, leading to the corresponding urea
or carbamic acid derivatives. The new compounds were characterized by
standard procedures and assayed as inhibitors of three isozymes, human (h)
hCA I and hCA 1I and bovine (b) bCA IV.

NCO SO,NCO
i Ci
Cl H,
6 7
SO,NH, SO,NH, O;NH, SO,NH,
NH, i
NH,
A NH, NHNH,
C D
SO,NH, SO,NH, SONH, O,NH,
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MATERIALS AND METHODS

Melting points were determined with a heating plate microscope and are not
corrected. IR spectra were obtained in KBr pellets with a Perkin-Elmer
16PC FTIR spectrometer and '"H-NMR spectra with a Varian 300CXP
apparatus in solvents specified in each case. Chemical shifts are expressed as
& values relative to Me,Si as standard. Elemental analyses were done by
combustion for C, H, N with an automated Carlo Erba analyzer, and were
4 0.4% of the theoretical values.

Sulfonamides A—T used in synthesis were either commercially available
compounds (from Sigma, Acros or Aldrich) or were prepared as described
previously: 4-hydrazino-benzenesulfonamide D by diazotization of sulfanil-
amide followed by reduction of the diazonium salt with tin(IT) chloride;*?
halogenosulfanilamides G—J by halogenation of sulfanilamide as reported
in the literature;> compound O from 5-amino-1,3,4-thiadiazole-2-sulfon-
amide (obtained from acetazolamide)** by acylation with the phthalimido-
derivative of 3-alanine, followed by hydrazinolysis,>*®imine N by deprotection
of methazolamide with concentrated hydrochloric acid.*® The benzo-
thiazole-2-sulfonamide derivatives P—R were prepared as described in Ref.
35b, and the alcohols S and T from the corresponding amines by diazotiza-
tion followed by hydrolysis of the diazonium salts.*>® 3,4-Dichlorophenyl
isocyanate 6, tosyl isocyanate 7, and triethylamine were from Acros.
Acetonitrile (Merck) or other solvents used in the synthesis were double
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distilled and kept on molecular sieves in order to maintain them in anhy-
drous conditions.

Human CA 1 and CA 11 cDNAs were expressed in Escherichia coli strain
BL21 (DE3) from the plasmids pACA/HCA I and pACA/HCA 11 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 es al.*® Enzyme concentrations were
determined spectrophotometrically at 280 nm, utilizing a molar absorptivity
of 9mM ™ 'cm~! for CA I and 54mM 'em™! for CA I1, respectively,
based on M,=28.85kDa for CA I, and 29.30kDa for CA II, respec-
tively.>*%" CA TV was isolated from bovine lung microsomes as described by
Maren et al., and its concentration has been determined by titration with
ethoxzolamide.*!

Initial rates of 4-nitrophenyl acetate hydrolysis catalysed by different CA
isozymes at 25°C were monitored spectrophotometrically, at 400 nm, with a
Cary 3 instrument interfaced with an IBM compatible PC.* Solutions of
substrate were prepared in anhydrous acetonitrile; the substrate concentra-
tions varied between 2- 1077 and 1-107°*M. A molar absorption coefficient
¢ of 18,400 M 'cm ! was used for the 4-nitrophenolate formed by hydro-
lysis, 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 done for each inhibitor con-
centration, and the values reported throughout the paper are the mean of
such results. Stock solutions of inhibitor (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 temperature prior to assay, in order to allow for
the formation of the E-I complex. The inhibition constant Kj was deter-
mined as described by Pocker and Stone.*” Enzyme concentrations were
3.5nM for hCA 11, 12nM for hCA 1 and 36 nM for bCA 1V (this isozyme
has a decreased esterase activity*® and higher concentrations had to be used
for the measurements).

General Procedure for the Preparation of Arylsulfonylureas
and Diaryl Ureas

An amount of 10mM sulfonamide A-T was dissolved or suspended in
50mL of anhydrous acetonitrile and then treated with a solution obtained
from 10 mM of isocyanates 6 or 7 dissolved in 10 mL of the same solvent.
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A small volume (100 pL) of triethylamine was added as catalyst. The reac-
tion was performed by heating the mixture at reflux for 6 h when isocyanate
6 was used, or by magnetic stirring at room temperature when tosyl iso-
cyanate 7 was used (no catalyst was used when working with this very reac-
tive isocyanate). The conversion of all the sulfonamide to the corresponding
urea or carbamic acid derivatives was monitored by TLC. When the reac-
tion was completed, the solvent was evaporated until a small volume of the
reaction mixture was obtained. Generally the new compounds crystallized
spontaneously on standing at 4°C overnight. In some cases, the con-
centrated liquor obtained after the evaporation of the solvent was poured
into 50 mL of cold water, when the reaction products precipitated and were
filtered. The prepared compounds were recrystallized from ethanol or etha-
nol-water (1:1, v/v). Yields were in the range of 70-90% (higher for tosyl
isocyanate than for 3,4-dichlorophenyl isocyanate, when working with the
same parent sulfonamide). Compounds 6C, 6E, 6F and 6M were previously
reported by this group,?' and are not described in the present series of com-
pounds, whereas 6N could not be obtained (in the previously mentioned
work or in the present one) since reaction of 3,4-dichlorophenyl isocyanate
with the imine N only led to the formation of 1,2-bis-(3,4-dichlorophenyl)-
urea, by a reaction mechanism explained by us previously.*!

N'-(2-Sulfamoylphenyl )-N°-3 4-dichlorophenyl-urea 6A, as white crys-
tals, m.p. 247-248°C. IR (KBr), cm™": 760,995, 1028, 1040, 1130 (SO3™),
1350 (SO%°), 1405, 1520 (amide II), 1730 (CO), 3165 (NHCONH), 3300
(NH,); '"H-NMR (DMSO-dy), 6, ppm: 7.15-7.69 (m, 4H, ArH, 1,2-phenyl-
ene); 7.39 (d, 1H, H-5 of 3,4-dichlorophenyl); 7.54 (br s, 2H, SO,NH,); 7.60
(d, 1H, H-6 of 3,4-dichlorophenyl); 7.94 (s, 1H, H-2 of 3,4-dichlorophenyl);
9.30 (s, 1H, H.NO,SCcH4NH); 10.67 (br s, 1H, NHC¢H;Cl,). Found: C,
43.40; H, 3.15; N, 11.50. C,3H;,CI,N305S requires: C, 43.35; H, 3.08; N,
11.67%.

N'-(3-Sulfamoylphenyl)-N-3 4-dichlorophenyl-urea 6B, as white crys-
tals, m.p. 273-274°C. IR (KBr), cm™': 707, 845, 1028, 1035,1136 (SOJ™),
1360 (SO%*), 1400,1520 (amide 1I), 1734 (CO), 3160 (NHCONH), 3300
(NH,); '"H-NMR (DMSO-dy), §, ppm: 7.10-7.50 (m, 4H, ArH, 1,3-phenyl-
ene); 7.38 (d, 1H, H-5 of 3,4-dichlorophenyl); 7.56 (br s, 2H, SO,NH,); 7.64
(d, 1H, H-6 of 3,4-dichlorophenyl); 7.95 (s, 1H, H-2 of 3,4-dichlorophenyl);
9.30 (s, 1H, H,NO,SC¢H,NH); 10.64 (br s, 1H, NHC¢H;Cl,). Found: C,
43.23; H, 3.00; N, 11.45. C;3H;;ClbN303S requires: C, 43.35; H, 3.08; N,
11.67%.

N'-(4-Sulfamoylphenyl )-N*-3 4-dichlorophenyl-semicarbazide 6D, as
white crystals, m.p. 269-270°C. IR (KBr), em !t 771,850,990 (N-N),
1040, 1171 (SO3™), 1350 (SO3%°), 1410,1518 (amide II), 1730 (CO), 3169
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(NHCONH), 3300 (NH, NH,); '"H-NMR (DMSO-d¢), 6, ppm: 7.05-7.39
{m, AA'BB’, 4H, ArH, 1,4-phenylene); 7.42 (d, 1H, H-5 of 3,4-dichlor-
ophenyl); 7.57 (br s, 2H, SO,NH,); 7.62 (d, 1H, H-6 of 3,4-dichlorophenyl);
7.90 (s, 1H, H-2 of 3,4-dichlorophenyl); 9.37 (br s, 2H, H,NO,SCsHy-
NHNH); 10.60 (br s, 1H, NHC4H;Cl,). Found: C, 41.54; H, 2.97; N, 14.75.
C3H,CIN4O;S requires: C, 41.61; H, 3.22; N, 14.93%.

N'-(2-Fluoro-4-sulfamoyl-phenyl )-N>-3 4-dichlorophenyl-urea  6G, as
white crystals, m.p. 241-243°C. IR (KBr), cm~ ! 654,910, 1040, 1151
(SO3™), 1337 (SO%°), 1415, 1515 (amide II), 1732 (CO), 3170 (NHCONH),
3300 (NH,); '"H-NMR (DMSO-dg), 8, ppm: 6.60 (br s, 2H, SO,NH,); 7.05—
7.89 (m, 3H, ArH from the F-substituted ring); 7.38 (d, 1H, H-5 of 3,4-
dichlorophenyl); 7.64 (d, 1H, H-6 of 3,4-dichlorophenyl); 7.97 (s, 1H, H-2 of
3.4-dichlorophenyl); 9.30 (s, 1H, H,NO,SCsH;FNH); 10.66 (br s, 1H,
NHCgH;Cly). Found: C, 41.50; H, 3.01; N, 11.03. C3H;,CLLFN;0;S
requires: C, 41.29; H, 2.67; N, 11.11%.

N'-(2-Chloro-4-sulfamoyl-phenyl)-N°-3 4-dichlorophenyl-urea  6H,  as
white crystals, m.p. 258-259°C. IR (KBr), cm™': 648,959, 1040, 1156
(SOY™), 1334 (SOY®), 1415, 1519 (amide 1), 1730 (CO), 3170 (NHCONH),
3300 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.68 (br s, 2H, SO,NH,); 7.05—
7.80 (m, 3H, ArH the 2-Cl-substituted ring); 7.39 (d, 1H, H-5 of 3,4-dichlor-
ophenyl); 7.64 (d, 1H, H-6 of 3,4-dichlorophenyl); 7.96 (s, 1H, H-2 of 3,4-
dichlorophenyl); 9.30 (s, 1H, H,;NO,SC¢H;CINH); 10.66 (br s, 1H,
NHCgH;Cl,). Found: C, 39.29; H, 2.60; N, 10.50. C;3H;oC;3N505S
requires: C, 39.56; H, 2.55; N, 10.65%.

N'-(2-Bromo-4-sulfamoyl-phenyl)-N>-3 4-dichlorophenyl-urea 61, as
white crystals, m.p. 255-257°C. IR (KBr), cm™!: 712,846, 1040, 1159
(SOF™), 1352 (SO%®), 1415,1521 (amide II), 1730 (CO), 3170 (NHCONH),
3300 (NH,); 'H-NMR (DMSO-d), 6, ppm: 6.63 (br s, 2H, SO,NH,); 7.05-
7.85 (m, 3H, ArH the 2-Br-substituted ring); 7.38 (d, 1H, H-5 of 3,4-dichlor-
ophenyl); 7.64 (d, 1H, H-6 of 3 ,4-dichlorophenyl); 7.97 (s, 1H, H-2 of 3,4-
dichlorophenyl); 9.29 (s, 1H, H,NO,SCcH;BrNH); 10.67 (br s, I1H,
NHC¢H;Cl,). Found: C, 3524; H, 2.08; N, 9.34. C,3H,,BrCl,N;05S
requires: C, 35.56; H, 2.30; N, 9.57%.

N'-(2-Todo-4-sulfamoyl-phenyl )-N°-3 4-dichlorophenyl-urea  6J, as white
crystals, m.p. 280-283°C. (dec.). IR (KBr), cm™ ! 759,960, 1040, 1155
(SO™), 1361 (SO5’), 1410, 1520 (amide II), 1730 (CO), 3175 (NHCONH),
3300 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 6.60 (br s, 2H, SO,NH,); 7.05-
7.79 (m, 3H, ArH the 2-I-substituted ring); 7.40 (d, 1H, H-5 of 3,4-dichlor-
ophenyl); 7.63 (d, 1H, H-6 of 3,4-dichlorophenyl); 7.97 (s, 1H, H-2 of
3 4-dichlorophenyl); 9.27 (s, 1H, H,NO,SCcH3INH); 10.64 (br s, 1H,
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NHCGH;Cly). Found: C, 32.21; H, 1.90; N, 8.55. C;3H;(CLLIN;05S
requires: C, 32.12; H, 2.07; N, 8.64%.

N'-(5.6-Dichloro-2,4-disulfamoyl-phenyl )-N°-3 4-dichlorophenyl-urea 6K,
as white crystals, m.p. 220-221°C. IR (KBr), cm™': 624,670,952, 1039, 1145
(SOF™), 1380 (SO5°), 1410, 1520 (amide II), 1730 (CO), 3175 (NHCONH),
3300 (NH,); "H-NMR (DMSO-dy), 6, ppm: 7.40 (d, 1H, H-5 of 3,4-dichlor-
ophenyl); 7.54 (s, 1H, ArH from the pentasubstituted benzene ring); 7.63 (d,
1H, H-6 of 3,4-dichlorophenyl); 7.68 (br s, 4H, 2 SO,NH,); 7.96 (s, 1H, H-2
of 3,4-dichlorophenyl); 9.35 (s, 1H, (H,NO,S),CcdHCLNH); 10.64 (br s, 1H,
NHC6H3C12) Found: C, 3085, H, 186, N, 11.01. C13H10C14N4O5SZ
requires: C, 30.73; H, 1.98; N, 11.02%.

N'-(5-Chloro-2 4-disulfamoyl-phenyl)-N>-3 4-dichlorophenyl-urea 6L, as
white crystals, m.p. 247-248°C. IR (KBr), cm™": 657,780,945, 1040,
1153 (SO3™), 1349 (SOY), 1415,1520 (amide II), 1733 (CO), 3170
(NHCONH), 3300 (NH,); '"H-NMR (DMSO-d¢), 6, ppm: 7.35 (s, 1H,
ArH from disulfamoylphenyl); 7.40 (d, 1H, H-5 of 3,4-dichlorophenyl); 7.57
(s, 1H, ArH from disulfamoylphenyl); 7.63 (d, 1H, H-6 of 3,4-dichlor-
ophenyl); 7.69 (br s, 4H, 2 SO,NH,); 7.95 (s, 1H, H-2 of 3,4-dichlor-
ophenyl); 9.34 (s, 1H, (H;NO,S),CsH,CINH), 10.60 (br s, 1H,
NHC¢H;Cly); Found: C, 32.74; H, 248; N, 11.69. C;3H;;CI3N4OsS,
requires: C, 32.96; H, 2.34; N, 11.83%.

N'-[ (5-Sulfamoyl-1,3 4-thiadiazol-2-yl)ethylcarboxamido J-N°-3 4-dichlor-
ophenyl-urea 60, as white crystals, m.p. 290-294°C (dec.). IR (KBr),
cm™': 710,960, 1040, 1180 (SOF™), 1320 (SO3®), 1490, 1520 and 1540 (amide
II), 1730 and 1740 (CONH), 3280 and 3390 (NHCONH and NH,), 'H-
NMR (DMSO-dg), 6, ppm: 2.25-2.60 (m, 4H, CH,CH,); 6.80 (br s, 3H,
CONH + SO,NH,); 7.39 (d, 1H, H-5 of 3,4-dichlorophenyl); 7.60 (d, 1H,
H-6 of 3,4-dichiorophenyl); 7.94 (s, 1H, H-2 of 3,4-dichlorophenyl); 9.32 (s,
1H, urea N’H); 10.67 (br s, 1H, urea NHCsH;Cl,). Found: C, 32.62; H,
2.90; N, 19.07. C;1,H1,CINgO4S; requires: C, 32.81; H, 2.75; N, 19.13%.

N-(2-Sulfamoyl-benzothiazol-6-yl )-N°-3 4-dichlorophenyl-urea 6P, as
white crystals, m.p. 271-273°C (dec.). IR (KBr), cm™: 745, 870, 1040, 1160
(SOJ™), 1345 (SO%°), 1470, 1525 (amide IT), 1740 (CONH); 3280 (NHCONH);
'"H-NMR (DMSO-d¢), 6, ppm: 6.94 (dd, 1H, J=9Hz; J=3Hz, H-5 of
benzothiazole); 7.10 (d, 1H, J=3Hz, H-7 of benzothiazole); 7.39 (d, 1H,
H-5 of 3,4-dichlorophenyl); 7.62 (d, 1H, H-6 of 3,4-dichlorophenyl); 7.78
(d, 1H, J=9Hz, H-4 of benzothiazole); 7.96 (s, 1H, H-2 of 3,4-dichlor-
ophenyl); 8.08 (br s, 2H, SO,NH,); 9.30 (s, 1H, urea NIH); 10.64 (brs, 1H,
urea NHC¢H,Cl,). Found: C, 40.27; H, 2.69; N, 13.37. C;4,H;(CI,N405S,
requires: C, 40.30; H, 2.42; N, 13.43%.
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O'-( 2-Sulfamoyl-benzothiazol-6-yl)-N-3 4-dichlorophenvi-carbamic acid 6Q,
as white crystals, m.p. 248-249°C. IR (KBr), cm™: 723,935, 1030, 1160 (SO3™),
1345 (SOY), 1420.1535 (amide 1I), 1770 (COO), 3300 (NHCOO); 'H-NMR
(DMSO-dg). 6, ppm: 6.90 (dd, 1H, J=9Hz J=3Hz, H-5 of benzothiazole),
7.11 (d. 1H, J= 3 Hz, H-7 of benzothiazole); 7.38 (d, 1H, H-5 of 3.4-dichlor-
ophenyl); 7.60 (d, 1H, H-6 of 34-dichlorophenyl); 7.78 (d, 1H, /=9Hz, H4
of benzothiazole); 7.95 (s, 1H. H-2 of 3.4-dichlorophenyl); 8.10 (br s, 2H,
SO,NH,); 10.75 (br s, 1H, urea NHCcH;CL). Found: C, 40.29; H, 2.15; N,
10.00. C13,HyClLN;0,4S; requires: C, 40.20; H, 2.17: N, 10.05%.

O'-( 2-Sulfamoyl-benzothiazol-6-oxvethvl)-N-3 4-dichlorophenyl-carbamic
acid 6R, as white crystals, m.p. 221-222°C. IR (KBr), cm ' 730, 845,935,
1030, 1165 (SOF™), 1355 (SOY). 1425,1535 (amide II), 1770 (COO), 3300
(NHCOO): 'H-NMR (DMSO-dy), 6. ppm: 2.89 (t, 3H. CH,); 3.14 (t, 3H,
CH->): 6.95 (dd. 1H. J=9Hz, J=3Hz H-5 of benzothiazole); 7.10 (d, 1H,
J=3Hz, H-7 of benzothiazole); 7.38 (d. 1H, H-5 of 3,4-dichlorophenyl);
7.62 (d, 1H, H-6 of 3.4-dichlorophenyl); 7.79 (d. 1H, J=9Hz, H-4 of
benzothiazole); 7.94 (s, 1H, H-2 of 3.4-dichlorophenyl); 8.14 (br s, 2H,
SO-NH>): 10.75 (br s, 1H, urea NHCsH;Cl,). Found: C, 41.28; H, 2.69; N,
8.79. C,H 3CLLN305S, requires: C, 41.57; H, 2.83; N, 9.09%.

O-14-Sulfamoyiphenyimethyl )-N-3 4-dichloropheny(-carbamic acid 68, as
white crystals, m.p. 211-213°C. IR (KBr), ecm™": 654, 870, 982. 1040, 1150
SOF™, 1340 SOY’, 1515 (amide II), 1770 (COO), 3170 (NHCONH), 3310
(NH>); '"H-NMR (DMSO-dg), 6. ppm: 4.90 (s, 2H, CONHCH,); 7.08-7.41
(m, AA'BB’. J=7.2Hz; 4H, ArH. phenylene); 7.37 (d, 1H, H-5 of
3.4-dichlorophenyl); 7.49 (s, 2H, SO,NH>); 7.60 (d, 1H, H-6 of 3,4-dichloro-
phenyl); 7.92 (s, 1H, H-2 of 3.4-dichlorophenyl); 10.66 (br s, 1H, NHCHs-
CL). Found: C, 45.13; H, 3.12; N, 7.30. C;4H,,ClhN>O,S requires: C, 44.81;
H,3.22: N, 7.47%.

O'-(4-Sulfamoyiphenylethyl )-N-3 4-dichlorophenvi-carbamic acid 6T, as
white crystals, m.p. 228-230°C. IR (KBr), cm™ ! 824,960, 1030, 1059, 1146
(SOT™), 1365 (SOY%), 1520 (amide 1), 1760 (COO), 3180 (NHCOO), 3300
(NH,); 'H-NMR (DMSO0-dg), 6. ppm: 3.10 (t, 2H, «CH, from the CH,CH,
bridge); 3.70 (t, 2H, 3CH, from the CH,CH, bridge); 6.95 (br s, 2H,
SO,NH,): 7.05-7.52 (m, AA'BB’, J=7.3Hz, 4H, ArH, phenylene); 7.41 (d,
IH, H-5 of 3.4-dichlorophenyl). 7.60 (d. 1H. H-6 of 3.,4-dichlorophenyl);
7.95 (s, 1H, H-2 of 3,4-dichlorophenyl); 10.70 (br s, 1H, NHCH;Cl,).
Found: C, 46.51: H, 3.80: N, 6.97. C,sH,4C15N>04S requires: C, 46.28; H,
3.63; N, 7.20%.

N'-( 2-Sulfamoyiphenyl )-N*-( 4-toluenesulfonvl j-urea  TA, as white crys-
tals. m.p. 275-276°C. IR (KBr). cm™': 560, 700, 815,1035, 1130 and 1150
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(SO3™), 1350 and 1375 (SO5°), 1450,1570 (amide II), 1700 (CO), 3190
(NHCONH), 3360 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 2.40 (s, 3H, Me);
ba 7.06, 65 7.46 (AA’BB’ system, 4H, Jap = 7.4 Hz, ArH from tosyl); 7.15-
7.69 (m, 4H, ArH, 1,2-phenylene); 7.54 (br s, 2H, SO,NH,); 9.30 (s, 1H,
H,oNO,SCsH NH); 10.60 (br s, 1H, NHSO,CsHyMe). Found: C, 45.19; H,
4.20; N, 11.15. Cy4H,5N305S; requires: C, 45.52; H, 4.09; N, 11.37%.

N'-(3-Sulfamoylphenyl )-N>- (4-toluenesulfonyl)-urea 7B, as white crys-
tals, m.p. 290-292°C. (dec.). IR (KBr), em™': 775,845,1035,1136
and 1150 (SO3™), 1355 and 1375 (SO5*), 1450, 1570 (amide 1I), 1710 (CO),
3180 (NHCONH), 3360 (NH,); '"H-NMR (DMSO-dy), 8, ppm: 2.40 (s, 3H,
Me); 65 7.06, 6 7.46 (AA'BB’ system, 4H, Jop=7.4Hz, ArH from
tosyl); 7.10-7.50 (m, 4H, ArH, 1,3-phenylene); 7.56 (br s, 2H, SO,NH,);
9.30 (s, 1H, H,NO,SCsH4NH); 10.64 (br s, 1H, NHSO,C¢HsMe). Found:
C, 45.58; H, 3.93; N, 11.30. C4H;5N30sS; requires: C, 45.52; H, 4.09; N,
11.37%.

N’-(4-Sulfamoylphenyl )-N’-(4-toluenesulfonyl j-urea 7C, as white crys-
tals, m.p. 299-302°C (dec.). IR (KBr), em ' 652,770,1040, 1139 and 1150
(SOF™), 1325 and 1375 (SO3°), 1440,1575 (amide II), 1710 (CO), 3180
(NHCONH), 3360 (NH,); '"H-NMR (DMSO-dg), 6, ppm: 2.40 (s, 3H, Me),
8o 7.06, 6 7.46 (AA’BB’ system, 4H, Jag=7.4Hz, ArH from tosyl); é
7.18, 6 7.75 (AA'BB’ system, 4H, Jag=7.9Hz, ArH from 4-sulfamoyl-
phenyl); 7.56 (br s, 2H, SO,NH,) 9.30 (s, 1H, H,NO,SCcH,NH); 10.64 (br
s, 1H, NHSO,CsH Me). Found: C, 45.43; H, 4.11; N, 11.35. C;4H5N505S,
requires: C, 45.52; H, 4.09; N, 11.37%.

N'-(4-Sulfamoylphenyl )-N*- (4-toluenesulfonyl )-semicarbazide TD,  as
white crystals, m.p. 276-277°C. IR (KBr), cm™': 710, 830, 980 (N-N), 1040,
1171 and 1150 (SO3™), 1350 and 1375 (SO3’), 1440,1575 (amide II),
1700 (CO), 3190 (NHCONH); 3360 (NH,); "H-NMR (DMSO-d), é, ppm:
2.40 (s, 3H, Me); 6, 7.06, 6 7.46 (AA'BB’ system, 4H, Jog=7.4Hz, ArH
from tosyl); 7.05-7.39 (m, AA'BB’, 4H, ArH, 1,4-phenylene); 7.57 (br s,
2H, SO,NH,); 9.37 (br s, 2H, H,NO,SC,H,NHNH); 10.60 (br s, 1H,
NHSO,C¢HsMe). Found: C, 43.55; H, 4.16; N, 14.39. C4H(N,OsS,
requires: C, 43.74; H, 4.20; N, 14.57%.

N'-(4-Sulfamoylphenylmethyl)-N°-(4-toluenesulfonyl )-urea 7TE, as white
crystals, m.p. 284-285°C (dec.). IR (KBr), em™!: 712,840, 1035, 1150 and
1176(SO3™),1344and 1375(S0O5%),1440, 1575 (amidell), 1715(CO),3180(NH-
HCONH), 3360 (NH,); "H-NMR (DMSO-dy), 6, ppm: 2.40 (s, 3H, Me); 4.90
(s, 2H, CH,); 64 7.086, 6g 7.46 (AA'BB’ system, 4H, Jog = 7.4 Hz, ArH from
tosyl); 64 7.22, 6 7.79 (AA'BB’ system, 4H, Jo5 = 7.9 Hz, ArH from 4-sul-
famoylphenyl); 7.61 (br s, 2H, SO,NH,); 9.31 (s, 1H, H,NO,SCsH,CH,NH);
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10.72 (br s, 1H, NHSO,CsH Me). Found: C, 47.13; H, 5.08; N, 10.91.
C,5H7N;305S; requires: C, 46.99; H, 4.97; N, 10.96%.

N'-(4-Sulfamoylphenylethyl)-N°-(4-toluenesulfonyl)-urea 7TF, as white
crystals, m.p. 278-280°C (dec.). IR (KBr), cm™": 687,794, 1040, 1137 and
1150 (SO3™), 1351 and 1375 (SO%°), 1440, 1575 (amide II), 1715 (CO), 3180
(NHCONH), 3360 (NH,); '"H-NMR (DMSO-dg). é, ppm: 2.40 (s, 3H, Me);
3.10 (t, 2H, oCH,; from the CH,CH, bridge); 3.70 (1, 2H, SCH, from the
CH,CH, bridge); 64 7.06, 65 7.46 (AA'BB’ system, 4H, Jog=7.4Hz, ArH
from tosyl); 64 7.15, 6 7.63 (AA'BB’ system, 4H, Jag =7.9 Hz, ArH from
4-sulfamoyiphenyl); 7.61 (br s, 2H, SO,NH,); 9.33 (s, 1H, H,NO,SCcH,-
CH,CH;NH); 10.68 (br s, 1H, NHSO,CsHsMe). Found: C, 48.49; H, 5.10;
N, 10.40. C;¢H;9N;0;S, requires: C, 48.35; H, 4.82; N, 10.57%.

N'-( 2-Fluoro-4-sulfamoyl-phenyl )-N°-( 4-toluenesulfonyl)-urea 7G, as
white crystals, m.p. 255-257°C. IR (KBr), cm ™" 654,910, 1040, 1151 and
1150 (SOF™), 1342 and 1375 (SO3%), 1450, 1570 (amide 1), 1710 (CO), 3190
(NHCONH); 3360 (NH,); '"H-NMR (DMSO-d), 6, ppm: 6.60 (br s, 2H,
SO,NH.); 2.40 (s, 3H, Me); 85 7.06, 6 7.46 (AA'BB’ system, 4H, Jag=
7.4Hz, ArH from tosyl); 7.05-7.89 (m, 3H, ArH from the F-substituted
ring); 9.30 (s, 1H, H,NO,SCcH:FNH); 10.66 (br s, 1H, urea NH-
SO,CcHsMe). Found: C, 43.50; H, 3.60; N, 10.73. C4H4FN;05S, requires:
C,43.41; H, 3.64;: N, 10.85%.

N'-(2-Chloro-4-sulfamoyl-phenyl )-N°-( 4-toluenesulfonyl)-urea TH, as
white crystals, m.p. 264-266°C. IR (KBr), cm™': 855,1040, 1156 and 1150
(SOY™), 1335 and 1375 (SOY), 1450,1570 (amide II), 1700 (CO), 3190
(NHCONH), 3360 (NH,); '"H-NMR (DMSO-dy), 6, ppm: 2.40 (s, 3H, Me);
6.68 (br s, 2H, SO.NH;); 64 7.06, &y 7.46 (AA'BB’ system, 4H, Jap=
7.4Hz, ArH from tosyl); 7.05-7.80 (m, 3H, ArH from the 2-Cl-substituted
ring); 9.30 (s, 1H, H;NO,SC¢H;CINH); 10.66 (br s, 1H, urea NHSO,-
CsHsMe). Found: C, 42.42; H, 3.30; N, 10.09. C,4,H,4,CIN;0;S, requires: C,
42.64; H, 3.49; N, 10.40%.

N'-(2-Bromo-4-sulfamoyl-phenyl )-N°- (4 -toluenesulfonyl )-urea 71, as
white crystals, m.p. 260-263°C. IR (KBr), cm™ ' 720, 1040, 1159 and 1150
(SOF™), 1351 and 1375 (SO%), 1450,1570 (amide ), 1700 (CO), 3190
(NHCONH), 3360 (NH,); 'H-NMR (DMSO-dg), 6, ppm: 2.40 (s, 3H, Me);
6.63 (br s, 2H, SO,NH,); 84 7.06, 6 7.46 (AA'BB’ system, 4H, Jap=
7.4Hz, ArH from tosyl); 7.05-7.85 (m, 3H, ArH from the 2-Br-substituted
ring); 9.29 (s, 1H, H.NO,SC¢H;BrNH); 10.67 (br s, 1H, urea NHSO,-
C¢HsMe). Found: C, 37.28; H, 3.04; N, 9.10. C,4H,4BrN;OsS, requires: C,
37.51; H, 3.15; N, 9.37%.

N-¢ 2-Iodo-4-sulfamoyl-phenyl )-N°- ( 4-toluenesulfonyl)-urea 7J,as white
crystals, m.p. 288-290°C (dec.). IR (KBr), cm™': 752,960, 1040, 1145 and
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1150 (SO3™), 1345 and 1377 (SO%°), 1450, 1575 (amide II), 1710 (CO), 3190
(NHCONH), 3360 (NH,); '"H-NMR (DMSO-dg), §, ppm: 2.40 (s, 3H, Me);
6.60 (br s, 2H, SO,NH,); 6. 7.06, 65 7.46 (AA'BB’ system, 4H,
Jag=7.4Hz, ArH from tosyl); 7.05-7.79 (m, 3H, ArH from the 2-I-sub-
stituted ring); 9.27 (s, 1H, H,NO,SC¢H:INH); 10.64 (br s, 1H, NHSO,-
C¢HsMe). Found: C, 34.12; H, 3.01; N, 8.30. C14H;4IN;0sS, requires: C,
33.95; H, 2.85; N, 8.48%.

N'-(5,6-Dichloro-2 4-disulfamoyl-phenyl)-N°- (4-toluenesulfonyl)-urea  TK, as
white crystals, m.p. 237-239°C. IR (KBr), cm™": 675,928, 1040, 1145 and 1150
(SOF™), 1370 and 1375 (SO%’), 1454,1570 (amide II), 1720 (CO), 3180
(NHCONH); 3360 (NH,), '"H-NMR (DMSO-d¢), 6, ppm: 2.40 (s, 3H, Me); 64
7.06, 65 7.46 (AA'BB’ system, 4H, Jog="7.4Hz, ArH from tosyl); 7.54 (s,
1H, ArH from the pentasubstituted benzene ring); 7.68 (br s, 4H, 2 SO,NH,);
9.35 (s, 1H, (H,NO,S),CsHCLNH); 10.64 (br s, 1H, NHSO,C¢HsMe). Found:
C, 32.68; H, 2.81; N, 10.61. C;4H14CLN,4O;S; requires: C, 32.50; H, 2.73; N,
10.83%.

N'-(5-Chloro-2,4-disulfamoyl-phenyl)-N°- (4-toluenesulfonyl )-urea TL, as
white crystals, m.p. 249-250°C. IR (KBr), cm™': 675,740, 1040, 1153 and
1150 (SO™), 1350 and 1375 (SO%’), 1450, 1570 (amide II), 1720 (CO), 3190
(NHCONH), 3360 (NH,); '"H-NMR (DMSO-dy), 8, ppm: 2.40 (s, 3H, Me);
8a 7.06, 6g 7.46 (AA'BB’ system, 4H, Jag=7.4 Hz, ArH from tosyl); 7.35
(s, 1H, ArH from disulfamoylphenyl); 7.57 (s, 1H, ArH from disulf-
amoylphenyl); 7.69 (br s, 4H, 2 SO,NH,); 9.34 (s, 1H, (H,NO,S),-
CsH,CINH); 10.60 (br s, 1H, NHSO,CsHsMe). Found: C, 34.54; H, 2.98;
N, 11.49. C14H15CIN407S3 I'equiI'ES: C, 3482, H, 313, N, 11.60%.

N*-(2-Sulfonamido-1,3 4-thiadiazol-5-yl)-N°- (4-toulenesulfonyl )-urea TM,
as white crystals, m.p.>320°C. IR (KBr), cm™!: 765,989,1150 and 1177
(SOJ™), 1344 and 1375 (SOY’), 1545 (amide II), 1585,1730 (CO), 3290
(NHCONH), 3380; 'H-NMR (DMSO-d), 8, ppm: 2.40 (s, 3H, Me); 6.88 (br
S, 2H, SOzNHz), 6A 706, 6]3 7.46 (AA’BB’ system, 4H, JAB:7'4 HZ, ArH
from tosyl); 10.79 (br s, 1H, urea NHSO,CsH Me); 11.55 (s, 1H, H,NO,S-
1,3,4-thiadiazole-NH). Found: C, 32.10;, H, 3.05; N, 18.45. C,oH,;NsOsS;
requires: C, 31.82; H, 2.94; N, 18.56%.

N’-(4-Methyl-2-sulfonamido-6°-1,3 4-thiadiazolin-5-yl )-N°- (4-toluenesulfonyl ) -
urea ‘TN, as white crystals, m.p. > 310°C. IR (KBr), cm™: 640,835,957, 1150
and 1184 (SOJ™), 1361 and 1375 (SO3*), 1540 (amide II), 1585, 1730 (CO), 3280
(NHCONH), 3380; 'TH-NMR (DMSO-dg), 8, ppm: 2.40 (s, 3H, Me); 3.90 (s, 3H,
N-Me); 6.92 (br s, 2H, SO,NH,); 84 7.06, 65 7.47 (AA'BB’ system, 4H, Jag=
7.4Hz, ArH from tosyl); 10.80 (br s, 1H, urea NHSO,CsH Me); 11.53 (s, 1H,
H,NO,S-1,3 4-thiadiazoline-NH). Found: C, 33.98; H, 3.19; N, 17.76.
C1H3N5058S; requires: C, 33.75; H, 3.35; N, 17.89%.
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N'-[(5-Sulfamoyl-1,3 4-thiadiazol-2-vl ) ethylcarboxamido J-N3-(4-toluene-
sulfonyl)-urea 70, as white crystals, m.p. 299-303°C (dec.). IR (KBr),
cm™: 700.834.1040,1150 and 1180 (SO7™), 1330 and 1375 (SO,
1450, 1570 (amide 11), 1710 (CO). 3190 (NHCONH), 3360 (NH,); 'H-NMR
(DMSO-dg), 6. ppm: 2.25-2.60 (m, 4H, CH,CH,); 2.40 (s, 3H, Me); 6.80
{br s, 3H. CONH +SO->NH>); 84 7.06, 65 7.46 (AA'BB’ system, 4H,
Jap=7.4Hz. ArH from tosyl); 9.32 (s, IH. urea N'H); 10.67 (br s, 1H, urea
NHSO,CcHyMe). Found: C, 34.62; H, 3.91; N, 18.70. C3HcNgO¢S3
requires: C, 34.81: H, 3.60; N, 18.74%.

Ny 2-Sulfamoyi-benzothiazol-6-y1 J-N3-( 4-toluenesulfonyl)-urea TP, as
white crystals, m.p. 279-281°C (dec.). IR (KBr), cm™': 655, 850, 1040, 1150
and 1165 (SOT™), 1345 and 1377 (SO%). 1450, 1570 (amide 1), 1720 (CO),
3190 (NHCONH), 3360 (NH,); '"H-NMR (DMSO-dy), 6, ppm: 2.40 (s, 3H,
Me); 64 7.06. &g 7.46 (AA'BB’ system. 4H. Jog=7.4 Hz, ArH from tosyl);
6.94 (dd, 1H, J=9Hz. J=3Hz, H-5 of benzothiazole); 7.10 (d, 1H,
J=3Hz. H-7 of benzothiazole); 7.78 (d. 1H, J=9Hz, H-4 of benzothia-
zole); 8.08 (br s. 2H. SO,NH-); 9.30 (s, 1H. urea N'H); 10.64 (br s, 1H, urea
NHSO,C HsMe). Found: C, 4228, H, 2.99: N, 13.07. C;sH,;4N,O5S;
requires: C.42.24;: H, 3.31; N, 13.14%.

O-( 2-Sulfamovi-benzothiazol-6-v1)- N-( 4-toluenesulfonyl )-carbamic acid  7Q,
as white crystals. m.p. 280-282°C. IR (KBr), ecm™": 846,931,1030, 1150 and
1160 (SO3™). 1350 and 1375 (SOY). 1450, 1570 (amide IT), 1775 (COO), 3300
(NHCOO); 3360 (NH>); '"H-NMR (DMSO-dg), 6, ppm: 2.40 (s, 3H, Me); 64
7.06, 8y 7.46 (AA'BB’ system, 4H, Jop =74 Hz, ArH from tosyl); 6.90 (dd,
1H, J=9Hz J=23Hz, H-5 of benzothiazole); 7.11 (d, 1H, J=3Hz, H-7 of
benzothiazole); 7.78 (d, 1H. J=9Hz, H-4 of benzothiazole); 8.10 (br s, 2H,
SO,NH,); 10.75 (br s. IH, NHSO-CcHsMe). Found: C, 42.20; H, 2.95; N, 9.77.
CsH | 3N304S; requires: C, 42.15: H, 3.07; N, 9.83%.

O-( 2-Sulfamoyl-benzothiazol-6-oxvethvl j- N-( 4-toluenesulfonyl ) -carbamic
acid TR, as white crystals, m.p. 254-255°C. IR (KBr), cm™ ' 650,894,955,
1030. 1150 and 1175 (SOT™), 1348 and 1375 (SO%°). 1450, 1770 (COO), 3300
(NHCOO), 3360 (NH>); 'H-NMR (DMSO-dy). 6. ppm: 2.40 (s, 3H, Me);
2.89 (t, 3H. CH,); 3.14 (1. 3H, CH,): 8. 7.06, 6y 7.46 (AA'BB’ system,
4H, Jag=7.4Hz, from tosyl): 6.95 (dd, IH. /J=9Hz, J=3Hz, H-5 of
benzothiazole); 7.10 (d. 1H, J =3 Hz. H-7 of benzothiazole); 7.79 (d, 1H, J =
9Hz. H-4 of benzothiazole); 8.14 (br s. 2ZH, SO>,NH,); 10.75 (br s, 1H, urea
NHSO-C4HsMe). Found: C, 43.21; H, 3.90; N, 8.79. C;7H;7N;0,S;
requires: C. 43.30; H, 3.63; N, 8.91%.

O-(4-Sulfamoylphenylmethvl )-N-( 4-toluenesulfonyl )-carbamic acid 78S,
as white crystals. m.p. 240-243°C. IR (KBr), cm™!: 724, 840,935, 1040, 1150

RIGHTS

i,



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by HINARI on 12/18/11
For personal use only.

CARBONIC ANHYDRASE INHIBITORS 357

and 1155 (SOF™), 1325 and 1375 (SO%), 1450,1570 (amide II), 1770
(COO0), 3170 (NHCO), 3310 (NH»); "H-NMR (DMSO-dy), 6, ppm: 2.40 (s,
3H, Me); 4.90 (s, 2H, CONHCH,); é45 7.06, 6 7.46 (AA'BB’ system, 4H,
Jap=7.4Hz, ArH from tosyl); 7.08-7.41 (m, AA'BB’, J=7.2Hz, 4H,
ArH, phenylene); 7.49 (s, 2H, SO,NH,); 10.66 (br s, 1H, NHSO,C¢H Me).
Found: C, 47.19; H, 5.56; N, 4.98. C;sHcN>04S, requires: C 47.35; H, 5.30;
N, 5.26%.

O-(4-Sulfamoylphenyl)-N-(4-toluenesulfonyl )-carbamic acid TT,as white
crystals, m.p. 264-267°C. IR (KBr), cm ! 840,936,1030, 1146 and 1153
(SOF™), 1326 and 1375 (SOY), 1450, 1570 (amide IT), 1760 (COO), 3180
(NHCOO); 3300 (NH,); 'H-NMR (DMSO-dy), 6, ppm: 2.40 (s, 3H, Me);
3.10 (t, 2H, oCH, from the CH,CH, bridge); 3.70 (t, 2H, SCH, from the
CH,CH, bridge); 6.95 (br s, 2H, SO,NH,); 64 7.06, ég 7.46 (AA’'BB’ sys-
tem, 4H, Jop =7.4 Hz, ArH from tosyl), 7.05-7.52 (m, AA’'BB’, /J=7.3Hz,
4H, ArH, phenylene); 10.70 (br s, 1H, NHSO,CsHsMe). Found: C, 47.95;
H, 4.67; N, 6.81. CsHsN,O¢S, requires: C, 48.23; H, 4.55; N, 7.03%.

RESULTS AND DISCUSSION

The reactions of aryl isocyanates* and arylsulfonyl isocyanates®® with
active hydrogen containing compounds, such as amines or alcohols/phenols,
have thoroughly been investigated due to the many applications of the
obtained derivatives as polymers (plastics), insecticides or biologically active
substances with potential clinical use.** * Thus, in the search of more active
antibacterial sulfonamides, a large number of arylsulfonyl ureas*’*? or
thioureas*’® containing sulfanilamide moieties have been prepared and
assayed for biological activity.*®*” Sulfanilylurea 8 and sulfanilyithiourea 9
were found to possess excellent antimycotic, antibacterial and anti-Myco-
bacterium tuberculosi activity.***” More recently, the interest in these
classes of compounds has been revived by the report of the strong anti-
cancer properties of some arylsulfonylureas by researchers at Eli Lilly,*3
with derivatives of type 10-13 highly active in preliminary clinical studies
against a variety of tumors.*” Although the precise mechanism of action of
these new anticancer compounds is presently unknown, it is assumed that
their cytotoxicity may be a consequence of the uncoupling of mitochon-
dria,*® where high concentrations of a CA are also present.”® However, up
to the present time studies have not been made to determine whether such
anticancer compounds interfere with CA activity, although we hypothesize
a strong CA V inhibition as very probable. Hopefully, these compounds will
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lead to effective new types of anticancer drugs in the near future.*®
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Only recently the reactions of aryl isocyanates or isothiocyanates with
amino-containing sulfonamides was applied to the preparation of CA inhi-
bitors by this group.’' A series of compounds was obtained by reaction of
phenyl isocyanate, 3.4-dichlorophenyl isocyanate, phenyl isothiocyanate
and allyl isothiocyanate with aromatic/heterocyclic sulfonamides of type C,
E, F, M and N. The exciting finding was that some of those compounds
strongly inhibited isozyme CA I (in addition to the sulfonamide-avid iso-
zymes Il and 1V) with affinities sometimes in the nanomolar range. The
most interesting compounds prepared in the previous study’! were those
derived from 3,4-dichlorophenyl isocyanate 6, so that here we extend the
investigations to include more sulfonamides (compounds A-T) as well as
derivatives of an arylsulfonyl isocyanate (tosyl isocyanate 7), in an attempt
to obtain a lead molecule for a selective CA I inhibitor. For simplicity the
new derivatives prepared in the present study are designated with a number
followed by a letter: the number specifies the isocyanate and the letter the
parent sulfonamide from which the compounds were prepared e.g. 6A is the
urea derivative obtained from orthanilamide A and 3,4-dichlorophenyl iso-
cyanate 6; 7M is the arylsulfonylurea obtained from 5-amino-1,3,4-thiadia-
zole-2-sulfonamide M and tosyl isocyanate 7 (see structures below).

o
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Compounds (6A-T)-(7A-T) were characterized by standard chemical
and physical methods that confirmed their structure (see Materials and
Methods for details) and were assayed inhibitors of isozymes hCA I, hCA 11
and bCA IV (Table I).
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TABLE 1 CA inhibition data for standard inhibitors 1-5, the parent
sulfonamides A—T and the new derivatives reported in the present study

against isozymes I, Il and IV

Inhibitor Ki* (nM)

hcar® rCA I bCAIV®
Acetazolamide 1 900 12 220
Benzolamide 2 15 9 12
Ethoxzolamide 3 25 8 13
Dichlorophenamide 4 1200 38 380
Dorzolamide 5 50000 9 45
A 45400 295 1310
B 25000 240 2200
C 28000 300 3000
D 78500 320 3215
E 25000 170 2800
F 21000 160 2450
G 8300 60 180
H 9800 110 320
I 6500 40 66
J 6000 70 125
K 6100 28 175
L 8400 75 160
M 8600 60 540
N 9300 19 355
0 455 3 125
P 70 9 19
Q 55 - 8 17
R 50 7 15
S 24000 125 560
T 18000 110 450
6A 5000 250 900
6B 120 80 110
6C° 20 9 10
6D 20 12 24
6E° 12 7 10
6F° 12 13 20
6G 10 13 15
6H 25 20 35
61 14 16 21
6J 18 17 24
6K 10 13 19
6L 29 18 45
6M° 360 2 9
60 8 3 12
6P 5 6 9
6Q 6 6 8
6R 5 7 10
6S 24 21 38
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TABLE I (Continued)

Inhibitor Ki* (nM)

hCcArt hCaI1* bCAIVP
6T 21 20 35
7A 2000 85 180
7B 9 10 13
7C {2 13 24
i) 16 16 31
7E 8 8 25
7F 7 12 23
G 7 9 14
7H 15 1 27
7 10 12 26
7J i5 15 30
7K 8 12 14
7L 2 13 20
™ 3 4 12
TN 5 6 14
70 4 5 11
7P 3 4 5
7Q 5 6 8
TR 5 8 10
7S 21 25 40
7T 20 24 36

*Standard error for the determination of Kj was 5-10% (from 2 different assays).
“Human (cloned) isozyme.

Plsolated from bovine lung microsomes.

“From Ref {31].

Inhibition data against three CA isozymes, hCA 1, hCA 11 and bCA 1V
with the new derivatives (Table I) shows that the substituted-ureido/arylsul-
fonylureido sulfonamides generally behave as strong inhibitors and have
increased potency as compared to the parent compounds from which they
were prepared (the amino-sulfonamides A-T). The potency of the obtained
inhibitor generally varied in the following manner, based on the parent
sulfonamide from which it was prepared: p-hydrazino-benzenesuifonamides
D < sulfanilamides C < orthanilamides A 2~ metanilamides B <homo-
sulfanilamides E < p-aminoethyl-benzenesulfonamides ¥ < 1,3-benzene-
disulfonamides K and L =halogeno-substituted sulfanilamides G-J <
1.3.4-thiadiazoline-2-sulfonamides M and O%4—methyl—62-l,3,4-thiadiazo-
line-2-sulfonamide N < benzothiazole-2-sulfonamides P-R derivatives.
Based on the isocyanate, the order was: C4H3CLNCO < TsNCO. This
means that the best inhibitors (against all isozymes) were those obtained
from tosyl isocyanate and heterocyclic derivatives, such as 1,3,4-thiadiazole
or benzothiazole suifonamides. All three CA isozymes investigated here
were susceptible to inhibition with this type of sulfonamide, but again the
interesting finding was the increased affinity for hCA I by some of these
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inhibitors, comparable with those previously mentioned by our group.®’ As
seen from, data of Table I, generally hCA 1II is the most susceptible to inhi-
bition with aromatic/heterocyclic sulfonamides of type A-T, followed by
bCA 1V, whereas hCA I has a much lower affinity for this class of inhibi-
tors. These statements are well illustrated by the case of the classical inhibi-
tors of type 1-5, which generally have the ratios K; (hCA 1)/K; (hCA
M)=21.67-75, and K7 (bCA IV)/K; (hCA 1I)221.33-18. This means that
hCA [ is 1.67-75 times less susceptible to inhibition by acetazolamide and
its congeners, whereas bCA IV only 1.33--18 times less susceptible (mention
should be made that the low figures for the above ratios refer to benzol-
amide; otherwise, for other types of classical sulfonamide inhibitors, the
affinity for hCA 1 is generally 5-75 less as compared to that for hCA II,
etc.). A very interesting case is dorzolamide 4, the new representative of
topically effective antiglaucoma sulfonamides discovered at Merck, Sharp &
Dohme?* which is 5500 times less effective as an inhibitor of hCA I com-
pared to hCA II. A notable exception is also represented by benzolamide 2,
which has the highest hCA I affinity among the classical inhibitors,’ ! with
the lowest ratio Ky(hCA 1)/Ky(hCA 1I)=1.66 (but this is an atypical beha-
vior for a classical sulfonamide inhibitor).>! With the compounds reported
here by us, there are instances of derivatives possessing an inhibition ratio
Ki(hCA 1)/Ki(hCA ) =1 (e.g. 6H, 6J, 6L, 6Q, 6T, 7D, 7E, 7J), whereas
others have the above mentioned ratio less than 1 (e.g. 6G, 6l, 6K, 6P, 6R,
7B, 7C, 7F, 7G, 71, 7K, TM-TT). As far as we know, this is the first report
(except for our preliminary communication)®' of sulfonamides that act as
better inhibitors of isozyme I as compared to the “sulfonamide-avid” iso-
zymes II and IV. We do not claim that we have obtained hCA I-specific
inhibitors, since the compounds synthesized inhibit to a large extent the
other two isozymes. However, our results are a promising start towards the
design of high affinity and entirely isozyme I-specific CA inhibitors.
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