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Abstract - Reaction of nine aromatic/heterocyclic sulfonamides containing a free amino group with aryl isocyanates/isothiocyanates 
or ally1 isothiocyanate afforded the corresponding ureakhiourea derivatives, which were characterized by standard physico-chemical 
procedures and assayed as inhibitors of three isozymes of carbonic anhydrase (CA), i.e. hCA I, hCA II and bCA IV (h = human, 
b = bovine isozyme). Another series of compounds, l,Sdisubstituted-2-thiobiuret derivatives, were prepared by reaction of 3,4-dichlo- 
rophenyl isocyanate with thioureido-containing aromatic/heterocyclic sulfonamides. Good inhibition of all these three CA isozymes 
was observed with the new compounds, but an exciting finding was that the ureaskhioureas and especially the above-mentioned 
thiobiurets reported here have an increased affinity to the slow isozyme hCA I, generally less susceptible to inhibition by 
sulfonamides, as compared to the rapid isozymes hCA II and bCA IV. Some of the new compounds might constitute good lead 
molecules for developing more selective CA I inhibitors. 0 Elsevier, Paris 

aromaticfheterocyclic sulfonamide I carbonic anhydrase 1 isozyme I, II, IV I isocyanate I isothiocyanate I 1,3-disubstituted 
(thio)ureas / l,Sdisubstituted-2-tbiobiurets / isozyme-specific inhibitor 

1. Introduction 

Ten carbonic anhydrases (CAs, EC 4.2.1.1) or CA- 
like proteins (CA I-X) were isolated in mammals up 
to now [2, 31. They generally catalyze a very simple 
but critical physiological reaction, the reversible 
hydration of carbon dioxide to bicarbonate [4]. 
Already in the 1950’s, after the report of Mann and 
Keilin [5] that sulfanilamide is a specific inhibitor of 
this zinc enzyme, red cell CAs were a target for drug 
design. Thus, in the search of non-mercurial diuretic 
agents, a large number of aromatic and heterocyclic 
sulfonamides possessing the general formula 
RSO,NH, were synthesized and assayed as CA inhibi- 
tors [4-B], leading to the first such clinical agent, 
acetazolamide 1 (in 1956) [9]. followed shortly 
thereafter by methazolamide 2 [9, lo] and dichloro- 
phenamide 3 [ 111. Compounds l-3 are still used clini- 

*Correspondence and reprints 
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tally for the treatment or prevention of a variety of 
disorders such as glaucoma [12], mountain sickness 
[ 131, or epilepsy [ 14, 151. Their use as diuretics is 
relatively limited nowadays, except for dichloro- 
phenamide 3 [16]. Still, this class of pharmacological 
agents has led to the development of two important 
types of diuretic drugs [4, 11, 171 the benzothiadia- 
zines and the high-ceiling diuretics, widely used for 
the mobilization of edema fluids in a large number of 
disorders [ 16, 171 (see$gure I). 

The major drawback of classical sulfonamide CA 
inhibitors of type l-3 is their total lack of specificity 
due to indiscriminate inhibition of all isozymes 
(except for CA III, which is much less sensitive to this 
class of inhibitors [4]) in many tissues in which these 
are present [4, 181. Still, this problem may be circum- 
vented by designing organ-selective compounds, as 
well as isozyme-specific inhibitors [4, 181. An impor- 
tant example from the first type of derivatives is repre- 
sented by the topically active antiglaucoma agents 
[ 19, 201 recently introduced in clinical medicine with 
great success. Thus, dorzolamide 4, a water-soluble 
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sulfonamide, is highly effective in reducing elevated 
intraocular pressure in glaucomatous patients, after 
topical instillation directly into the eye, without the 
side effects of systematically administered inhibitors 
(of type l-3 for instance), as only the enzyme within 
the cilliary processes of the eye is inhibited [19-241. 
On the other hand, although few isozyme-specific 
sulfonamide inhibitors have been reported up to now 
[4] a promising class of CA IV-specific inhibitors is 
represented by the positively charged derivatives of 
type 5, which are membrane-impermeant and inhibit 
only the membrane-bound isozyme (CA IV), without 
affecting the cytosolic ones (CA I and II) [25-261. 
Thus, in the search of inhibitors with higher affinity 
for diverse isozymes, a lot of aromatic/heterocyclic 
sulfonamides are permanently designed and synthe- 
sized in different laboratories [4, 25-321, which ulti- 
mately have led to interesting developments, such as 
the obtaining of a sulfonamide probe with nanomolar 
affinity to hCA II, used for fluorescence anisotropy 
detection of zinc with a CA-based biosensor [32] or 
the design of tight binding inhibitors of hCA II (and to 
a lesser degree hCA I-avid compounds too) by 
Whitesides’ [33] and Burbaum’s [34] groups. 
Recently this groups has reported [I] that aromatic 
sulfonamides or bis-sulfonamides possessing among 
others the unsubstituted ureido or thioureido moieties 
(H,NCXNH-; X = 0, S) attached to the aromatic ring, 
not only behave as very potent inhibitors against three 
isozymes, hCA I, hCA II and bCA IV (h = human, b = 
bovine isozyme), but possess an unexpectedly high 
affinity for the slow isozyme hCA I. Using as lead 
molecules such derivatives mentioned above, in this 
paper we extended the range of compounds of this 
type, reporting novel sulfonamides possessing aryl/ 
allyl-substituted ureidokhioureido moieties in their 
molecule. The new inhibitors were characterized by 

standard procedures and were assayed for inhibition 
of the previously mentioned CA isozymes. Some 
compounds show very good hCA I inhibition profiles, 
although they equally act as powerful inhibitors for 
the other two isozymes. 

2. Experimental protocols 

2.1. Chemistv 

Melting points were determined with a heating plate micro- 
scope and are not corrected; IR spectra were obtained in KBr 
pellets with a Perkin-Elmer 16PC PTIR spectrometer, whereas 
tH- and tsC-NMR spectra with a Bruker 400XLP apparatus 
(working at 400 MHz for the proton spectra, and 100.61 MHz 
for the carbon spectra, respectively) in solvents specified in 
each case. Chemical shifts are expressed as 6 values relative to 
Me,Si as standard. Mass spectra were obtained on a MAT 310 
spectrometer operating at 70 eV, with an electron emission of 
100 mA and an ion source temperature of 150 “C. Elemental 
Analyses were done by combustion for C, H, N with an auto- 
mated Carlo Erba analyzer, and were ?0.4% of the theoretical 
values. 

Sulfonamides 6-8 and l&12 used in syntheses were 
commercially available (from Sigma, Acres or Aldrich) 
whereas compounds 9, 13 and 14 were prepared as described 
in the literature [35-371. Metanilamide 9 was prepared from 
3-aminobenzene-sulfonyl fluoride hydrochloride (Acres) by 
treatment with excess aqueous ammonia. The dichlorosulfanil- 
amide 13 was obtained by chlorination of sulfanilamide 6 with 
HCl-H,O, [35, 361 whereas 5-amino-1,3,4-thiadiazole-2- 
sulfonamide 14 was prepared from acetazolamide 1 (Sigma) by 
deacetvlation with concentrated HCl, as described in the litera- 
ture [37]. All these compounds were recrystallized from etha- 
nol-water (1: 1. v/v). Phenyl isocyanate and isothiocyanate, 
3,4-dichlorophenyl isocyanate, ally1 isothiocyanate as well as 
other inorganic reagents and solvents were from Acres or 
Merck, and were used without further purification. Thioureido- 
sulfonamides 51-59 were prepared as described previously 
[I, 381. 

hCA I and hCA II cDNAs were expressed in Escherichia 
co/i strain BL21 (DE3) from the plasmids pACA/hCA I and 
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pACA/hCA II described by Forsman et al. [39] (the two plas- 
mids were a gift from Prof. Sven Lindskog, UmeH University, 
Sweden). Cell growth conditions were those described by 
Lindskog’s group [40] and enzymes were purified by affinity 
chromatography according to the method of Khalifah et al. 
[41]. Enzyme concentrations were determined spectro- 
photometrically at 280 nm, utilizing a molar absorptivity of 
49 mM-1 cm-1 for CA I and 54 mM-1 cm-l for CA II, respecti- 
vely, based on M, = 28.85 kDa for hCA I, and 29.30 kDa for 
hCA II, respectively [42, 431. bCA IV was isolated from 
bovine lung microsomes as described by Maren et al., and its 
concentration has been determined by titration with ethoxzola- 
mide [44]. 

2.2. General procedure for the preparation of ureas 15-32 and 
thioureas 33-50 

An amount of 10 mM sulfonamide 6-14 was dissolved/ 
suspended in 50 mL of tetrahydrofuran and the solution was 
heated at refluxation for 20 min, then a solution obtained from 
10 mM of aryl/allyl isocyanate/isothiocyanate dissolved in 
5 mL of the same solvent was added dropwise and the obtained 
mixture was heated at reflux for 4-6 hours. A small volume 
(100 pL) of triethylamine was added as catalyst after the first 
half our of heating at reflux into the above mixture. By means 
of TLC the conversion of all the sulfonamide 6-14 to the 
corresponding urealthiourea derivative has been monitored. 
When the reaction was completed, the solvent was evaporated 
until a small volume of the reaction mixture was obtained. 
Generally compounds 15-50 crystallized spontaneousiy by 
leaving the above mixture at 4 “C overnight. In some cases, the 
concentrated liquor obtained after the evaporation of the 
solvent was poured into 50 mL of cold water, when the reac- 
tion product precipitated and was filtered. The prepared 
compounds were recrystallized from ethanol or ethanol-water 
(1: 1, v/v). Yields were in the range 70-80%. 

2.3. General procedure for the reaction of thiureido-sulfon- 
amides 51-59 with 3,4-dichlorophenyl isocyanate 60 

An amount of 2 mM of thioureido sulfonamide 51-59 and 
the equimolar amount of 3,4-dichloro-phenyl isocyanate 60 
were heated at reflux in 50 mL anhvdrous DMF or acetonitrile, 
in the presence of 100 FL of trikthylamine, for 15 h. The 
solvent was evaporated in vacua and the obtained residue trea- 
ted with 5 mL of 2 N aqueous HCl solution. The obtained 
precipitate was filtered and recrystallized from acetone/water 
(2: 1, v/v). Yields in compounds 6149 were around 50%. 

2.3.1. N’-(4-Sulfamoylphenyl)-NJ-phenyl-urea 15 
White crystals, mp 232-234 “C, the compound is mentioned 

by Roth and Degehng [45] but only its mp, without other 
physico-chemical/biochemical characterization reported; litera- 
ture [45]: mp 231-233 “C. IR (KBr), cm-l: 650, 773, 786, 820, 
X64.989.1028. 1043. 1146LSO,vLl325 ~SO,~s~.1410,1510 
(amide iI), 1?30 (CO), j165 (gHCONH);- 3300 (NH,); 
IH-NMR (DMSO-d,), 6, ppm: 7.05-7.39 (m, 9H, ArH, 1,4- 
phenylene + Ph); 7.55 (br s, 2H, SO,NH,); 9.33 (s, IH, 
Ph-NH); 9.46 (s, lH, NW; Anal. CIIHI,NjOIS (C, H, N). 

2.3.2. Nl-(4-Sulfamoylphenylmethyl)-N.3.phenyl-urea 16 
White crystals, mp 210-212 “C, IR (KBr), cm-l: 622, 671, 

854, 881, 930, 983, 1020, 1035, 1151 (S02sYm), 1332 (SOZns), 
1515 (amide II), 1730 (CO), 3165 (NHCONH): 3310 (NH,); 
IH-NMR (DMSO-d,), 6, ppm: 4.90 (s, 2H, CONHCH,); 
7.08-7.44 (m, 9H, ArH, phenylene + Ph); 7.46 (s, 2H, 

S02NH,); 9.33 (s, lH, Ph-NH); 9.40 (s. IH, NH); Anal. 
C,aH,,N,O,S (C, H, N). 

2.3.3. N’-(4-Sulfumoylphenylethyl)-N3-phenyl-urea 17 
White crystals, mp 232-234 “C; IR (KBr), cm-l: 653, 826, 

940. 1037, 1060, 1080, 1139 (S02w), 1332 (Sop). 1516 
(amide II), 1735 (CO), 3170 (NHCONH); 3300 (NH,); 
IH-NMR (DMSO-d,), 6, ppm: 3.10 (t, 2H, &Hz from the 
CH2CHZ bridge); 3.90 (t, 2H, PCH, from the CH,CH1 bridge); 
6.97 (br s, 2H, SO,NH,); 7.05-7.54 (m, 9H, ArH, phenylene + 
Ph); 9.32 (s, lH, Ph-NH); 9.40 (s, lH, NH); Anal. 
C,sH,,N@iS CC. H, N). 

2.3.4. N’-(3.Suljamoylphenyl)-Nj-phenyl-urea 18 
White crystals, mp 226-228 “C IR (KBr), cm-l: 627. 730, 

809, 882, 975, 1010, 1040, 1134 (S02sYm), 1336 (SO?*\), 1512 
(amide II), 1730 (CO), 3160 (NHCONH); 3330 (NH& 
IH-NMR (DMSO-d,), 6, ppm: 7.12 (br s, 2H, + SO,NH,); the 
signal disappears by addition of D20 into the NMR tube; 
7.10-7.61 (m, 9H, ArH, 1,3-phenylene + Ph); 9.33 (s. lH, 
Ph-NN); 9.47 (s, lH, NH); Anal. C,3H,,N,0,S (C, H, N). 

2.3.5. Nl-(2,4-DisuIfamoylphenyl)-N3-phenyl-urea 19 
White crystals, mp 262-265 “C; IR (KBr), cm-l: 621, 715, 

748, 775, 824, 869, 974, 1016, 1043, 1155 (SOpm), 1344 
(SO*as), 1414, 1515 (amide II), 1728 (CO), 3166 (NHCONH); 
3300 (NH,); IH-NMR (DMSO-d,), 6, ppm: 7.10-7.58 (m, 8H, 
ArH); 7.60 (br s, 4H, 2 SO,NH,); 9.34 (s, lH, Ph-NH); 9.65 (s, 
IH. NH); Anal. C,3H N 0 S (C, H, N). IS 4 5 2 

2.3.6. N~-(2,4-Disulfamoyl-6-chlorophenyl)-N3-phenyl-urea 20 
White crystals, mp 270-272 “C; IR (KBr), cm-l : 627, 742, 

786, 822, 884, 951, 1015, 1060, 1153 (SOr5Ym), 1344 (SO,as), 
1470, 1520 (amide II), 1724 (CO), 3165 (NHCONH); 3300 
(NH,); lH-NMR (DMSO-d,), 6. ppm: 7.10-7.53 (m, 7H, ArH): 
7.63 (br s, 4H, 2 S02NH2); 9.33 (s. lH, Ph-NH); 9.84 (s, lH, 
NH); Anal. CI,H,,N,O&Ct (C, H, N). 

2.3.7. N1-(2,4-Disrclfamoyl-5,6-dichlorophenylia 
21 

White crystals, mp 283-284 “C; IR (KBr), cm-l: 604, 698, 
754, 788, 839, 850, 952, 1076, 1155 (SO+‘m), 1350 (SOZas), 
1515 (amide II), 1724 (CO), 3170 (NHCONH); 3300 (NH,); 
IH-NMR (DMSO-$). 6, ppm: 7.12-7.50 (m, 6H, ArH); 7.58 
(br s, 4H, 2 SO,NH?); 9.39 (s, lH, Ph-NH); 9.88 (s, IH. NH); 
Anal. C,,H,,N,0,S2C12 (C, H, N). 

2.3.8. N’-(2,6-Dichloro-4-sulfamoy~phenyl)-N~~-phenyl-urea 22 
White crystals, mp 244-245 “C; IR (KBr), cm-l: 684, 731, 

778, 853,932, 1046, 1153 (S02s~“‘), 1337 (S02=), 1460, 1515 
(amide II), 1730 (CO), 3180 (NHCONH); 3300 (NH,); 
IH-NMR (DMSO-d,), 6, ppm: 7.06-7.45 (s, 7H, ArH); 7.62 (br 
s, 2H, SO,NH,); 9.33 (s, lH, Ph-NH): 9.49 (s, IH, NH); Anal. 
C,~H,,NKWA CC, K N). 

2.3.9. N~-(2-Sulfonamido-l,3,4-thiadiazol-5-yl)-N~~-phe~~yl-urea 
23 

White crystals, mp 255-257 “C, lit. [51] mp 255-258 “C. IR 
(KBr), cm-l: 760, 1178 (S025Ym), 1343 (SO?as), 1545 (amide 
II), 1585, 1730 (CO), 2820,329O (NHCONH), 3380; ‘H-NMR 
(DMSO-d,), 6, ppm: 7.10-7.80 (m, 5H, ArH); 8.43 (br s, 2H, 
SO,NH,); 9.33 (s, lH, PhNH); 11.65 (br s, lH, NHAr): Anal. 
C&W,W, CC, H, N). 

2.3.10. N~-(4-Sulfamoylphenyl)-N3-3,4-dichlorophenyl-urea 24 
White crystals, mp 260-261 “C; IR (KBr), cm-l: 658, 771, 

790. 832. 875, 989, 1028, 1040, 1141 (S02s?m), 1330 (SO&, 
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1410. 1517 (amide II), 1730 (CO), 3163 (NHCONH); 3300 
(NH,); ‘H-NMR (DMSO-d,). 6. oom: 7.05-7.38 (m. AA’BB’. 
4H, ArH, 1,4-phenylene); 7.39 cd, IH, H-5 of ;,4:dichlorol 
phenyl): 7.55 (br s, 2H, S02NH,); 7.60 (d, IH, H-6 of 3,4- 
dichloroDhenv1): 7.90 (s. IH, H-2 of 3.4-dichloronhenvl): 9.33 
(s, 1 H, &Nd2SChHINH); Id.65 (br s, ‘lH, NHC,i-I,Cl;):‘Anal. 
C,3H,,NJO;SClr (C, H. N). 

2.3. II. N’-(4-Sulfamoylphenylmethyl)-N~-3,4-dichlorophenyl- 
21 rea 25 

White crystals, mp 241-243 “C; IR (KBr). cm-‘: 644, 685, 
840, 882, 930, 985, 1040, 1150 (S02sYm), 1339 (S02=), 1515 
(amide II). 1720 (CO), 3 170 (NHCONH); 33 10 (NH& 
‘H-NMR (DMSO-&), 6, ppm: 4.90 (s, 2H, CONHC’H,); 
7.08-7.41 (m, AA’BB’, 4H, ArH, phenylene); 7.46 (s, 2H, 
S0,NH2) 7.39 (d, IH, H-5 of 3,4-dichlorophenyl); 7.60 (d, lH, 
H-6 of 3,4-dichlorophenyl); 7.89 (s, IH, H-2 of 3,4-dichloro- 
phenyl); 9.30 (s, lH, H,NO$C,H,NH); 10.64 (br s, 1H. 
NHC,H,Cl,); Anal. C,,H,,N,O$Cl, (C. H, N). 

2.3.12. N~-(4-S~tlfamoylphenylethyl)-N~-3,4-dichlorophenyl-urea 
26 

White crystals, mp 254-256 “C. IR (KBr), cm-‘: 714, 889, 
980, 1030, 1085, 1142 (SOZ?m), 1339 (SO,as), 1510 (amide II), 
1730 (CO), 3 178 (NHCONH); 3300 (NH,); ‘H-NMR (DMSO- 
de). 6. ppm: 3.10 (t, 2H, aCH, from the CH,CH? bridge); 3.90 
(t. 2H, PCH, from the CH,CH, bridge); 6.89 (br s, 2H, 
SOZNHJ; 7.05-7.52 (m, AA’BB’, 4H, ArH, phenylene); 7.38 
(d, lH, H-5 of 3,4-dichlorophenyl); 7.60 (d, lH, H-6 of 3,4- 
dichlorophenyl); 7.90 (s, lH, H-2 of 3,4-dichlorophenvl); 9.34 
(s, lH, fi2NC&SC,H,NH); 10.67 (br S, IH, NHC,kI,Cl~); Anal. 
C,,H,,N,QSCl~ CC, K N). 

2.3.13. N~-(3-Sulfamoylphenyl)-N~~-3,4-dichlorophenyl-urea 27 
White crvstals. mn 258-259 “C IR (KBr). cm-‘: 733. 840. 

960, 1040, iO45, 113p (SO?sym), 1343 (SO,asj: 1517 (am& 11); 
1730 (CO), 3 170 (NHCONH); 3330 (NH,); ‘H-NMR (DMSO- 
de), 6, ppm: 7.12 (br s, 2H, + SO,NH,); the signal disappears 
by addition of D,O into the NMR tube; 7.08-7.45 (m. 4H. 
.&H, 1,3-phenylene); 7.39 (d, lH, H-5 of 3,4-dichlorophenyl); 
7.61 (d. 1H. H-6 of 3.4-dichlorouhenvl): 7.90 (s. 1H. H-2 of 
3,4-di‘chlorophenyl); 9.33 (s. lH,LH,~O&,H,Ik$; lb.60 (br 
s, lH, NHC,H,Cl,); Anal. C,,H,,N,O,SCl, (C, H, N). 

2.3.14. N’-(2,4-Disulfamoylphenylj-N3-3,4-dichl~~rophenyl-urea 
28 

White crystals, mp > 300 “C; IR (KBr), cm-‘: 690, 715, 790, 
837, 995, 1017. 1040, 1155 6O,w), 1347 (SO,=), 1515 
(amide II), 1728 (CO), 3165 (NHCONH); 3360 (NH,); 
‘H-NMR (DMSO-d&, 6, ppm: 7.26 (d. 2H, ArH from 2,4- 
disulfamoylphenyl); 7.38 (d, lH, H-5 of 3,4-dichlorophenyl): 
7.50 (s, IH. ArH from 2,4-disulfamoylphenyl); 7.60 (d, IH, 
H-6 of 3.4-dichloronhenvlk 7.68 (br s. 4H. 2 SO,NH,I: 7.90 (s. 
lH, H-2 bf 3,4-dichforopLeky1); 9.43 (s; lH! (H2Nb,S)&H,Nki 
10.75 (br s, lH, NHC,H,CIZ); Anal. C,3H,xN,05S2Cl, (C, H, 
NJ. 

2.3.15. N’-(2,4-Disu[famoyl-6-chlorophenyl)-N3-3,4-dichloro- 
phenyl-urea 29 

White crvstals, mu 292-294 “C: IR (KBr), cm-‘: 657, 750, 
778, 832, 8j7, 945, ‘1015, 1080, 1153 (S02”y”‘), 1346 (SO,=), 
1446. 1520 (amide II). 1696 (CO). 3165 (NHCONH): 3300 
(NH,j; ‘H-N&lR (DMSb-d,), 6, ppk 7.38 (d, lH, H-5,&f 3,4- 
dichlorophenyl); 7.40 (s, lH, ArH from disulfamoyl-chloro- 
phenyl); 7.50 (s, lH, ArH from disulfamoyl-chlorophenyl); 
7.58 (br s, 4H. 2 S0,NH2); 7.64 (d, lH, H-6 of 3,4-dichloro- 

phenyl); 7.90 (s, lH, H-2 of 3,4-dichlorophenyl); 9.39 (s, lH, 
(HZN02S),ClC,H,NH); 10.71 (br s, IH, NHC,H,Cl,): Anal. 
C,~HIZNJ05S2C13 (C, H, N). 

2.3.16. N~-(2,4-Disulfclmoyl-5,6-dichlorophenyl)-N-’-3,4-dichloro- 
phenyl-urea 30 

White crystals, mp > 300 “C; IR (KBr), cm-‘: 654, 702, 754, 
790, 850, 958, 1060, 1156 (SO$Ym), 1360 (SOZ”s), 1515 (amide 
II), 1734 (CO), 3 170 (NHCONH); 3300 (NH,); ‘H-NMR 
(DMSO-d& 6, ppm: 7.38 (d, IH, H-5 of 3,4-dichlorophenyl); 
7.50 (s, lH, ArH from disulfamoyldichlorophenyl); 7.59 
(br s, 4H, 2 SOZNHZ); 7.66 (d, lH, H-6 of 3,4-dichlorophenyl); 
7.99 (s, IH, H-2 of 3,4-dichloroDhenv1): 9.47 (s. 1H. 
(HzNQS)Q&,HNN); 10.76 (br s, i H, kk,H,Cl?)‘; ‘Anal: 
C,~H,,N~O,S~Cl, (C, H, N). 

2.3.17. N~-(2,6-Dichloro-4-s~~lfamoylphenyl)-N~-3,4-dichloro- 
phenyl-urea 31 

White crystals, mp 264-265 “C. IR (KBr), cm-‘: 680, 734, 
798, 880, 902, 1046, 1152 (SOgym), 1336 (SO>=), 1420, 1517 
(amide II), 1730 (CO), 3 180 (NHCONH); 3300 (NH,); 
‘H-NMR (DMSO-d,), 6, ppm: 7.38 (d, lH, H-5 of 3,4-dichlo- 
rophenyl); 7.45 (s, 2H, ArH from 2,6-dichlorophenyl); 7.60 
(br s, 2H, SO,NH,); 7.63 (d, lH, H-6 of 3,4-dichlorophenyl); 
7.90 (s, IH, H-2 of 3,4-dichloronhenvl): 9.30 (s. 1H. 
H2NOZSCl,C,H,NH); 10.69 (br s, iH, kkC,H,Cl,)~ Anal: 
C,,H,N,O,SCl, (C, H, N). 

2.3.18. N~-(2-Sulfonamido-l,3,4-thiadia~ol-5-yl)-N~-3,4- 
dichlorophenyl-urea 32 

White crystals, mp > 300 “C; IR (KBr), cm-‘: 768, 983, 
1176 (SOzVq, 1344 (SO,ac), 1545 (amide II), 1585, 1730 
(CO), 2820, 3290 (NHCONH), 3380; ‘H-NMR (DMSO-d,), 6, 
ppm: 7.38 (d, lH, H-5 of 3,4-dichlorophenyl); 7.63 (d, lH, H-6 
of 3,4-dichlorophenyl); 7.90 (s, lH, H-2 of 3,4-dichloro- 
phenyl); 8.43 (br s, 2H, SO,NH,); 10.48 (br s, lH, 
NHC,H,Cl,); 11.52 (s, 1 H, H,NO,S- 1,3,4-thiadiazole-NH); 
Anal. CYHiN503S2ClZ (C, H, N). 

2.3.19. N’-(4-Sulfamoylphenyl)-N-l-phenyl-thiourea 33 
White crystals, mp 201-203 “C, the compound is mentioned 

by Roth and Degering [45], but without physico-chemical/ 
biochemical characterization; lit. [45] mp 190-191 “C. IR 
(KBr), cm-‘: 725 830, 864, 993, 1043 (thioamide III), 1146 
(SO,V% 1327 (SO+), 1410, 1539 (thioamide I), 3289 
(NHkSNH), 3306 (NH,); ‘H-NMR (DMSO-d,), 6, ppm: 6.70 
and 6.94 (br s. 2H. NHCSNH): 7.20-7.80 cm. 9H. ArH. 1.4- 
phenylene‘ + +h); j.55 (br s.’ k!H, SO>NH;):’ the ‘last signal 
disapears by addition of D,O into the NMR tube. Anal. 
C,,H,,N,O,S, (C, H, N). 

2.3.20. Nl-(4-Sulfamoylphenylmethyl)-N3-phenyl-thiourea 34 
White crystals, mp 218-220 “C, IR (KBr), cm-‘: 638, 671, 

931, 983, 1040 (thioamide III), 1150 (S02sYm), 1332 (SO?as), 
1430, 1539 (thioamide I), 3289 (NHCSNH), 3320 (NH,); 
‘H-NMR (DMSO-d,), 6, ppm: 4.90 (s, 2H, CONHCH,); 6.87 
and 6.93 (br s, 2H, NHCSNH); 7.21-7.80 (m, 9H, ArH, pheny- 
lene + Ph); 7.46 (s, 2H, SO,NH& the last signal disappears by 
addition of D,O into the NMR tube. Anal. C,,H,,N,O,S, 

- 
,- . . . ., _ . 

(C. H, N). 

2.3.21. Nl-(4-Sulfamoylphenylethyl)-N3-phenyl-thiourea 35 
White crystals, mp 189-181 “C, IR (KBr), cm-‘: 653, 884, 

1037 (thioamide III), 1139 (SOZsym), 1339 (SO,as), 1430, 1539 
(thioamide I), 3295 (NHCSNH), 3330 (NH,); ‘H-NMR 
(DMSO-de), 6, ppm: 3.10 (t. 2H, c&H, from the CH,CH, 
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bridge); 3.90 (t. 2H, PCH, from the CH2CH2 bridge): 6.90 
and 6.95 (br s, 2H, NHCSNH); 7.15-7.76 (m. 9H, ArH, 
phenylene + Ph); 7.45 (br s, 2H, SO,NH,) the last signal disa- 
pears by addition of D,O into the NMR tube. Anal. 
C,,H,,N,O,S> (‘2, H. N). 

2.3.22. NI-(3-Sulfamoylphenylj-NJ-phenyl-thiourea 36 
White crystals, mp 2OCk202 “C IR (KBr), cm-l: 621, 840, 

1020 (thioamide III), 1134 (SO+nl), 1343 (SOza’), 1438, 1543 
(thioamide I), 3295 (NHCSNH), 3350 (NH& IH-NMR 
(DMSO-d,), 6. ppm: 6.90 and 6.96 (br s, 2H, NHCSNH): 
7.18-7.81 (m, 9H, ArH. 1,3-phenylene + Ph); 7.72 (br s, 2H, + 
SOZNH,); the last signal disappears by addition of D,O into the 
NMR tube; Anal. C,,H,,N,O& (C. H. N). 

2.3.23. NI-(2,4-Disulfamoylphenyl)-N-g-phenyl-thiourea 37 
White crvstals. mu 228-229 “C; IR (KBr). cm-l: 669. 795. 

817, 863, iO30 (thioamide III), 1155 (SO,sym), 1345 
3295 (NHCSNHX 

(SO,as). 
1438. 1541 (thioamide I). 3330 (NH,): 
IH-GMR (DkSO-de), G,‘~ppm: 6.‘75 and 6142 (br 5, 2i$ 
NHCSNH); 7.20-7.80 (m. 8H, ArH); 7.60 (br s, 4H, 2 
SO,NH,); the last signal disappears by addition of DzO into the 
NMR tube; Anal. C,,H N 0 S (C, H, N). I.5 4 4 3 

2.324. N’-(2,4-Disulfamoyl-6-chlorophe~~yl)-N-~-phenyl-t~~iourea 
38 

White crystals, mp 221-224 “C; IR (KBr), cm-l: 657, 750, 
877, 956, 1015, 1040 (thioamide III), 1153 (SOzw). 1346 
(S02a5), 1446, 1547 (thioamide I), 3290 (NHCSNH), 3360 
(NH,); IH-NMR (DMSO-d,), 6, ppm: 6.77 and 6.86 (br s, 2H, 
NHCSNH): 7.20-7.75 (m. 7H. ArHk 7.58 (br s. 4H. 2 
SO,NH,); ke last signal &&ppe&s by &dition o‘f D,d into the 
NMR tube; Anal. C,,H N 0 S Cl (C, H, N). 15 4 4 3 

2.3.25. Nl-(2,4-Disulfamoyl-5,Cdichloro phenyl)-N3-phenyl- 
thiourea 39 

White crystals, mp 236-238 “C; IR (KBr), cm-l: 604, 698, 
788, 839, 952, 1030 (thioamide III), 1155 (SO$Y”$ 1350 
(SOZas), 1443, 1547 (thioamide I), 3295 (NHCSNH). 3330 
(NH,); IH-NMR (DMSO-d,), 6, ppm: 6.82 and 6.90 (br s, 2H, 
NHCSNH); 7.20-7.70 (m, 6H, ArH); 7.59 (br s. 4H, 2 
SO,NH,); the last signal disappears by addition of D20 into the 
NMR tube; Anal. C,3H,4N404S3C12 (C, H, N). 

2.3.26. N’-(2,6-Dichloro-4-sulfamoylphenyl)-N3-phenyl-thiourea 
40 

White crvstals, rnp 130-133 “C; IR (KBr), cm-l: 734, 798, 
880, 1038 cthioamidk III), 1155 (S02w), 1330 (SO?ab), 1420. 
1540 lthioamide I). 3295 (NHCSNH). 3330 (NH,): IH-NMR 
(DMSb-d,), 6, ppm: 6.68‘ and 6.89”(br s, ‘H, %HCSNH): 
7.18-7.75 (m, 7H, ArH); 7.60 (br s, 2H, SO,NH& the last 
signal disappears by addition of DzO into the NMR tube; Anal. 
C,,H N 0 S Cl, (C, H, N). II 3 2 2 

2.3.27. N~-(2-Sulfonamido-1,3,4-thiadia~ol-5-yl)-N-~-phenyl- 
thiourea 41 

White crystals, mp 154-156 “C; IR (KBr). cm-l: 721, 886, 
1030 (thioamide III), 1175 (SOZSYm), 1343 (SO,as), 1420, 1438, 
1541 (thioamide I). 1640 (C=N), 3295 (NHCSNH); IH-NMR 
(DMSb-d,), 6, pim: 7.1517.68’(m, 5H,‘ ArH); 7.88 and 8.09 
(br s. 2H. NHCSNHk 8.43 (br s. 2H. SO,NH,k this signal \~~ , 
disappears by addition of &O ikto ;he kMg tube: kkal. 
C&,N,O,S, CC, H, N). 

2.3.28. N’-(4-Sulfamoylphenyl)-Nj-allyl-thiourea 42 
White crystals, mp 191-193 “C, lit [45] mp 189-190 “C. IR 

(KBr), cm-l: 659, 810, 864, 989, 1028, 1040 (thioamide III), 

1146 (S02w), 1325 (SO,as), 1410. 1547 (thioamide I), 3298 
(NHCSNH), 3360 (NH,); IH-NMR (DMSO-$). 6, ppm: 
4.454.60 (m, 2H. CSNHCHZ); 5.60-5.97 (m, 3H. CH=CH,): 
6.70 and 6.82 (br s, 2H, NHCSNH): 7.05-7.46 (m, AA’BB’. 
4H, ArH, 1.4-phenylene); 7.55 (br s, 2H, SO,NH,); the last 
signal disappears by addition of DZO into the NMR tube; Anal. 
C,,H,,N,O,S, CC, H. N). 

2.3.29. N’-(4-Su~~~mlmoylphenylmethyl)-N~~-all~l-thiou~-ea 43 
White crystals, mp 167-169 “C, IR (KBr), cm-l: 638, 888. 

937, 983, 1030 (thioamide III), 1150 (SO+I”), 1332 (SOz”‘), 
1540 (thioamide I), 3294 (NHCSNH), 3330 (NH,); IH-NMR 
(DMSO-&), 6, ppm: 4.45-4.60 (m, 2H, CSNHCH, from ally]): 
4.90 (s, 2H, CSNHCHz from phenylmethyl): 5.60-5.97 (m, 3H. 
CH=CH,); 6.87 and 6.95 (br s, 2H, NHCSNH): 7.08-7.53 (m. 
AA’BB’. 4H. ArH, phenylene): 7.46 (s. 2H. SO,NH?); the last 
signal disappears by addition of D,O into the NMR tube; Anal. 
C,,H,$W& CC, K N. 

2.3.30. Ni-(4-Su~amo~~~~~henylethyl)-N-‘-ullyl-thi~~~~rea 44 
White crystals, mp 144-146 “C, IR (KBr), cm-l: 653, 884, 

1035 (thioamide III), 1080. 1139 (SOZw), 1338 (SOza”), 1415 
1547 (thioamide I), 3298 (NHCSNH), 3350 (NH,); IH-NMR 
(DMSO-d,), 6, ppm: 3.10 (t. 2H, aCH, from the CHXH, 
bridge); 3.90 (t, %I, PCH, from the CH,Cfl? bridge); 4.452.66 
cm. 2H. CSNHCH, from allvl): 5.60-5.97 (m. 3H. CH=CH,): 
6.90 and 6.96 (brs, 2H, NfIkNH); 7.05-7.&O (m. AA’BB’; 
4H, ArH, phenylene); 7.85 (br s, 2H, SO?NH,); the last signal 
disappears by addition of D,O into the NMR tube: Anal. 
C,,H,:N,O,S, CC, H, NJ. 

2.3.31. Nl-(3-Sulfamoylphenylj-N-T-allyl-thiourea 45 
White crystals, mp 159-161 “C IR (KBr), cm-l: 621, 739, 

840, 975, 1045 (thioamide III), 1134 (S02aYm), 1333 (SO,;l,), 
1545 (thioamide I). 3290 (NHCSNH). 3330 (NH,): IH-NMR 
(DMSO-d,), 6, ppk: 4.454.60 (m, 2& CSNH’CHzy; 5.60-5.97 
(m. 3H. CH=CH,): 6.69 and 6.90 (br s. 2H. NHCSNH): 7.12 
{bras, 2& + SO,&,): the signal dis’appears dy addition & DzO 
into the NMR tube; 7.08-7.59 (m, 4H, ArH, l$phenylene). 
Anal. CIOH,3N302S2 (C, H, N). 

2.3.32. Nl-(2,4-Disulfamoylphenyl)-N3-allyl-thio&ea 46 
White crystals, mp 218-219 “C; IR (KBr), cm-l: 629, 713, 

827, 863, 991, 1043 (thioamide III), 1155 (SOzsYm), 1342 
(SO,as), 1414, 1540 (thioamide I), 3295 (NHCSNH), 3325 
(NH& IH-NMR (DMSO-$), 6, ppm: 4.45-4.60 (m, 2H. 
CSNHCH,); 5.60-5.97 (m, 3H, CH=CH,); 6.75 and 6.88 (br s, 
2H, NHCSNH); 7.26 (d, 2H, ArH); 7.50 (s. lH, ArH); 7.60 (br 
s. 4H, 2 SO,NH,); the last signal disappears by addition of D20 
into the NMR tube; Anal. C,,,H,,N,O,S, (C, H, N). 

2.3.33. N’-(2,4-Disu~amoyl-6-chlorophenyl)-N-~-allyl-thiourea 
47 

White crystals, mp 225-227 “C; IR (KBr), cm-l: 657, 778, 
832, 945, 1040 (thioamide III), 1153 (S02w), 1346 (Sops), 
1446, 1548 (thioamide I), 3290 (NHCSNH), 3340 (NH?); 
IH-NMR (DMSO-d& 6, ppm: 4.45-4.60 (m. 2H, CSNHCHZ); 
5.60-5.97 (m. 3H. CH=CH,): 6.77 and 6.90 (br s. 2H. 
NHCSNH):‘7.40 (s, lH, ArHji’7.53 (s, lH, ArH):‘7.66 (br s, 
4H, 2 S02NHZ); the last signal disappears by addition of D,O 
into the NMR tube; Anal. CIOHIIN~O&CI (C, H, N). 

2.3.34. Nl-(2,4-Disulfamoyl-5,Gdichloro phenyl)-N-T-allyl- 
thiourea 48 

White crystals, mp 231-234 “C; IR (KBr), cm-l: 698, 754, 
8.50, 952, 1044 (thioamide III), 1155 (S02w), 1350 (SO,as). 
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1547 (thioamide I), 3290 (NHCSNH), 3325 (NH,); tH-NMR 
(DMSO-d,), 6, ppm: 4.454.60 (m, 2H, CSNHCH;); 5.60-5.97 
(m. 3H. CH=CH,): 6.82 and 7.00 (br s. 2H. NHCSNH): 7.50 
(s, lH, ArH); 7.58’(br s, 4H, 2 SO*‘NH,); the last signal’disap- 
pears by addition of DzO into the NMR tube; Anal. 
C,,,H,,N,O,Wl, CC, H, N). 

2.3.35. N’-(2,6-Dichloro-4-sulfamoylphenyl)-N3-phenyl-thiourea 
49 

White ctystals, mp 198-200 “C; IR (KBr). cm-t: 680, 734, 
880, 902, 1040 (thioamide III), 1155 (S02w), 1330 (S02as), 
1420. 1547 (thioamide I). 3298 (NHCSNH). 3350 (NH,): 
tH-NMR (D&O-&), 6, pim: 4.452.60 (m, 2H, CSNHCH;): 
5.60-5.97 (m, 3H,- CHLCH,); 6.68 and 6.87 (br s, 2H, 
NHCSNH): 7.45 (s. 2H. ArH): 7.60 (br s. 2H. SO,NH,): the 
last signaldisappears by addition of D,O into the NMR’tube; 
Anal. C,,H,,N,O&Cl, (C, H, N). 

2.3.36. N~-(2-Sulfonamido-l,3,4-thiadiazoL-5-yl)-N~-allyl-thiourea 
50 

White crystals, mp 212-213 “C; IR (KBr), cm-t: 680, 1038 
(thioamide III), 1145 (S~$Y*), 1370 (SO,as), 1547 (thioamide 
I), 1640 (C=N); 3298 (NHCSNH); ‘H-NMR (DMSO-d,), 6, 
ppm: 4.45-4.60 (m, 2H, CSNHCH,); 5.60-5.97 (m, 3H, 
CH=CH,); 8.45 (br s 2H, SO?NH,); the last signal disappears 
by addition of D20 into the NMR tube; Anal, C,H,N,O,S, 
CC, H, N). 

2.3.37. N’-(4-Sulfamoylphenyl)-N5-3,4-dichlorophenyl-2-thio- 
biuret 61 

White crystals, mp < 300 “C; IR (KBr), cm-t: 615, 775, 790, 
832, 875,989, 1028, 1043 (thioamide III), 1141 (S02sym), 1330 
(S02as), 1410, 1510 (amide II), 1539 (thioamide I); 1738 (CO), 
3160 (NHCONHCSNH); 3350 (NH,); IH-NMR (DMSO-d,), 6, 
ppm: 7.05-7.40 (m, AA’BB’, 4H, ArH, 1,4-phenylene); 7.39 (d, 
lH, H-5 of 3,4-dichlorophenyl); 7.59 (br s, 2H, SO,NH,); 7.68 
(d, lH, H-6 of 3,4-dichlorophenyl); 7.90 (s, lH, H-2 of 3,4- 
dichlorophenyl); 8.62 (s, lH, CONHCS); 9.35 (s, lH, 
H,N0,SC6H,NH); 10.62 (br s, lH, NHC,H,Cl,); Anal. 
C,,H,,N,O&A (C, H, NJ. 

2.3.38. N~-(4-Sulfamo~l~hen~lmeth~C~-N~-3,4-dichlorophen);l- 
I  _. _ 

2-thiobiuret 62 
White crystals, mp > 300 “C; IR (KBr), cm-t: 640,710, 850, 

882. 930. 985. 1040 (thioamide III), 1152 (SOFm), 1342 
(SO?as), 1515 (amide II), 1539 (thioamide I), 1725 (CO), 3170 
(NHCONHCSNH); 3360 (NH,); tH-NMR (DMSO-d,), 6, 
ppm: 4.90 (s, 2H, CONHCH,); 7.08-7.45 (m, AA’BB’, 4H, 
ArH, phenylene); 7.39 (d, lH, H-5 of 3,4-dichlorophenyl); 7.52 
(s, 2H, SO,NH,); 7.60 (d, 1H. H-6 of 3,4-dichlorophenyl); 7.89 
(s, IH, H-2 of 3,4-dichlorophenyl); 8.60 (s, IH, CONHCS); 
9.30 (s, lH, H,NO,SC,H,NH); 10.64 (br s, lH, NHC,H,Cl,); 
Anal. C,bH,6NJ03S2C1z (C, H, N). 

2.3.39. N’-(4-Sulfamoylphenylethyl)-N5-3,4-dichlorophenyl-2- 
thiobiuret 63 

White crystals, mp 298-303 “C. IR (KBr), cm-t: 625, 894, 
950, 1030, 1045 (thioamide III), 1085, 1145 (SOPm), 1333 
(SO,as), 1510 (amide II), 1541 (thioamide I), 1730 (CO), 3178 
(NHCONHCS); 3360 (NH,); tH-NMR (DMSO-d,), 6, pm: 
3.10 (t, 2H, aCH, from the CHZCHz bridge); 3.90 (t, 2H, B CH, 
from the CH,CH2 bridge); 6.94 (br s, 2H, SO,NH,); 7.05-7.45 
(m, AA’BB’, 4H, ArH, phenylene); 7.38 (d, lH, H-5 of 
3,4--dichlorophenyl); 7.60 (d, lH, H-6 of 3,4-dichlorophenyl); 
7.90 (s, IH, H-2 of 3,4-dichlorophenyl); 8.65 (s, lH, 
CONIES); 9.32 (s, lH, H,NO,SC,H,NH); 10.60 (br s, lH, 
NHC,H,Cl,); Anal. C,,H,,N,O&Cl, (C. H, N). 

2.3.40. N’-(3-Sulfamoylphenyl)-N5-3,4-dichlorophenyl-2-thio- 
biuret 64 

White crystals, mp > 300 “C IR (KBr), cm-t: 752. 864, 980, 
1040 (thioamide III), 1 I39 (S02w), 1340 (SO,as), 15 17 (amide 
II), 1540 (thioamide I), 1733 (CO), 3160 (NHCONHCSNH); 
3330 (NH,); tH-NMR (DMSO-d,), 6, ppm: 7.12 (br s, 2H, + 
SO,NH,); the signal disappears by addition of D,O into the 
NMR tube; 7.08L7.44 (m;‘4H, ArH, 1,3-phenylene); 7.39 (d, 
1H. H-5 of 3.4-dichlorouhenvl): 7.64 (d. 1H. H-6 of 3.4-dichlo- 
rophenyl); 7.90 (s, lH, H-2 of 3,4-dichlorophenyl); 8.66 (s, lH, 
CONHCS); 9.33 (s, IH, H2N0,SC,H,NH); 10.62 (br s, IH, 
NHC,H,Cl,); Anal. C,5H N 0 S 14 4 3 2 Cl, (C, H, N). 

2.3.41. NI-(2,4-Disulfamoylphenyl)-N5-3,4-dichlorophenyl-2- 
thiobiuret 65 

White crystals, mp > 300 “C; IR (KBr), cm-i: 643, 759, 790, 
875, 995, 1017, 1040 (thioamide III), 1150 (S02w), 1349 
(S02as), 1515 (amide II), 1540 (thioamide I), 1730 (CO), 3165 
(NHCONHCSNH); 3350 (NH,); ‘H-NMR (DMSO-d,), 6, 
ppm: 7.26 (d, 2H, ArH from 2,4-disulfamoylphenyl); 7.40 (d, 
lH, H-5 of 3,4-dichlorophenyl); 7.53 (s, IH, ArH from 2,4- 
disulfamoylphenyl); 7.60 (d, lH, H-6 of 3,4-dichlorophenyl); 
7.73 (br s, 4H, 2 SO,NH,); 7.90 (s, lH, H-2 of 3,4-dichlorophe- 
nyl); 8.70 (s, lH, CONHCS); 9.40 (s, lH, (H,NO,S),C,H,NH); 
10.75 (br s, 1 H, NHC6H,Cl,); Anal. C,4H,3N505S3C12 
CC, H, N). 

2.3.42. N~-(2,4-Disulfamoyl-6-chlorophenyl)-N~-3,4-dichloro- 
phenyl-2-thiobiuret 66 

White crystals, mp > 300 “C; IR (KBr), cm-t: 67 1, 759, 780, 
873, 945, 1015, 1040 (thioamide III), 1150 (S02w), 1347 
(SO,as), 1446, 1520 (amide II), 1540 (thioamide I), 1705 (CO), 
3165 (NHCONHCSNH): 3350 (NH,); tH-NMR (DMSO-d,), 6, 
ppm: 7.39 (d, lH, H-5 of 3,4-dichlo&phenyl); 7.44 (s, lH, “ArH 
from disulfamovl-chloronhenvl): 7.53 (s. 1H. ArH from 
disulfamovl-chloronhenvlj; 7.66 ‘(br s, 4H: 2 S&NH,); 7.64 
(d, lH, H-6 of 3,4-dkhlorophenyl); 7.90 (s, iH, H-2 of 
3.4-dichloronhenvl): 8.64 Is. 1H. CONHCS): 9.39 (s. 1H. 
&NO,S),CiC,H;NH); 10.78 (br ‘s, lH, Nk.$H,Cl,); Anal. 
C,&WsOsS~Cl~ CC, H, N. 

2.3.43. N1-(2,4-Disulfamoyl-5,6-dichlorophenyl)-N5-3,4-dichloro- 
phenyl-2-thiobiuret 67 

White crystals, mp > 300 “C; IR (KBr), cm-l: 710, 781, 830, 
958, 1040 (thioamide III), 1155 (SO,w), 1360 (SO,as), 1515 
(amide II), 1540 (thioamide I), 1730 (CO), 3160 
(NHCONHCSNH); 3340 (NH,); tH-NMR (DMSO-d’,), 6, 
ppm: 7.39 (d, lH, H-5 of 3,4-dichlorophenyl); 7.50 (s, lH, ArH 
from disulfamoyldichlorophenyl); 7.61 (br s, 4H, 2 SO*NH,); 
7.68 (d, lH, H-6 of 3,4-dichlorophenyl); 7.95 (s, IH, H-2 of 
3,4-dichlorophenyl); 8.68 (s, lH, CONHCS); 9.47 (s, lH, 
(H,N0,S)2C12C6HNH); 10.70 (br s, lH, NHC,H,Cl,); Anal. 
Cd& ,NsOsS~Cl~ CC, H, N). 

2.3.44. Ni-(2,6-Dichloro-4-sulfamoylphenyl)-N5-3,4-dichloro- 
phenyl-2-thiobiuret 68 

White crystals, mp > 300 “C. IR (KBr), cm-t: 655, 739, 786, 
843, 902, 1042 (thioamide III), 1158 (S02w), 1341 (SO& 
1420, 1517 (amide II). 1540 (thioamide I), 1733 (CO), 3160 
(NHCONHCSNH); 3330 (NH,); ‘H-NMR (DMSO-d,), 6, 
ppm: 7.37 (d, lH, H-5 of 3,4-dichlorophenyl); 7.45 (s, 2H, 
ArH from 2,6-dichlorophenyl); 7.60 (br s, 2H, SO,NH,); 7.68 
(d, lH, H-6 of 3,4-dichlorophenyl); 7.91 (s, lH, H-2 of 
3,4-dichlorophenyl); 8.67 (s, lH, CONHCS); 9.39 (s, lH, 
H,N02SCl,C,H2NH); 10.68 (br s, IH, NHC,H$&); Anal. 
C,,H,,WW,Cl, CC, H, N). 
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2.3.45. Nl-(2-Sulfonamide-1,3.4-thiadiazol-5-v[)- 
phenyl-2-&Cob&et 69 

_ 

White crystals, mp > 300 “C; IR (KBr), cm-l: 685, 780, 935, 
1044 (thioamide III), 1175 (SO,sym). 1344 (SOP). 1545 (amide 
II), (550 (thioamide I),’ 1585, 1730 ‘(Co),’ 2810,’ 3290 
<NHCONHCSNH\. 3360: IH-NMR CDMSO-d&X 6. DDlll: 7.35 
(d, lH, H-5 of 3,2-dichlorophenyl); -7.63 (d, iii, G-6 of 3,4- 
dichlorophenyl); 7.91 (s, lH, H-2 of 3,4-dichlorophenyl); 8.43 
(br s, 2H, SO,NH,); 10.12 (s, lH, CONHCS); 10.40 (br s, lH, 
NHC6H3C1,); 11.56 (s, lH, H,NO>S-1,3,4-thiadiazole-NH); 
Anal. CIOH,N,O,S,C1, (C, H, N). 

2.4. Reaction of 5-imino-4-methyl-2-sulfonamido-8-1,3,4-thia- 
diazoline 70 with 3,4-dichlorophenyl isocyanate 60 

An amount of 0.49 g (5 mM) of 70 was suspended in 50 mL 
of anhydrous acetonitrile or THF and the required amount 
(0.95 g = 10 mM) of 3,4-dichlorophenyl isocyanate 60, 
dissolved in 10 mL of the same solvent was added under argon. 
The experiment has been done with or without catalyst (triethy- 
lamine, 100 pL), leading basically to the same results. The 
reaction mixture was refluxed for 5-10 h, the solvent has been 
evaporated in vacua and the obtained oil was recrystallized 
from acetone-water (1:2, v/v). Only 1,3-bis(3,4-dichlorophe- 
nyl)urea 74 could be isolated with a yield of 37-40 %. White 
crystals, mp 285-289 “C; IH-NMR (DMSO-d,), 6, ppm: 7.40 
(d, IH, H-5 of 3,4-dichlorophenyl); 7.62 (d, lH, H-6 of 3,4- 
dichlorophenyl); 7.90 (s, lH, H-2 of 3,4-dichlorophenyl); 9.33 
(s, 2H, NHCONH); ‘XC-NMR (DMSO-d,), 6, ppm: 118.1; 
119.6; 123.8; 129.8; 130.1; 131.6; 139.8; 152.6 (C=O); MS: 
355 (M + 5); 353 (M + 3); 351 (100%; MH+); 349 (80%; 
M - 2); 348 (5%; M - 3); 315 (23%; M - Cl); 281 (15%; M - 
2Cl). 

2.5. Pharmacology 

Initial rates of 4-nitrophenyl acetate hydrolysis catalysed by 
different CA isozymes were monitored spectrophotome&cally, 
at 400 nm. with a Carv 3 instrument interfaced with an IBM 
compatible PC [46]. S&strate solutions were prepared in anhy- 
drous acetonitrile; the substrate concentrations varied between 
2 x l&2 and 1 x 1V M, working at 25 “C. A molar absorption 
coefficient E of 18400 M-1 cm-1 was used for the 4-nitropheno- 
late formed by hydrolysis, under experiment conditions 
CDH 7.40) as reDorted in the literature 1461. Non-enzymatic 
hydrolysis rates I were always subtracted frbm the odserved 
rates. Duplicate experiments were done for each inhibitor 
concentration, and the values reported throughout the paper are 
the means of such results. Stock inhibitor solutions (1 mM) 
were prepared in distilled+leionized water with lO-20% (v/v) 
DMSO (which is not inhibitory at these concentrations [4]) and 
dilutions up to 0.01 nM were done thereafter with distilled- 
deionized water. Inhibitor and enzyme solutions were pre- 
incubated 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 K, was determined as described by 
Packer and Stone [46]. Enzyme concentrations were 3 nM for 
hCA II, 12 nM for hCA I and 39 nM for bCA IV (this isozyme 
has a decreased esterase activity [47] and higher concentrations 
had to be used for the measurements). 

3. Results 

Reaction of aromatic/heterocyclic sulfonamides 6- 
14, containing a free amino group, with phenyl 
isocyanate, 3,4-dichlorophenyl isocyanate, phenyl 

isothiocyanate and ally1 isothiocyanate afforded the 
substituted-urea/thiourea derivatives 15-50 (table I) 
(seejigure 2). 

Reaction of thioureido-containing sulfonamides 
51-59 with 3,bdichloro-phenyl isocyanate 60 afforded 
the new 1,5-disubstituted-2-thio-biurets 61-69 (table II). 

Compounds 15-50 and 61-69 were characterized 
by standard chemical and physical methods that 
confirmed their structure (see Experimental protocols 
for details) and were assayed for the inhibition of 
isozymes hCA I, hCA II and bCA IV (tables I and Zr). 
Inhibition data against the three isozymes with stan- 
dard CA inhibitors are shown in table III. 

4. Discussion 

4.1. Chemistry 

Reactions of alkyl/aryl-isocyanates and isothiocya- 
nates with active hydrogen compounds, and especially 
with amines [48, 491 have been thoroughly inves- 
tigated due to the applications of such derivatives in 
the field of polymers [48], insecticides 148, 491 or 
pharmacological agents [35, 501. Their reactions with 
aromatic sulfonamides containing free amino groups 
have also been investigated in the search for more 
effective antibacterial agents [35, 47, 501. Thus, Nl- 
(4-sulfamoylphenyl)-N3-phenyl-urea 15, as well as the 
corresponding thiourea 33 and the allyl-substituted 
compound 42 have been reported by Roth and 
Degering [45], these compounds acting as effective 
antibacterial agents. In the heterocyclic series, only 
recently Katritzky’s group [51, 521 investigated the 
reaction of 5-amino- 1,3,4-thiadiazole-2-sulfonamide 
14 and of 5-imino-4-methyl-2-sulfonamido&- 1,3,4- 
thiadiazoline 70 with alkyl/aryl isocyanates/isothio- 
cyanates, in the search for topically effective antiglau- 
coma sulfonamide CA inhibitors. We have also 
recently investigated the reaction of aromatic sulfona- 
mides containing amino moieties, such as 614, with 
inorganic cyanate (NCO-) and thiocyanate (SCN-), 
obtaining a large series of sulfonamides possessing 
ureido and thioureido groups, which showed very 
good CA inhibitory properties [l] (seefigure 3). 

The high affinity of some of the previously reported 
ureido/thioureido-sulfonamides of type 71, 72 [ 11 
for isozyme hCA I prompted us to investigate the 
synthesis and CA inhibitory properties of novel types 
of such derivatives, possessing bulkier groups as 
substituents of the N-l atom of the ureido/thioureido 
moiety. Based on recent QSAR calculations on 
heterocyclic/aromatic sulfonamides possessing CA 
inhibitory properties, it was documented that the 
longer the molecule of the inhibitor on one of its axes, 
the stronger also its affinity for the enzyme [26, 53, 
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Table I. Biological activity data of sulfonamide CA inhibi- 
tors 6-50 prepared in the present study (K1 - s, the mean of 
two different assays, was obtained by the esterasic method 
of Packer and Stone [46]). 

Compound 6 (nM) 

6~ 
7d 
se 
9f 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

2800 300 
2500 170 
2100 180 
2500 240 
1700 110 
840 75 
900 100 
1700 220 
860 60 
1200 240 
800 105 
430 75 
1.500 150 
620 25 
900 100 
650 29 
180 62 
5 4 
20 9 
12 7 
12 13 
10 8 
42 37 
47 10 
49 10 
18 20 
3 6 
410 19 
266 12 
50 53 
340 60 
100 110 
55 74 
60 85 
17 32 
4 12 
400 130 
300 90 
95 80 
360 250 
220 90 
72 58 
28 30 
10 18 
6 9 

3000 
2800 
2450 
2200 
240 
160 
340 
1200 
540 
460 
140 
150 
210 
45 
230 
74 
75 
7 
10 
10 
20 
11 
40 
40 
21 
24 
8 
24 
16 
70 
120 
170 
109 
124 
41 
25 
170 
140 
105 
390 
100 
89 
64 
35 
28 

aHuman (cloned) isozyme; bisolated from bovine lung 
microsomes; csulfanilamide; dhomosulfanilamide; ep-amino- 
ethylbenzene sulfonamide; fmetanilamide. 

hCA I” hCA IIa bCA IVb 

541. Thus. phenyl, 3,4-dichlorophenyl and ally1 moie- 
ties were attached at this end of the molecule. 
Reaction of sulfonamides 6-14 with phenyl isocya- 
nate, 3,4-dichlorophenyl isocyanate, phenyl isothio- 
cyanate and ally1 isothiocyanate afforded the substi- 
tuted urea/thiourea derivatives 15-50 (table I). 
Mention should be made that even if Katritzky et al. 
[5 l] reported that the reaction of 5-amino-1,3,4-thia- 
diazole-2-sulfonamide with alkyl or aryl isothiocya- 
nates did not lead to the corresponding thioureas, in 
our case we were able to prepare two such derivatives, 
41 and 50. The reaction of the aromatic sulfonamides 
6-13 on the other hand with isocyanates or isothio- 
cyanated occurred without problems [45]. 

As it is documented that isocyanates/isothiocya- 
nates also react with amides, imides, urea or thiourea 
derivatives [48-50, 55, 561, we investigated the reac- 
tion of 3,4-dichlorophenyl isocyanate 60 with the 
thioureido-substituted sulfonamides 51-59 (figure 4). 
This was primarily due to the fact that this isocyanate 
generally led to the strongest hCA I inhibitors in the 
series investigated by us here (see later in the text). 
The prepared 1,5-disubstituted-2-thiobiurets 61-69 
were indeed among the strongest CA inhibitors in the 
series of synthesized compounds (see later in the text). 

An unexpected finding also emerged during these 
experiments. The reaction of 5-imino-4-methyl-2- 
sulfonamido-62- 1,3,4-thiadiazoline 70 with 3,4-dichloro- 
phenyl isocyanate 60 has been investigated, in order 
to prepare the derivative 73 (figure 5), as it is docu- 
mented that sulfonamides derived from this ring 
system behave as very potent CA inhibitors and also 
possess an increased lipophilicity, making them inter- 
esting candidates for certain pharmacological investi- 
gations [4, 52, 571. 

To our greatest surprise, the only compound that 
was isolated from the above-mentioned reaction 
mixture was 1,3-bis(3,4-dichlorophenyl)urea 74, which 
has been unambiguously characterized by means of 
IH-NMR, W-NMR spectroscopy and MS data (see 
Experimental protocols for details). The only explana- 
tion we propose for this anomaly is the following: it 
has been reported [58] that symmetrical carbodiimides 
75 can be prepared from isocyanates by a dispropor- 
tionation reaction, in the presence of suitable cata- 
lysts, such as the phospholene-oxide 76 or the phos- 
pholane-oxide 77 (figure 6). Considering that 5-imino- 
4-methyl-2-sulfonamido-&‘- 1,3,4-thiadiazoline 70 may 
act as such a catalyst, it is probable that the carbodi- 
imide 75 (R = 3,4-dichlorophenyl) is the oily interme- 
diate separated after the reaction, which when recrys- 
tallized in aqueous solvents by reaction with water 
leads to the symmetrical urea derivative 74. Thus, it 
seems that 5-imino-4-methyl-2-sulfonamido-@- 1,3,4- 
thiadiazoline may act as a very good catalyst for the 
transformation of isocyanates into carbodiimides 
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S02NH2 

b 0 NHR 

6:n=O,R=H 9:R=H lO:X=Y=R=H 
7:n=l,R=H ll:X=R=H,Y=Cl 
8:n=2,R=H 12:X=Y=Cl,R=H 

lS:n=O,R=CONHPh 
16:n=l,R=CONHPh 
l7.n=2,R=CONHPh 

18: R = CONHPh 19:X=Y=H,R=CONHF’h 
20:X=H,Y=Cl,R=CONHPh 
21:X=Y=Cl,R=CONHPh 

24: n = 0, R = CONH-3,4-C&Clzt7: R = CONH-3,4-C&C& 
25: n = 1, R = CONH-3,4-C&C12 
26: n = 2, R = CONH-3,4-&H& 

28: X = Y = H, R = CONH-3,4-C&Cl2 
29: X = H, Y = Cl, R = CONH-3,4-C&Clz 
30: X = Y = Cl, R = CONH-3,4-C&l+& 

33:n=O,R=CSNHPh 
34:n=l,R=CSNHF’h 
JS:n=2,R=CSNHPh 

36: R = CSNHPh 37:X=Y=H,R=CSNHE’h 
38:X=H,Y=Cl,R=CSNHPh 
39:X=Y=Cl,R=CSNHPh 

42: n = 0, R = CSNHAl 45: R = CSNHAI 
43: n= l,R=CSNHAl 
44:n=2,R=CSNHAl 

46:X=Y=H,R=CSNHAl 
47:X=H,Y=CI,R=CSNHAI 
48:X=Y=Cl,R=CSNHAI 

S02NH2 

Cl 0 4 Cl 

13:R=H 
22: R = CONHPh 
31: R = CONH-3,4-C&C12 
40: R = CSNHF’h 
49: R = CSNHAl 

9 

Al = -CHrCH=CHz, 3,4-C&Cl2 = 

Figure 2. 

Table II. Biological activity data of sulfonamides 61-69 
prepared in the present study (K, - s, the mean of two diffe- 
rent assays, was obtained by the esterasic method of Packer 
and Stone [46]). 

Compound fG (nM) 

hCA Ia hCA IIa bCA IVb 

61 12 20 62 8 9 ;: 
63 7 10 24 

64 10 13 65 16 19 :: 
66 54 75 102 
67 47 59 78 
68 10 18 21 
69 3 6 28 

aHuman (cloned) isozyme; bisolated from bovine lung 
microsomes. 

NHR 

N-N 

R,HASA%l NH 
2 2 

14:R=H 
23: CONHPh 
32: R = CONH-3,4-C&Cl2 
41: R = CSNHPh 
50: R = CSNHAI 

Table III. CA inhibition data with standard sulfonamide 
inhibitors 14 (K, - s, the mean of two different assays, was 
obtained by the esterasic method of Packer and Stone [46]). 

Inhibitor 

Acetazolamide 1 

K, (nM) 

hCA Ia hCA IF’ bCA IVb 

900 12 220 

Methazolamide 2 780 14 240 

Dichlorophenamide 3 1200 

Dorzolamide 4 > 50000 9 

aHuman (cloned) isozymes; bfrom bovine lung microsomes. 
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Figure 3. 

NC0 
I 

NHCXNH, 

72 

H*NCSNH-A-SO,NH, ---Cl NHCONHCSNH-A-SO,NH, 

Cl Cl 

60 61-69 61-69 

61:A= 0 

62A=H2C+ 

63:A= H,CCH2G 

66:A= 

Cl 

66:A= -&?- 

H,NO,S 

Cl 

66:A= 

H,NO,S 

67:A= 

H,NO,S 

Figure 4. 

under much milder conditions as those reported in the 
literature [58, 591. 

It is interesting to note that Katritzky’s group [52] 
reported that imine 70 reacts normally with alkylZary1 
isocyanates, leading to the normal reaction products, 
the ureido-imino-thiadiazoline-sulfonamides (three 
compounds were reported, which were obtained from 
70 and methyl, phenyl and 4-chlorophenyl isocyanate, 
respectively). In our case, this type of products could 
not be isolated, probably due to the different reactivity 
of the aryl isocyanate used in our experiments. 

Inhibition data against three CA isozymes, hCA I, 
hCA II and bCA IV with the new derivatives 15-50 
and 61-69, shown in tables Z and ZZ, prove that the 
substituted ureido/thioureido sulfonamides generally 
behave as strong inhibitors, with increased efficiencies 
as compared to the parent compounds from which 
they were prepared (the amino-sulfonamides 6-14), 

Figure 5. 

Figure 6. 

but also as compared to the unsubstituted ureido/ 
thioureido analogues previously reported by our group 
[l] (data not shown). The efficiency of the obtained 
inhibitor varied in the following way, based on the 
parent sulfonamide from which it was prepared: 

sulfanilamides < homosulfanilamides - metanil- 
amides < p-aminoethyl-benzenesulfonamides < 1,3- 
benzene-disulfonamides < 3,5-dichloro-sulfanil- 
amides < 1,3,4-thiadiazole-2-sulfonamide derivatives. 

Based on the isocyanate/isothiocyanate, the order 
generally was: C,H,Cl,NCO > PhNCS - allyl-NCS > 
PhNCO. Of course, exceptions from the above rule 
were evidenced. The strongest inhibitors were the 
1,5-disubstituted-2-thiobiuret derivatives 61-69, con- 
firming again the QSAR discovery about the length 
of a CA inhibitor molecule [26, 53, 541. All three 
CA isozymes investigated here were susceptible to 
inhibition with this type of sulfonamides, but the 
interesting finding was the increased affinity for hCA 
I of some of these inhibitors. As seen from the data in 
tables Z-III, generally hCA II is the most susceptible 
to inhibition with aromatic/heterocyclic sulfonamides, 
followed by bCA IV, whereas hCA I has a much 
lower affinity for this class of inhibitors. These state- 
ments are well illustrated for the case of the classical 
inhibitors of type l-3 (table ZZZ), with the ratios 
K,(hCA I)IK,(hCA II) - 40-75, and K,(bCA IV)/ 
K,(hCA II) - 18. This means that hCA I is 40-75 less 
susceptible to be inhibited with acetazolamide and its 
congeners, whereas bCA IV is only 18 times less 
susceptible. A very interesting case is dorzolamide 4, 
the new representative of topically effective anti- 
glaucoma sulfonamides discovered at Merck [ 19, 601 



which is 5500 times less effective as hCA I inhibitor 
compared to hCA II. In the case of the compounds 
reported here by us, there are cases of derivatives 
possessing an inhibition ratio K,(hCA I)IK,(hCA 11) - 
1 (such as 23-25, 28,44 and 47), whereas others have 
the above-mentioned ratio smaller than 1 (such as 26, 
31, 32, 35, 37-41, 48-50 and 61-69). As far as we 
know, this is the first report of sulfonamide CA inhibi- 
tors that act as better inhibitors of isozyme I as 
compared to the ‘sulfonamide-avid’ isozymes II and 
IV. We did not claim that we have obtained hCA I- 
specific inhibitors, since the compounds synthesized 
inhibit to a large extent the other two isozymes. Still, 
our results are a promising start for the design of high- 
affinity and hopefully isozyme I-specific CA inhibi- 
tors. 
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