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A new series of thirty s-triazinyl-substituted aminoalkylbenzenesulfonamides, 

incorporating a symmetric pair of amino acid moieties, is reported, together with 

inhibition studies of physiologically relevant human carbonic anhydrase (hCA, EC 

4.2.1.1) isoforms. Specifically, against the cytosolic hCA I, II, transmembrane hCA 

IV and the tumor-associated, membrane-bound hCA IX. The compounds were 

prepared by nucleophilic substitution of chlorine atoms from cyanuric chloride 

(2,4,6-trichloro-1,3,5-triazine) using environmentally friendly water-based 

synthetic conditions. The products showed weak inhibition of the cytosolic, off-

target isozyme hCA II, but some of them were low nanomolar (i.e. strong) 

inhibitors of the tumor-associated hCA IX. The series offered representatives 

selective towards isozymes hCA I, IV and IX. As an example, 2,2'4(6-(4-

sulfamoylphenethyeamino)-1,3,5-triazine-2,4-diyebis(imino)) disuccinic acid 

demonstrated highest selectivity to the tumor-associated isoform hCA IX over off-

target isozymes, with impressive K-I ratio (hCA II/hCA IX) 213.9 and inhibition 

constant equal to acetazolamide (K-I = 25.8 nM). The selected most impressive 

results from the inhibition study were interpreted via molecular modeling 

experiment (docking in Glide) revealing different inter-molecular enzyme-

substrate interaction of 2,2'-((6-((4-sulfamoylphenethyl)amino)-1,3,5-triazine-2,4-

diyl)bis(imino))disuccinic acid within specific hCA IX and hCA II microregions. 

Therefore, several selected compounds from this study can be considered as 

highly effective and selective inhibitors of hCA IX, worthy to further (preclinical) 

investigation.
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Hackel, Benjamin J.: Engineered protein-small molecule conjugates empower 

selective enzyme inhibition, CELL CHEMICAL BIOLOGY, Volume 29, Issue 2, Page 
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Prvá systematická štúdia dizajnovania, syntézy, analýzy a hodnotenia biologickej 

aktivity triazínbenzénsulfonamidových konjugátov s proteínogénnymi 

aminokyselinami ako potenciálnych inhibítorov humánnej karbonickej anhydrázy. 

Demonštrujeme možnosti efektivizovanej prípravy a vzťahu štruktúra – účinok 

novej skupiny potenciálnych liečiv hypoxických nádorových ochorení, s 

priaznivými parametrami inhibičných konštánt a selektivity vybraných derivátov k 

tumor-asociovaným izoformám humánnej karbonickej anhydrázy. / The first 

systematic study of the design, synthesis, analysis and evaluation of the biological 

activity of triazine benzenesulfonamide conjugates with proteinogenic amino 

acids as potential inhibitors of human carbonic anhydrase. We demonstrate the 

possibilities of effective preparation and structure-effect relationship of a new 

group of potential drugs of hypoxic cancer, with favorable parameters of 

inhibitory constants and selectivity of selected derivatives to tumor-associated 

isoforms of human carbonic anhydrase.
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Nový dizajn molekúl na báze triazínbenzénsulfonamidových konjugátov s 

proteínogénnymi aminokyselinami otvára možnosti v štúdiu nových syntetických, 

izolačných a analytických postupov ako aj štúdiu nových vzťahov štruktúra – 

aktivita. Teoretické aj experimentálne aspekty navrhnutých prístupov budú 

prezentované v rámci predmetov analytická chémia a farmaceutická chémia. 

Tieto výstupy dopĺňajú edukačnú bázu farmaceutickej chémie o nové poznatky v 

OCA19. Charakteristika dopadu výstupu a súvisiacich aktivít na vzdelávací 

proces / Characteristics of the output and related activities' impact on the 
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