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ABSTRACT

An expanded set of pyridazine-containing benzetfersamides was investigated for inhibition
of four human carbonic anhydrase isoforms, whicheaéed a pronounced inhibition trend
toward hCA [X, a cancer-related, membrane-bound isoformth&f enzyme. Comparison of
antiproliferative effects of these compounds agatasmcer (PANC-1) and normal (ARPE-19)
cells at 50uM concentration narrowed the selection of compound$ie eight which displayed

selective growth inhibition toward the cancer cdllore detailed investigation in concentration-
dependent mode against normal (ARPE-19) and twoetarell lines (PANC-1 and SK-MEL-2)

identified two lead compounds one of which dispthgenotable cytotoxicity toward pancreatic
cancer cells while the other targeted the melanoeia. These findings significantly expand the
knowledge base concerning the hCA IX inhibitors wdoinhibitory potency against a
recombinant enzyme translates into selective amtgaactivity under hypoxic conditions which

are aimed to model the environment of a growingaum

Keywords: carbonic anhydrase; isoform-selective inhibitogseriphery groups; primary
sulfonamides; subnanomolar inhibition; pyridazinomthalazinone, cancer cells; hypoxic

environment; growth inhibition assay.



1. I'ntroduction

The fundamental biochemical reaction of reversityldration of carbon dioxide catalyzed by the
human carbonic anhydraseBCAs) [1] produces bicarbonate anion and a protod &
therefore, an important regulatory mechanism farti@dling the intra- and extracellular pH in
various part of the human body. Among theH®BA isoforms (each of them having different
cellular localization, catalytic activity and expsgon levels in normal vs. aberrantly functioning
cells [2]), many are already validated as targetsifug intervention while novel links to various
disease continue to be discovered [3]. Likewisdectiwe inhibition of pathogen CAs, not
interfering with the host hCA machinery, presents atractive new option for antibiotic
development and is receiving increase attentign.Tdese new approaches to disease treatment
require that small molecules intended to produceedain therapeutic effect are isoform-
selective and do not to affect the normal functignof other isoforms, not involved in the
disease. Today, however, all clinically used caiba@amhydrase inhibitors (such as diuretics [5]
or drugs used to treat glaucoma-related intraocygertension [6]) are predominantly non-
selective afiCA inhibitors (Fig. 1).
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Fig. 1. Examples of clinically used, non-selectiv€A inhibitors and their inhibition profile [7]

against the panel of human carbonic anhydraggag) interrogated in this work.

That being said, the landscape of investigatiosafiorm-selective carbonic anhydrase inhibitors

(CAls) has been widening. Noteworthy examples amxazole bis-sulfonamide inhibitor of



membrane-boundhCA 1V (1) [8], dual inhibitor of cytosolichCA 1l and VII based on 2-
imidazoline scaffold2) [9], selective biphenyl sulfonamide inhibitor k€A XIV (3) [10], and
ring-openedN-alkyl saccharin derivative4] selective for tumor-associated, membrane-bound
isoforms hCA IX and XII [11]. In the clinical phasef developmenthCA 1X-selective drug
SLC-0111 has now successfully completed phasenikcali trials for tumors overexpressing CA
IX [12] and is scheduled to enter phase Il clinicells in the near future. E7070 (indisulam) was
developed as novel antineoplastic therapy by Eisaj Ltd. It entered clinical development in
2005 and is currently in phase Il clinical triats the US and Europe [13]. Notably, from the
inhibition profile of SLC-0111 and, particularlyf &7070 it is evident that selectivity over the
cytosolic off-targethCA Il isoform is not a pre-requisite to achievingical efficacy in cancer
treatment (Fig. 2).
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Fig. 2. Examples of recently reported isoform-selectiveAh@hibitors (1-4) and structures of
the most advancduCA IX/XIlI-selective CAls (SLC-0111 and E7070) cumtky in clinical trials
for cancer.

A metastatic tumor can survive and grow in thesstitd hypoxic and acidic extracellular
environment surrounding it by overexpressing themtmane-boundhCA 1X and hCA XiIi
isoforms [14] while inhibition of the latter can teotially retard the tumor growth and reduce its
size [15]. Today, mounting evidence has been gathfar tumors able to develop resistance to
various targeted small-molecule therapies [16]cdntrast, inhibition ohCA IX and hCA XIlI

overexpressed on the surface of tumor cells taag&iadamental mechanism of their survival, at



the level of evolutionary primordial animatic maoény. Hence, the likelihood of resistance
emerging to drugs acting via this mechanism is idened low, which makes the latter an
attractive approach for small molecule interven{ibn).

The majority of known CAls are primary aromatic dreteroaromatic sulfonamides in which the
sulfonamide group acts as a metal binding motif @amdures affinity to the enzyme by
coordinating to its prosthetic Zhion [18], a binding mode universal for &ICA isoforms. It is
the molecular periphery of the inhibitor that caloyide an additional binding to a particular
isoform and thus be the principal source of isof@etective inhibition [19]. Thus exploration of
various periphery motifs for the pharmacophorid@smide part of the prospective inhibitor
(via random screening or based insilico modeling [20]) is especially significant for the
ongoing quest for selectively targeted CAls.

In the course of exploring various substituted toetgclic appendages for the CAI
pharmacophoric arene sulfonamide moiety (such &®xazole [21], isoxazole [8], imidazoline
[9, 20], pyrazole [22] and 1,2,4-oxadiazole [23f)came to our attention that pyridazinone-
substituted benzenesulfonamidgshad been discovered and studied as potent intsbmb
cytosolichCA | and hCA 1l isoforms (as exemplified by compourtd) [24]. Such a potent
inhibitory profile is perhaps unsurprising considgrthe almost ideal positioning of the polar
(pyridazinone carbonyl) and lipophilic (aromaticogp) portions of the compound’s periphery
for cooperative contacts with the respective, ddily delineated in hydrophobic character,
portions of the enzyme’s active site [19]. Congiugthis clear predisposition of representatives
of this chemotype to act as CAls in general, weaugfim it important to prepare an expanded set
of analogs of pyridazinone-containing compounds evaluate its inhibitory properties toward
the cancer-related, membrane-bound isofon@4 1X and hCA XII. In addition to substituted
pyridazinone analog6 of the previously reported series [24], we aimecdexplore their non-
aromatic analog® as well as their differently substituted anal8gsnd benzene-fused serigs

In all cases we expected the carbonyl group ofptr@azinone nucleus to effectively address
the hydrophilic side of the enzyme’s active siteilestthe peripheral substituents would be
increasing the binding efficiency by interactingtwthe hydrophobic portion of the same (Fig.
3). Our ultimate goal was to identify compoundst ttigplay the clear propensity to inhibit the
hCA 1X and/orhCA XiIlI cell surface-bound isoforms (with or withourthibition of the cytosolic
off-targets hCA | and hCA Il which are less impaittén the context of this study) and further
determine their potential to target cancer celldeurhypoxic conditions (i. e. in the environment
where catalytic activity of these two isoforms bees crucial for the cells’ survival and growth,

vide supra). Herein, we present the results of these studies.
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Fig. 3. Earlier reported pyridazinone-substituted benzeif@samides5 (their design rationale
and CAI profile for a representative compoud)] and for series of analogs explored in this
work with respect to thelmCA IX/hCA XllI inhibition potential.

2. Results and discussion
2.1. Chemistry

A series of aromatic methyl ketond® were condensed with glyoxalic or pyruvic acid in
agueous basic solution as described previously. [PB¢ intermediate compound4, without
isolation, were treated with an ethanolic solutiaf 4-hydrazinobenzenesulfonamide
hydrochloride salt2) at reflux. This led to the conversion of the rggine component to the
free base form and subsequent condensation to tteenpyridazinone ring and gave the target

compound$a-d in moderate to good yields (Scheme 1) [25].
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Scheme 1. Synthesis of compounda-d investigated in this work.
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Compounds7a-d belonging to the 5,6-dihydropyridazinone seriegenvgenerated by similar
cyclocondensation betwed and a series of commercially availalpketocarboxylic acid43,

which provided the target compounds in good to kkyields (Scheme 2) [26].
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Scheme 2. Synthesis of compounda-d investigated in this work.



Similar condensation betwed2 and mucochloric acidld) yielded compoun®a in excellent
yield. Both chlorine atoms i8a were removed by catalytic hydrogenation over 108c0R
carbon to give compourtéb in 79% yield [27]. At the same time, accordinghe literature data
[28], chlorine atom in position 5 of pyridazinonéeng is more labile toward aromatic
nucleophilic substitution and thus it was replaeeth a range of aliphatic amines in refluxing
ethanolic solution in the presence of triethylam[@8] to give compounds$c-i in good to
excellent yields. Catalytic hydrogenation of a stdd set of the latter provided compouifisd

in high yield (Scheme 3).
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Scheme 3. Synthesis of compoun@s-| investigated in this work.

Finally, condensation ol2 with a small set ofb-acylbenzoic acidd5 gave phthalazinone
compound®a-c in excellent yield (Scheme 4).
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Scheme 4. Synthesis of compoun@sa-c investigated in this work.
2.2. Biochemical testing for CA inhibition

The twenty-three primary sulfonamide compourtdsd, 7a-d, 8a-1 and 9a-c synthesized as

detailed above, were tested in £i@ydration stopped-flow biochemical assay (see Expntal



section) against two cytosolic@A 1 and Il) and two membrane-bound, cancer-rel&i@d 1X

and XIllI isoforms to produce the inhibition datg)(Bummarized in Table 1.

Table 1. Inhibitory profile of compound$a-d, 7a-d, 8a-k and9a-c againsthCA 1, 1, IX and
XIL.@
X
l\\
_N
N o) N
6a-d 7a- i i l
SO,NH, SO,NH, SO,NH, SOzNH;
X Ki (nM)
Compound R R ©\ hCA | hCA hCA
JICA | I IX XII
O *
6a { :©/ H . 990 | 1.40| 282| 63.7C
o)
6b ©j H - 84.1 0.62 0.46 9.30
OH
6c '\©/ Me -- 100.5 2.90 2.30 8.80
\ *
6d O/ H . 2274 | 48| 508| 870
N~
7a Me -- -- 88.2 0.68 32.8 31.0
7b Ph -- -- 186.6 0.26 4.80 22.5
7/c 4-MeOGH3 -- -- 92.7 0.08 2.40 9.90
d 3,4-diCIGH3 -- -- 5962 74.1 6.00 67.1
8a Cl Cl -- 482.1 2.30 8.70 9.90
8b H H -- 320.4 8.20 9.00 81.2
8c /—N N—* Cl -- 485.3 0.29 0.70 7.20
__/
8d GN—* Cl -- 97.4 0.06 0.49 8.40
8e o) —* Cl -- 89.0 0.07 0.58 36.0
__/
8f @G“ Cl -- 738.4 60.5 89.6 85.5
89 BnNH Cl -- 95.1 0.09 0.67 9.40




o/\
LN
8h j\ Cl — 4815 | 067| 2.80| 101
HN,
_ 7\
8i 2.Py—N  N—* cl - 676.1 | 46.6| 895 105.1
__/
, 7\
8; NN H - 311.3 | 4.30| 41.3| 253
\__/
8k N—* H - 882 | 008| 056 6.30
8l o N—* H - 2023 | 055| 210/ 9.80
\__/
%a - - @E 723 | 0.23| 0.32]| 506
% - | eoNA~. | 907 | 350| 890| 66.4
OMe
9 Me — @E 89.7 | 0.03| 024 9.00

% Mean K values from 3 different stopped-flow assays (arwere in the range of +5-10% of the

reported values).

From a brief examination of the data presentedaibld 1, it becomes evident that in general, the
compounds prepared and investigated in this wotkimed subnanomolar to low nanomolar
inhibitory potency against cytosolitCA 1l isoform while the potency towardCA 1 (also a
cytosolic form) decrease dramatically in comparisorthe earlier reported data (cf. compound
5a). At the same time, the inhibitory potency towashcer-relatethCA IX was established to
reach into the subnanomolar range, thereby makiigydiverse series of compounds worthy
further investigation as antiproliferative agents ftancel cells under hypoxic conditions.
Particularly encouraging is a concomitant inhittmf hCA XII isoform, albeit with surprisingly
flat SAR (i.e., the single- to double-digit nano@moinhibition of this isoform appears insensitive
to variations in the inhibitor structure). It shdue noted that inhibition diCA II, in general,
does not present a significant obstacle to antitugffccacy (as evidenced by the advanced status
of compound E7070 (indisulam), also a db@lA 11/1X inhibitor, currently in clinical trial for
cancer [13]). Moreover, considering the vastly eléint cellular localization of these two
isoforms, the de facto selectivity will be governed the end by the potentially higher

extracellular vs. intracellular concentration o ihhibitor [30].



Notable SAR facts that surface from the data ptesemn Table 1, include the relative
insensitivity of the inhibitory profile to the sufistions around the flat pyridazinone core as far
as large substituents in position 4 are concermelged, the profile of compoun@a-d is nearly
identical to that of bis-chloro compouBd and unsubstituted compou8l. At the same time, in
the non-flat, 5,6-dihydropyridone seri¢&;A |1l potency appears quite sensitive to the natidre
the aromatic group (cf. compounds and 7d displaying a ~1000-fold drop in inhibitory
activity). Similarly sensitive to the substitutigrattern appears the phthalazinone series where
introduction of a methyl group in compoufid improved thehCA Il potency 10-fold compared
to compounds9a. However, the dimethoxy substitution in compoufid appears to be
detrimental to botthCA Il and hCA IX inhibition. In the amino-substituted pyridanine series,
only tetrahydroisoquinoline substitution 8h appears to lead to poorer inhibition (compared, fo
instance, to its ‘disconnected’ anal8g) of bothhCA 1l and hCA IX. The inhibitory profile of
the chlorinated amino-substituted compounds looksilad to that of their des-chloro
counterparts, except for the p8a/8j where removal of the chlorine atom lead to a 18-fvop

in hCA Il andhCA IX potency.

2.3. Docking studies

In order to provide rational interpretations of tBAR data derived from the experimental
results, representative compounds belonging fraendifferent series of synthesized derivatives
were studies through a molecular modeling analgsimprising a robust docking procedure
followed by energy minimization in explicit watenveronment (see Experimental section for
details). The phthalazinone derivativdsand9c, which showed subnanomolar potency against
hCA 1l and hCA IX, were docked into the catalytic site of thveotenzymes with the aim of
evaluating their potential binding mode. Compo@adwas predicted to chelate the prosthetic
zinc ion ofhCA I through the sulfonamide group, which alscenaicts with T198 forming H-
bonds with both the backbone nitrogen and the hydrgroup of the residue (Fig. 4A). The
phenylene linker of the ligand shows van der Waatsractions with H94 and Q92 from one
side and takes hydrophobic contacts with V121, L&A especially L197 from the other side.
Finally, the phthalazinone moiety is placed inte trarrow space delimited by 191, Q92, V121
and F130, forming a strongn stacking with F130 and an H-bond with the sideirciod Q92
established through its carbonyl oxygen. The bigainode generated f@a into hCA IX is very
similar to the disposition predicted ift€A Il, in agreement with the comparable activitytioé
ligand toward the two enzyme isoforms (Fig. 4B)fdnt, compoun®a forms the same pattern
of H-bonds and lipophilic interactions with the halog residues ohCA IX, with the only

exception of ther-n stacking interaction that is absent due to thegree of V262 in place of



the non-conserved residue F1BCA 11). However, the ligand is still able to forrtreng van der
Waals interactions with the flat hydrophobic wall &CA 1X constituted by L223, V262 and
L266.

The increase iCA Il inhibitory activity obtained by the introduoth of a methyl group in
compound9c seems to be due to improved hydrophobic interast@nd a stabilization of the
binding pose, compared &a. In fact, the methyl group dc, well fits a small hydrophobic
pocket delimited by F130, V134, 1197 and P201, fednby the protrusion of F130 side chain
towards the entrance of the binding site. The adigon into this pocket contributes to lock the
ligand into its binding disposition, besides allogiiadditional lipophilic contacts with the pocket
residues (Fig. 4C). Interestingly, compoumaintains the H-bond with Q92 and a T-shaped
stacking interaction with F130. The observatiort ti@mpotency improvement agaifeZA IX is
obtained for9c with respect t®a is in agreement with the absence of the small dpluwbic
pocket withinhCA 1X binding site. On the contrary, tHe&CA Il potency drop obtained by the
introduction of the two methoxy groups in compow@dcan be rationalized by considering the
steric bulk of the two substituents, which woul@éyent the ligand to be placed into the narrow
space between Q92 and F130. In fact, compd@nd predicted to dispose the phthalazinone
core perpendicularly with respect to the bindingde@f9a, in order to avoid steric hindrance
with the surrounding residues (Fig. 4D). Howevhis is paid with the loss of the H-bond with
Q92, which is consistent with the reduced actiafythe ligand. Similar considerations can be
also valid for justifying the activity of the ligdnagainsthCA IX, which is comparable to that

shown againstCA II.

Among the amino-substituted pyridazinone derivajveompounddc showed subnanomolar
potency against bothCA Il and hCA IX, while its des-chloro analogug was found to have
reduced activity. The predicted binding mode of tthhe compounds intthCA 1l is similar and
consistent with the binding disposition hypothedifa compounda (Fig. 4A). In fact, besides
the sulfonamide groups, also the phenylene linket the phthalazinone ring @c and 8
present an orientation comparable with that obskrfeg 9a, forming a similar pattern of
interactions with the surrounding protein residuasluded the H-bond with the side chain of
Q92 (Fig. 5). However, the-rn stacking with F130 is not shown due to the absefd¢ke fused
phenyl ring in8c and8j, but the positively charged piperazine groupsheftivo ligands are able
to form a water-bridged interaction with E69. Thesitive effect on ligand potency determined
by the chlorine atom could be due to the additidmadrophobic contacts and a better shape
complementarity with the protein observed in commb8c with respect to8j. In fact, the

chlorine atom can form extensive lipophilic intdrans with 191, Q92, V121 and F130 that can



also compensate for the lackoft stacking with F130 and stabilize the ligand disjas into

the protein catalytic site, thus justifying the Inég potency oBc compared t@j. The reduced
activity of both ligands again$iCA IX can be ascribed to the fact that E6hGHA Il is a non-
conserved residue replaced by a threonirt®dA [X; therefore, the two ligands cannot form the
water-bridged interaction with E69. However, wi8teshows only a slight (2.5-fold) decrease in
potency, compoun@j presents a 10-fold lower activity diCA X compared tchCA II: this
data is consistent with the binding mode proposedHe two derivatives, considering the less
direct interaction with E69 predicted f8c (mediated by two water molecules instead of one as
in 8§) and the presence of the chlorine atom, which Euce the impact of the missing

interaction with E69, compared &p.

rald / P201

Fig. 4. Predicted binding mode of compou#d into hCA 1l (A) and hCA IX (B); predicted
binding mode of compour@t (C) and9b (D) into hCA I1l. Ligand-protein H-bonds are shown as
black dashed lines, the protein surface in theipribx of the ligands is shown in grey.

Finally, a different water-bridged interaction cdwontribute to the differeitCA Il inhibitory
potency observed for the non-flat 5,6-dihydropyneaderivatives/c and 7d. CompoundTc,

which showed picomolar potency agaih§&A Il, was predicted to assume a binding mode in



line with those calculated for the oth@CAls herein analyzed. Interestingly, despite the
distortion introduced in the core ring due to thekl of aromaticity, the ligand is still able torior
an H-bond with Q92 and extensive hydrophobic irtgoas with F130. Moreover, although the
methoxyphenyl group of the ligand is highly solverposed, the water-mediated H-bond with
WS5 can counterbalance the unfavorable desolvafifecteand positively contribute to the ligand
potency. On the contrary, the double chlorinatedlague 7d is not able to form a similar
interaction and it was predicted to orient its thcbphenyl ring differently, in order to prevent
any steric hindrance with W5 and to maximize tpepihilic interactions with both this and other
residues such as H64 and N67. However, this diffedissposition also prevents the formation of
the H-bond with Q92, thus contributing to explaie ttonsiderable reduction CA Il potency

of 7d with respect t@c (Fig. 6).

Fig. 5. Predicted binding mode of compou8d (A) and8j (B) into hCA 1l (A). Ligand-protein
H-bonds are shown as black dashed lines, the preteface in the proximity of the ligands is
shown in grey.

Fig. 6. Predicted binding mode of compouiid (A) and7d (B) into hCA II. Ligand-protein H-
bonds are shown as black dashed lines, the preteface in the proximity of the ligands is
shown in grey.



2.4. Antiproliferative activity against normal and cancer cell lines

The potent inhibition of membrane-bound, canceatesl enzymehCA IX by virtually all
compoundsa-d, 7a-d, 8a-l and9a-c (some of them reaching into the subnanomolar pgtenc
range), on top of fairly promising inhibition prigiwith respect tq\CA XIlI, clearly warranted
their further investigation for antiproliferativéfects in cancer cells. As we already mentioned
the absence of selectivity between these isofornts @so againshCA 1l should not be
perceived as a substantial disadvantage, consipgeha fact the vastly different cellular
localization of these targets and, as a resultptitential for gaining selectivity by suppressing
cell membrane permeability in the course of subseglead optimization [30]. While evaluation
of the antiproliferative profile for cancer celtsgomparison to normal cells should be performed
under normoxic as well as hypoxic conditions, sudimide CAs are known to be more likely to
exert their cytotoxicity profile under hypoxic catidns, i. e. those that closely reproduce the
environment of a growing solid tumor, particularlyith respect to pH disbalance and
overexpression diCA 1X andhCA XII isoforms [31].

] WARPE-19 [OPANC-1
120

100

(]
o
—

Cell viability, %
v
(=]

40 - L

20 4

0 - |
S PP F PR PP PP F P BB F D PP o
(}0{\ \?\‘\Q

Fig. 7. Cell viability MTT assay results for compounéa-d, 7a-d, 8a-l and 9a-c (50 uM)
against APRE-19 and PANC-1 cell lines (values afgressed as the mean + SEM of three
experiments:{) P < 0.05 and«x) P < 0.01 in comparison to control ().

Compoundsa-d, 7a-d, 8a-| and9a-c were screened at M concentration for their ability to
affect the cell culture viability of non-cancerobhsman retinal pigment epithelial cell line
ARPE-19 [32] as well as pancreas ductal adenocar@ncell line PANC-1 [33]. The initial
testing was performed relative to control (™ of the test compounds) under chemically
induced (CoGJ) hypoxia [34]. As it is evident from the screenirgsults presented in Fig. 7,

cobalt(ll) chloride itself did not affect the nunmtha cells in the culture. Compound 6d, for some



reason, displayed a pronounced cytotoxicity towhelnormal as well as cancer cells and thus

was excluded from further consideration. Howevempmber of compounds (particularly, eight

compounda, 7c, 8a-e and§j) proved to be >30% more cytotoxic towards PANCs1ARPE-

19 cell line under the chemically induced hypoxtaditions and were thus perceived as leads

worthy further characterization.
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Fig. 8. Cell viability MTT assay results for compoungs 7c, 8a-e and8j (30 uM, 100uM and
300 uM) against APRE-19, PANC-1 and MEL cell lines (veduare expressed as the mean *

SEM of three experimentss)(P < 0.05 and«) P < 0.01 in comparison to control (M, not
shown).



These nine frontrunner compounds were tested iIMRE cell viability assay at three different
concentrations (3QM, 100 uM and 300uM) against normal (ARPE-19) as well as two cancer
cell lines (PANC-1 and also melanoma SK-MEL-2 [34ll line), this time grown under
normoxic as well as chemically induced hypoxic dbads. The antiproliferative profiles

displayed by compound&, 7c, 8a-e and8j under this testing scheme are shown in Fig. 8.

CompoundBa displayed a pronounced, non-selective cytotoximtyard normal as well as both
cancer cell lines. This behavior is likely a consare of the compound’s reactivity toward
nucleophilic moieties which results in non-specitiovalent modification of biomolecules.
Similarly, compound&c and8d displayed a dose-dependent cytotoxicity againsPBR 9 cells
and thus were not considered further. Compohdand8c displayed no particular cytotoxicity
neither to normal nor to cancerous cells, even igh lkconcentration. Only at 30QM
concentration, compourty] appears selectively cytotoxic to melanoma cellsvélger, the main
result of these comprehensive experiments, isdbatpound8e can be viewed as a promising
cytotoxic agent for melanoma cells (under eithgvdxc or normoxic conditions where it dose-
dependently inhibited the growth of cancer cells it normal cells) while compourth was
selectively cytotoxic to pancreatic cancer cell emtlypoxic conditions. It is noteworthy that
these agents belong to different structural claaséscould be identified only via the ‘screening
funnel’ scheme implemented in this work. It shobkl duly noted that in general, modeling of
antitumor effects ohCA IX inhibitors by antiproliferative effects againa disperse cell culture,
even grown under hypoxic conditions, is exceedindifficult and requires cell viability
screening at relatively high compound concentratif81]. As the result, potent inhibition of
hCA IX determined in a biochemical assay may notdlate directly into similarly promising
antiproliferative activity in vitro. This mandatésat advanced candidates possessing promising
antiproliferative profiles are selected frdif@A 1X based on preliminary cell viability testingé

not only based on best Kalues.

3. Conclusion

By preparing and investigating an extended setyoflpzine-containing benzene sulfonamides,
we established a pronounced propensity of thissctdscompounds to inhibit cancer-related,
membrane bound isoform IX of human carbonic antsgf@CA IX), an observation that had
not been made in the previous studies due to &elihmumber of isoforms included in the testing
panel. This discovery prompted us to investigagedtfiects of these compounds on cancewsus

normal cells under chemically induced hypoxia (i.tiee conditions rendering the catalytic



activity of hCA IX crucial survival mechanism of cancer cell®. dur delight, eight compounds
displayed a noticeable window between cytotoxieigginst the normal (ARPE-19) and cancer
(PANC-1) cells which warranted their further inugation. Testing these compounds at three
different concentrations (3aM, 100 uM and 300uM) against ARPE-19 cells in comparison
with PANC-1 and SK-MEL-2 cells revealed that one tbe compounds78) displayed
pronounced cytotoxicity toward pancreatic cancdlscehile the other &) clearly targeted
melanoma cells. The observed structure-activitgti@hships were analyzed by docking the key
cornerstone compounds into the crystal structuredibferent isoforms, which allowed
rationalizing the observed SAR trends. Altogetlieese findings significantly expand the range
of known hCA IX inhibitors whose biochemical activity trantda (albeit indirectly) into the
selective antiproliferative activity against cancetls under hypoxic conditions that model the

environment of a growing tumor.
4. Experimental section
4.1. General experimental

All and reagents and solvents were obtained froommercial sources and used without
purification. All reactions implemented in an opigsk without any protection from GCGand
H.O. Reactions were monitored by analytical thin taghromatography (TLC) Macherey-
Nagel, TLC plates Polygram® Sil G/UV254. Visualipat of the developed chromatograms was
performed by fluorescence quenching at 254 tithand*C NMR spectra were measured on
Bruker AVANCE DPX 400 (400 MHz fotH and 100 MHz forC respectively). All chemical
shifts ¢ ppm ) are given in parts per million (ppm) wither@nce to solvent residues in DMSO-
d6-d6 (2.50 for proton and 39.52 for carbon) and coyptinnstantJ) are reported in hertz (Hz).
Multiplicities are abbreviated as follows: s = dgtgd = doublet, t = triplet, g = quartet, m =
multiplet, br = broad. Melting points were deterednon Electrothermal IA 9300 series Digital
Melting Point Apparatus. Mass spectra were recorded microTOF spectrometers (ESI
ionization). Analytical HPLC was carried out on @laidzu LC-20AP chromatograph equipped
with spectrophotometric detector and Supelco Discp€18, mm, 15cmx3mm column. Mobile
phase: (A) 0.1% TFA in water — (B) 0.1% TFA in awetrile; gradient: 595% B (0— 15min),
95% B (15— 20min); flow rate 1 mL/min, temperature — 40 °@tettion UV at 214 and 254
nm. Injection volume 2@d. All compounds tested in biology assays were @dltp be at least
95% pure by analytical HPLC.

4.2. Synthetic organic chemistry



General Procedure (GP1) for the synthesis of compounds 6a-d, 7a-d, 8a, 9a-c

A mixture of appropriate 1,4 - dicarbonyl compouit] 13, 14 or 15 (0.001 mol) and 4-

hydrazinobenzenesulfonamide hydrochlorl2g0.001 mol) in ethanol (10—40 mL) was refluxed
for 8-24 h. The reaction mixture was evaporatedive a crude solid. Crude product was stirred
with 5-10 % sodium bicarbonate solution (25 mL) Idx. It was filtered, washed with 2% acetic

acid and then with water. It was dried and cry=ztatl from ethanol to givesa-d, 7a-d, 8a, 9a-
C).

4-(3-(Benzo[ d] [ 1,3] dioxol-5-y1)-6-oxopyridazin-1(6H)-yl ) benzenesulfonamide (6a)

Yield 174 mg (47%). Beige solid, m.p. 281-28T;5°H NMR (400 MHz, DMSOds) 6 ppm
8.12 (d,J= 9.8 Hz, 1H), 7.95 (q)= 8.7 Hz, 4H), 7.54 — 7.43 (m, 4H), 7.18 {d, 9.8 Hz, 1H),
7.04 (d,J= 8.1 Hz, 1H), 6.11 (s, 2H}’C NMR (101 MHz, DMSOdg) 6 ppm 158.95, 149.20,
148.59, 144.76, 144.46, 143.60, 131.77, 131.58,652826.64, 126.41, 121.23, 109.01, 106.61,
102.09. HRMS (ESIn2): calculated for §H13N30sS [M+H]" 372.0649; found 372.0643.

4-(3-(2-Hydroxyphenyl)-6-oxopyridazn-1(6H)-yl ) benzenesulfonamide (6b)

Yield 165 mg (48 %). White solid, m.p. 269-270. 'H NMR (400 MHz, DMSO€g) 6 ppm
10.38 (s, 1H), 8.01 (di= 9.8 Hz, 1H), 7.97 (dJ= 8.6 Hz, 2H), 7.91 (dJ= 8.6 Hz, 2H), 7.58 (d,
J= 7.6 Hz, 1H), 7.56 - 7.33 (br. s, 2H), 7.31)&,7.7 Hz, 1H), 7.14 (d}= 9.8 Hz, 1H), 7.00 (d,
J= 8.1 Hz, 1H), 6.91 ()= 7.5 Hz, 1H)**C NMR (101 MHz, DMSOdg) 159.00, 156.05, 145.90,
144.45, 143.66, 135.15, 131.54, 130.10, 130.05,662@26.50, 121.84, 119.89, 116.95, 130.05,
126.66, 126.50, 121.84, 119.89, 116.95. HRMS (B®): calculated for GH1aNz04S [M+H]"
344.0700; found 344.0696.

4-(5-Methyl-6-oxo-3-(pyridin-3-yl)pyridazin-1(6H)-yl )benzenesul fonamide (6¢)

Yield 154 mg (45 %). Light brown solid, m.p. 128912°. *H NMR (400 MHz, DMSOedg) 6
ppm 9.87 (s, 1H), 9.02 (s, 1H), 8.53 (s, 1H), §4,71H), 7.70 (s, 2H), 7.38 (s, 3H), 7.11 (s, 2H),
2.33 (s, 3H).*C NMR (101 MHz, DMSOds) 5 ppm 149.06, 148.75, 147.17, 141.29, 134.83,
134.49, 133.21, 127.74, 123.88, 112.67, 13.39. HRES, nV2): calculated for gH14N4OsS
[M+H] " 342.0787; found 342.0789.

4-(6-Ox0-3-(pyridin-4-yl)pyridazin-1(6H)-yl )benzenesul fonamide (6d)

Yield 283 mg (86 %). Orange solid, m.p. 282-283*H NMR (400 MHz, DMSOdg) d ppm
8.72 (ddJ= 4.6, 1.5 Hz, 2H), 8.25 (d~ 9.8 Hz, 1H), 8.02 — 7.96 (m, 2H), 7.96 — 7.89 4iA),
7.51 (s, 2H), 7.30 (dl= 9.8 Hz, 1H)*3C (101 MHz, DMSOds) 6 ppm 159.18, 150.94, 144.24,



144.00, 142.89, 141.62, 131.89, 131.41, 126.74,61264.20.65. HRMS (EShv2): calculated
for Ci5H1oN40O3S ['\/H‘H]+ 329.0703; found 329.0696.

4-(3-Methyl-6-0x0-5,6-di hydropyridazin-1(4H)-yl)benzenesulfonamide (7a)

Yield 147 mg (55 %). white crystal, m.p. 145-147. *H NMR (400 MHz, DMSOds) 5 ppm
ppm 8.28 (dJ= 8.4 Hz, 2H), 8.04 (dJ= 8.4 Hz, 2H), 7.60 (s, 2H), 3.17 (m, 1H), 1.33Jd,6.9

Hz, 6H). *C NMR (101 MHz, DMSQOds) 6 ppm 165.96, 156.97, 144.12, 141.26, 126.31,
124.55, 27.75, 26.14, 23.34. HRMS (EBI7): calculated forC11H14N30sS [M+H]" 268.0751;
found 268.0754.

4-(6-Ox0-3-phenyl-5,6-dihydropyridazin-1(4H)-yl)benzenesul fonamide (7b)

Yield 221 mg (67 %). White solid, m.p. 254-255.*H NMR (400 MHz, DMSOds) 5§ ppm 7.93
— 7.84 (m, 4H), 7.81 (d= 8.5 Hz, 2H), 7.52 — 7.45 (m, 3H), 7.39 (s, 2H)L73(t, J= 8.0 Hz,
2H), 2.78 (t,J= 8.0 Hz, 2H).*C NMR (101 MHz, DMSOd) J ppm 166.17, 153.38, 144.29,
141.58, 135.75, 130.50, 129.10, 126.71, 126.44,.812427.93, 22.77. HRMS (EShv2):
calculated for gH1sN305S [M+H]" 330.0907; found 330.0903.

4-(3-(4-Methoxyphenyl)-6-oxo-5,6-di hydr opyridaz n-1(4H)-yl ) benzenesulfonamide (7¢)

Yield 238 mg (66 %). White solid, m.p. 198-199. *H NMR (400 MHz, DMSOdg) 6 ppm 7.84
(m, 6H), 7.37 (s, 2H), 7.03 (d= 8.8 Hz, 2H), 3.82 (s, 3H), 3.13 (5 8.0 Hz, 2H), 2.75 (t)=

8.0 Hz, 2H).*C NMR (101 MHz, DMSOds) 6 ppm 166.19, 161.27, 153.22, 144.36, 141.42,
128.38, 128.09, 126.40, 124.71, 114.48, 55.80,£280.63. HRMS (ESIn2): calculated for
Ci17H17N304S [M+H]* 360.1013; found 360.1014.

4-(3-(3,4-Dichlorophenyl)-6-oxo-5,6-di hydr opyridazin-1(4H)-yl ) benzenesulfonamide (7d)

Yield 194 mg (94 %). White solid, m.p. 267-268.*H NMR (400 MHz, DMSOedg) J ppm
8.06 (d,J= 2.1 Hz, 1H), 7.91 — 7.87 (m, 2H), 7.85 (d4,8.5, 2.1 Hz, 1H), 7.80 — 7.75 (m, 2H),
7.74 (d,J= 8.5 Hz, 1H), 7.38 (s, 2H), 3.18 & 8.1 Hz, 2H), 2.79 ()= 8.1 Hz, 2H).**C NMR
(101 MHz, DMSOsdg) 6 ppm 165.99, 151.14, 144.08, 141.82, 136.43, 132.98.06, 131.28,
128.47, 126.87, 126.48, 125.08, 27.66, 22.66. HRES, m/2): calculated for GH13CIoN3OsS
[M+H] " 398.0128; found 398.0123.

4-(4,5-Dichloro-6-oxopyridazin-1(6H)-yl)benzenesul fonamide (8a)

Yield 269 mg (96 %). White solid, m.p. 258-259. *H NMR (400 MHz, DMSOds) 5§ ppm 8.39
(s, 1H), 7.98 (dJ= 8.5 Hz, 2H), 7.79 (dJ= 8.5 Hz, 2H), 7.50 (s, 2H)**C NMR (101 MHz,



DMSO-ds) 6 ppm 156.10, 144.43, 143.72, 137.38, 136.58, 134.88.83, 126.77. HRMS (ESI,
mvz): calculated for gH7CI,N30sS [M+H]+ 319.9658; found 319.9654.

4-(1-Oxophthal azin-2(1H)-yl)benzenesulfonamide (9a)

Yield 263 mg (87 %). White solid, m.p. 247-248.*H NMR (400 MHz, DMSOds) 5§ ppm 8.63

(s, 1H), 8.35 (dJ= 7.8 Hz, 1H), 8.02 (dJ= 6.2 Hz, 2H), 7.95 (m, 3H), 7.87 (@ 8.6 Hz, 2H),
7.48 (s, 2H). °C NMR (101 MHz, DMSQdg) 6 ppm 158.85, 144.72, 143.25, 139.87, 134.67,
133.05, 129.67, 128.05, 127.64, 126.77, 126.68,6026HRMS (ESI,m/2): calculated for
C13H11N4OsS [M+H]" 303.0546; found 303.0531.

4-(7,8-Dimethoxy- 1-oxophthal azin-2(1H)-yl )benzenesul fonamide (9b)

Yield 326 mg (90 %). White solid, m.p. 263-262. *H NMR (400 MHz, DMSOds) 5§ ppm 8.40

(s, 1H), 7.94 (dJ= 8.3 Hz, 2H), 7.81 (dJ= 8.3 Hz, 2H), 7.76 (s, 2H), 7.47 (s, 2H), 3.973(d),
3.81 (s, 3H)X*C NMR (101 MHz, DMSOdg) 6 ppm 156.94, 156.14, 148.37, 145.14, 142.95,
139.31, 126.88, 126.47, 124.62, 124.46, 121.96,901961.57, 56.92. HRMS (EShv2):
calculated for gH1sN305S [M+H]" 362.0805; found 362.0819.

4-(4-Methyl-1-oxophthal azin-2(1H)-yl)benzenesulfonamide (9¢)

Yield 243 mg (77 %). White solid, m.p. 257-258.*H NMR (400 MHz, DMSOdg) 6 ppm 8.37

(d, J= 7.8 Hz, 1H), 8.05 — 8.00 (m, 2H), 7.98 — 7.91 8H), 7.90 — 7.85 (m, 2H), 7.46 (s, 2H),
2.62 (s, 3H)*C NMR (101 MHz, DMSOdg) 6 ppm 158.74, 145.34, 144.74, 143.06, 134.52,
132.73, 129.64, 127.88, 127.16, 126.57, 126.431619. HRMS (ESI,nV2): calculated for
C1sH14N305S [M+H]" 316.0750; found 316.0762.

General Procedure (GP2) for the synthesis of compounds 8c-f, 8i-h

A mixture of 4-(4,5-dichloro-6-oxopyridazin-1(6H)}genzenesulfonamide (1 mmol),
triethylamine (0.15 ml, 1,1 mmol) and 1,05 mma eppropriated amine in ethanol (15-25 ml)
was heated under reflux for 24 hours. After coolthg precipitated solids were collected,
washed with water, ethanol and dried to afford tile compound without any additional

purification.
4-(5-Chloro-4-(4-ethyl pi perazin-1-yl)-6-oxopyridazn-1(6H)-yl ) benzenesul fonamide (8c)

Yield 490 mg (79 %). White solid, m.p. 261-261;5°H NMR (400 MHz, DMSO€g) § ppm
8.15 (s, 1H), 7.93 (dI= 8.7 Hz, 2H), 7.75 (dJ= 8.7 Hz, 2H), 7.46 (s, 2H), 3.56 — 3.47X),4.9
Hz, 4H), 2.39 (gJ= 7.2 Hz, 2H), 1.04 (t)= 7.2 Hz, 3H).*C NMR (101 MHz, DMSOdg) 6



ppm 157.52, 147.63, 144.24, 143.56, 133.66, 124.88,34, 113.62, 52.81, 51.97, 49.00, 12.29.
HRMS (ESI,m/2): calculated for GH2CIN5OsS [M+H]* 398.1048; found 398.1049.

4-(4-(Azepan-1-yl)-5-chlor o-6-oxopyridazin-1(6H)-yl ) benzenesulfonamide (8d)

Yield 353 mg (92 %). White solid, m.p. 207-208. *H NMR (400 MHz, DMSOds) 5§ ppm 8.10
(s, 1H), 7.92 (dJ= 8.6 Hz, 2H), 7.76 (d)= 8.6 Hz, 2H), 7.45 (s, 2H), 3.78 (& 5.9 Hz, 4H),
1.79 (s, 4H), 1.57 (s, 4H}3C NMR (101 MHz, DMSOQdg) 6 ppm 157.61, 146.01, 144.33,
143.23, 132.11, 126.54, 126.08, 106.58, 52.10,&&8.50. HRMS (ESl'z): calculated for
C16H19CIN4OsS [M+H]" 383.0939; found 383.0937.

4-(5-Chloro-4-mor pholino-6-oxopyridazin-1(6H)-yl)benzenesul fonamide (8e)

Yield 315 mg (85 %). White solid, m.p. 255-256. *H NMR (400 MHz, DMSO€s) 5§ ppm 8.16

(s, 1H), 7.93 (dJ= 8.7 Hz, 2H), 7.76 (dJ= 8.7 Hz, 2H), 7.46 (s, 2H), 3.79 — 3.69 (m, 4HHKRB
—3.47 (m, 4H)**C NMR (101 MHz, DMSOds) 6 ppm 157.50, 147.60, 144.21, 143.61, 133.59,
126.65, 126.35, 114.22, 66.62, 49.35. HRMS (B®4): calculated for gH1sCIN4O4S [M+H]"
371.0575; found 371.0562.

4-(5-Chloro-4-(3,4-dihydroisoquinolin-2(1H)-yl)-6-oxopyridazn-1(6H)-yl ) benzenesul fonamide
(8f)

Yield 190 mg (49 %). White solid, m.p. 283-282. *H NMR (400 MHz, DMSOds) 5§ ppm 8.23

(s, 1H), 7.94 (dJ= 8.6 Hz, 2H), 7.77 (dJ= 8.6 Hz, 2H), 7.47 (s, 2H), 7.22 (s, 4H), 4.762(4),
3.81 (s, 2H), 3.01 (s, 2HYC NMR NMR (101 MHz, DMSOds) 6§ ppm 157.58, 147.64, 144.27,
143.53, 134.57, 133.72, 133.19, 129.20, 127.14,7426.26.64, 126.61, 126.31, 112.51, 50.88,
47.34, 28.99. HRMS (ESIm2): calculated for GH1sCIN4OsS [M+H]" 417.0783; found
417.0776.

4-(5-Chloro-6-0x0-4-(4-(pyridin-2-yl)pi perazin-1-yl)pyridazin-1(6H)-yl )benzenesul fonamide (8i)

Yield 340 mg (81 %). Beige solid, m.p. 302-304*H NMR (400 MHz, DMSOsdg) J ppm 8.18

(d, J= 15.0 Hz, 2H), 7.95 (dI= 7.5 Hz, 2H), 7.78 (dJ= 7.4 Hz, 2H), 7.53 (dJ= 41.2 Hz, 3H),
6.89 (d,J= 7.9 Hz, 1H), 6.70 (s, 1H), 3.66 (s, 8HJC NMR (101 MHz, DMSOds) 6 ppm
159.18, 157.53, 148.08, 147.69, 144.24, 143.58,143833.66, 126.66, 126.33, 113.87, 107.74,
48.64, 45.19. HRMS (ESIm2): calculated for GH,oCINgOsS [M+H]" 447.1001; found
447.1015.

4-(4-(Benzylamino)-5-chl or 0-6-oxopyridazin-1(6H)-yl ) benzenesul fonamide (89)



Yield 207 mg (53 %). White solid, m.p. 225-226.° ;H NMR (400 MHz, DMSOsds) o ppm
8.01 (s, 1H), 7.89 (dJ= 8.5 Hz, 2H), 7.72 (dJ= 8.5 Hz, 2H), 7.66 (t)= 6.4 Hz, 1H), 7.44 (s,
2H), 7.38 (d,J= 4.3 Hz, 4H), 7.29 (m, 1H), 4.67 (d= 6.4 Hz, 2H)."*C NMR (101 MHz,
DMSO-ds) 6 ppm 156.71, 144.89, 144.33, 143.30, 139.42, 129129.00, 127.69, 127.32,
126.49, 126.33, 105.34, 45.69. HRMS (E&V2): calculated for @HisCIN4OsS [M+H].
391.0626; found 391.0619.

4-(5-Chloro-4-((3-mor pholinopropyl Jamino)-6-oxopyridazn-1(6H)-yl ) benzenesulfonamide (8h)

Yield 294 mg (69 %). White solid, m.p. 196 -197.°*H NMR (400 MHz, DMSOdg) 5 ppm
8.18 (s, 1H), 7.91 (dI= 8.0 Hz, 2H), 7.74 (dJ= 7.9 Hz, 2H), 7.45 (s, 2H), 7.14 (s, 1H), 3.69 —
3.42 (m, 6H), 2.37 (s, 6H), 1.75 (s, 2HC NMR (101 MHz, DMSOdg) 6 ppm 156.69, 145.02,
144.44, 143.22, 129.21, 126.52, 126.27, 104.36%&6.30, 53.77, 41.74, 26.20. HRMS (ESI,
m/z): calculated for GH2,CIN5O,S [M+H]" 428.1154; found 428.11509.

General procedure 3 (GP3) of hydrogenation of 8a and 8c-i

The chloro compound8é or 8c-i) (1 mmol) was suspended in 20 mL of methanol \tfi&
addition of (2,1 or 1,1 mmol respectively) of thglamine. After the mixture was purged with
inert atmosphere, 5 mg of 10 % palladium on cartatalyst (2-5 % by weight da or 8c-i)
was added, and the mixture was treated with hydragges at 5 bar in a Parr hydrogenation
apparatus for 16 h at 50 °C. The hot mixture wisréd through a Celite pad, and the pad was
washed with 30 mL of boiling methanol. The filtrat@ere combined and evaporated in vacuo to
dryness at 50 °C. The residue was triturated widhewand filtered to yield of crude product.

Recrystallization of a small sample from ethanelded an analytical sample.
4-(6-Oxopyridazin-1(6H)-yl)benzenesulfonamide (8a)

Yield 199 mg (79 %). white solid, m.p. 170-172. *H NMR (400 MHz, DMSO#ds) § ppm 8.20
— 7.70 (m, 5H), 7.48 (s, 3H), 7.12 (s, 14jC NMR (101 MHz, DMSOds) 6 ppm 159.74,
144.28, 143.75, 138.51, 133.12, 131.35, 126.66,4826HRMS (ESI,m/2): calculated for
C10HoN30sS [M+H]" 252.0437; found 252.0449.

4-(4-(4-Ethyl pi perazin-1-yl)-6-oxopyridazin-1(6H)-yl )benzenesul fonamide (8c)

Yield 233 mg (64 %). Beige solid, m.p. 221-222. *‘H NMR (400 MHz, DMSOsg) J ppm
8.24 (d,J= 2.7 Hz, 1H), 7.88 (dJ= 8.7 Hz, 2H), 7.75 (dJ= 8.7 Hz, 2H), 7.41 (s, 2H), 5.93 (d,
J= 2.6 Hz, 1H), 3.56 — 3.38 (m, 4H), 2.48 — 2.41 4H), 2.37 (qJ= 7.2 Hz, 2H), 1.03 (t)=
12.9, 5.8 Hz, 3H)*C NMR (126 MHz, DMSOds) 6 ppm 160.36, 149.95, 144.37, 142.78,



131.76, 126.42, 125.82, 100.02, 52.13, 51.92, 4612436. HRMS (ESIm/z): calculated for
C16H21N503S ['\/H‘H]Jr 364.1438; found 364.1444.

4-(4-(Azepan-1-yl)-6-oxopyridazin-1(6H)-yl)benzenesulfonamide (8k)

Yield 272 mg (78 %). White solid, m.p. 199-200. *H NMR (400 MHz, DMSOds) 5§ ppm 8.11
(d, J= 1.7 Hz, 1H), 7.89 (dJ= 8.4 Hz, 2H), 7.77 (dJ= 8.4 Hz, 2H), 7.42 (s, 2H), 5.71 @ 1.5
Hz, 1H), 3.55 (s, 4H), 1.73 (s, 4H), 1.52 (s, 4% NMR (101 MHz, DMSQdg) 6 ppm 160.36,
148.52, 144.53, 142.56, 130.74, 126.36, 125.7137649.34, 26.49. HRMS (EShv2):
calculated for GH2oN403S [M+H]" 349.1329; found 349.1328.

4-(4-Mor pholino-6-oxopyridazin-1(6H)-yl)benzenesulfonamide (8l)

Yield 299 mg (89 %). White solid, m.p. 193-184*H NMR (400 MHz, DMSOdg) § ppm 8.24
(s, 1H), 7.84 (ddJ= 53.1, 8.4 Hz, 4H), 7.43 (s, 2H), 5.97 (s, 1HY.23(s, 4H), 3.42 (s, 4H}*C
(101 MHz, DMSOsdg) 6 ppm 160.35, 150.14, 144.33, 142.83, 131.59, 126.28.83, 100.29,
65.96, 46.25. HRMS (ESiy2): calculated for @H;7N404S [M+H]" 337.0965; found 337.0958.

4.3. Carbonic anhydrase inhibition assay

An Applied Photophysics stopped-flow instrument bhasn used for assaying the CA catalyzed
CO, hydration activity [36]. Phenol red (at a concation of 0.2 mM) has been used as
indicator, working at the absorbance maximum of BBV, with 20 mM Tris (pH 8.3) as buffer,
and 20 mM NgSO, (for maintaining constant the ionic strength)/daling the initial rates of
the CA-catalyzed COhydration reaction for a period of 10-100 s. Th®, @oncentrations
ranged from 1.7 to 17 mM for the determination bé tkinetic parameters and inhibition
constants. For each inhibitor at least six tradethe initial 5-10% of the reaction have been
used for determining the initial velocity. The utadgzed rates were determined in the same
manner and subtracted from the total observed.r&tesk solutions of inhibitor (0.1 mM) were
prepared in distilled-deionized water and dilutiapsto 0.005 nM were done thereafter with the
assay buffer. Inhibitor and enzyme solutions wemrgingubated together for 15 min at room
temperature prior to assay, in order to allow f@ formation of the E-I complex. The inhibition
constants were obtained by non-linear least-squaetbods using PRISM 3 and the Cheng-
Prusoff equation, as reported earlier, and reptedem mean from at least three different
determinations. All CA isoforms were recombinanésmbtained in-house [37-40].

4.4. Céll viability assay

Human cell lines were maintained at 37°C in humedifatmosphere containing air and 5%,CO

as previously described [41]. Retinal pigment egith cells ARPE-19 were obtained from



American Type Culture Collection (ATCC, Manassa#, WSA). Human melanoma cell line
SK-MEL-2 were obtained from BioloT (Saint PetersigurRussian Federation). Pancreas ductal
adenocarcinoma cells PANC-1 were obtained from Rossollection cell cultures at the
Institute of Cytology RAS (Saint Petersburg, Russkederation). Cell line were grown in
Dulbeccos Modified Eagle’s Medium-F12 (BioloT) caming 10% (v/v) heat-inactivated fetal
calf serum (FCS, HyClone Laboratories, UJSA), 1% L-glutamine, 1% sodium pyruvate, 50
U/mL penicillin, and 50ug/mL streptomycin (BioloT).Cytotoxicity of carbonic anhydrase
inhibitors was evaluated using a routine colorimemethod with tetrazolium dye — 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brodae (MTT). The cell lines were incubated for
48 h under normoxia and in the presence of the Xigpmimicking agent 5uM Co”* with
medium containing different concentrations of caiboanhydrase inhibitors. Following
treatment, Dulbeccos Modified Eagle’s Medium-F1@Q L/ well) and 20uL of a 2.5 mg/mL
MTT solution were added and cells were incubated.fb at 37 °C. The used cell density was 5
x 10° cells/200uL/well in 96-well microtiter plates. After aspirati of the supernatants, the
MTT-formazan crystals formed by metabolically aeticells were dissolved in dimethyl
sulfoxide (100uL/well) and absorbance was measured at 540 nm 86dné in Varioskan
LUX™ Multimode Microplate Reader (Thermo ScientjfidSA). Values measured at 540 nm
were subtracted for background correction at 690 aimd the data were plotted as a percent of

control untreated samples.

4.5. Molecular modeling studies

The crystal structures ¢iCA 1l (PDB code 2AW1) andhCA IX (PDB code 3IAl) were taken
from the Protein Data Bank [42]. Molecular dockimglculations were performed with
AUTODOCK 4.2 [43] using the improved force field44 Autodock Tools were employed for
identifying the torsion angles in the ligand, alld solvent model and assign the Kollman atomic
charges to the protein. Ligand charges were cakullavith the Gasteiger method. A grid
spacing of 0.375 A and a distance-dependent fumctidhe dielectric constant were used for the
energetic map calculations. The ligands were stdgeto a robust docking procedure already
used in virtual screening and pose prediction stidi5-46]. Each docked compound was
subjected to 200 runs of the AUTODOCK search ugimgy Lamarckian Genetic Algorithm
performing 10 000 000 steps of energy evaluatidme fiumber of individuals in the initial
population was set to 500 and a maximum of 10 @d&nerations were simulated during each
docking run. All other settings were left as thafaults and the best docked conformations were
taken into account. The selected docking poses there refined through energy minimization

in explicit water environment [47]. The ligand-pgot complexes were minimized employing



Amber 16 software [48] with ff14SB force field. Tloemplexes were placed in a rectangular
parallelepiped water box, using the TIP3P expbalvent model for water, and were solvated
with a 15 A water cap. Sodium ions were added asiten ions to neutralize the system. Two
minimization stages consisting of 5000 steps admtet descent followed by conjugate gradient,
until a convergence of 0.05 kcal/A mol, were themfgrmed. In the first one, the protein was
kept rigid with a position restraint of 100 kcal//%’ to uniquely minimize the positions of the

water molecules. In the second stage, the entsteisywas energy minimized by applying a

harmonic potential of 10 kcal/mol?/&nly to the protein: carbons.
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A small set of pyridazine carbonic anhydrase inhibitors (CAls) was reported earlier
A larger set was designed which delivered potent inhibitors of CA IX isoform

This membrane-bound isoform is considered a promising cancer target

Two compounds showed potential to selectively kill cancer cells

SAR findings have been rationalized by in silico docking experiments



