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Inhibition of 13 mammalian isoforms of the metalloenzyme carbonic anhydrase (CA, EC 4.2.1.1), CAI-XV,
with thioxolone (6-hydroxy-1,3-benzoxathiol-2-one) and two sulfonamides was investigated. Thioxo-
lone was inefficient for generating isozyme-selective inhibitors, since except for CA I which is inhibited
in the nanomolar range (K; of 91 nM), the remaining 12 isoforms were inhibited with a very flat profile
(Kis in the range of only 4.93-9.04 uM). In contrast to thioxolone, 3,5-dichloro-4-hydroxybenzenesulf-
onamide as well as the clinically used heterocyclic sulfonamide acetazolamide showed K;s in the range
of 58 nM-78.6 uM and 2.5 nM-200 pM, respectively, against the 13 investigated mammalian CAs. The
sulfonamide zinc-binding group is thus superior to the thiol one for generating CA inhibitors with a var-
ied and sometimes isozyme-selective inhibition profile against the mammalian enzymes.

© 2008 Elsevier Ltd. All rights reserved.

Inhibitors or activators of the metalloenzyme carbonic anhy-
drase (CA, EC 4.2.1.1) have several medical applications, such as
among others in the treatment of glaucoma, as diuretics, in the
management of several neurological disorders, including epilepsy,
possibly in the treatment of Alzheimer’s disease, whereas several
agents are in clinical evaluations as antiobesity or antitumor
drugs/diagnostic tools.!? This variety of medical applications is
undoubtedly due to the large number of isoforms presently known
in mammals (16 isozymes in non-primates and 15 in primates, all
belonging to the o-CA gene family, have been described to date)'
and to their specific physiologic functions.'™* The reverse of the
medal is constituted by the fact that it is relatively difficult to de-
sign agents (inhibitors or activators) with specificity or selectivity
for any of these isoforms,'~> and as a consequence, many pharma-
cological agents belonging to the class of the CA inhibitors (CAls) or
CA activators (CAAs) act as promiscuous inhibitors/activators of
most isozymes with physiological/pathological relevance, and as
drugs they show undesired side effects. The search of isozyme-
selective or -specific inhibitors and activators is thus a goal pur-
sued by many groups.!#¢-1°

The major classes of CAls are constituted by the unsubstituted
sulfonamides and their bioisosteres (i.e., the sulfamates, sulfa-
mides, and related compounds)'~>°~2 and by the metal-complex-
ing anions,!? which bind to the Zn(II) ion of these enzymes either
by substituting the non-protein zinc ligand to generate a tetrahe-
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dral adduct or by addition to the metal coordination sphere, gener-
ating trigonal-bipyramidal species, and are non-competitive
inhibitors with CO, as substrate (Fig. 1A and B).!~> This is in net
contrast to the binding mode of phenols, a third class of CAls,®
which does not substitute the non-protein zinc ligand, but interact
with it by means of the two hydrogen bonds as shown in Figure
1C.83 Such a particular binding mode offers the possibility to design
CAls possessing a different inhibition mechanism as compared to
the classical sulfonamide or sulfamate inhibitors,>™ as we recently
showed by investigating a series of phenols as inhibitors of the 12
catalytically active CA isoforms.®” On the same research line, Vu et
al.” showed that a simple coumarine derivative is an effective bo-
vine CA II inhibitor, but its binding mode has not been detailed
up to now, whereas Tripp’s group, in an elegant study,® showed
thioxolone (6-hydroxy-1,3-benzoxathiol-2-one) 1 to be a CAI with
characteristics of a prodrug, since the compound is rapidly hydro-
lyzed by human (h) hCA II to the corresponding 4-mercapto-ben-
zene-1,3-diol 2, which acts as a medium potency hCA II inhibitor
(an ICsg of 1.77 uM has been reported for thioxolone by an esterase
assay method with 4-nitrophenyl acetate as substrate,®® and a K; of
314 pM was then reported by the same group by an '0-exchange
activity measurement assay).®® The binding mode of the actual CAI,
that is, thiophenol 2, was then determined by means of X-ray crys-
tallography,®® being shown that the SH moiety of 2 acts as zinc-
binding group, being coordinated to the Zn(II) ion within the hCA
Il active site, and also participating to a hydrogen bond with the
OH moiety of Thr199, an amino acid residue involved in the bind-
ing of most CAls to the enzyme (Fig. 1D).'"®
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Figure 1. Schematic representation for the interactions of four classes of CAls with the enzyme active site: (A) sulfonamides (and their isosteres, sulfamate, and sulfamide)
inhibitors, (B) inorganic anion inhibitors (thiocyanate as an example), (C) phenol(s), (D) thiophenols (4-mercapto-benzene-1,3-diol). The interactions in which phenol and 4-
mercapto-benzene-1,3-diol participate when bound to the hCA II active site are shown in detail (figures represent distances in A; hydrogen bonds are represented as dashed

lines).
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Heterocyclic'® and aliphatic!“ thiols have in fact been evaluated
as CAls by our group earlier, being shown that many such deriva-
tives are potent inhibitors of several physiologically relevant iso-
forms, such as CA I, I, IV, and IX. However, no X-ray
crystallographic characterization of such adducts has been per-
formed yet, the aromatic thiophenol 2 being the first thiol com-
pound for which the X-ray crystal structure in complex with hCA
II has been reported by Tripps group.®® In the same interesting
work,?® in which only hCA II inhibition with compound 1 has been

investigated, it has been stated that the thioxolones as a class of
prodrug CAls may show advantage over the sulfonamides in
obtaining isozyme-selective inhibitors. Here, we test this hypothe-
sis of Barrese et al.,’" and investigate the inhibition of the 13 cata-
lytically active mammalian isozymes (CA [-XV) with thioxolone 1
as compared to a simple, structurally similar to 1 sulfonamide, that
is, compound 3, as well as the classical, clinically used sulfonamide
inhibitor acetazolamide 4.'>'® Sulfonamide 3 has been chosen as a
comparison inhibitor to 1, as it contains the benzenesulfonamide
scaffold substituted with three groups, one of which is an OH moi-
ety in para to the zinc-binding group (ZBG), also present in the
hydrolysis product of compounds 1 and 2. Thus, the common fea-
tures of 2 and 3 is that they both possess a ZBG (of thiol and sulfon-
amide type, respectively) and a para-OH phenol group with respect
to the ZBG. The difference consists in the substitution pattern of
the remaining moieties, as 2 contains an additional OH moiety in
ortho to the ZBG, whereas 3 has two chlorine atoms in meta to
the ZBG. However, the two scaffolds are simple and similar enough
to make a comparison between their inhibitory activity relevant
enough to resolve the issue whether thioxolones may offer advan-
tages over sulfonamides for the design of isozyme-selective CAls.
Acetazolamide 4 on the other hand has been included in the study
as it is the best characterized, reference CAL!?
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Table 1

Inhibition of mammalian isozymes CA I-XV (h, human; m, murine isoform) with
thioxolone 1, and sulfonamides 3 (aromatic) and 4 (heterocyclic), by a stopped-flow,
CO,, hydration assay method*®

Isozyme? K€ (uM)

1 3 4
hCA 1 0.091 + 0.002 7.50 + 0.34 0.250 +0.013
hCA Il 6.82+0.319 0.058 +0.003 0.012 £ 0.0006
hCA 111 6.56 +0.26 78.6 +3.4 20011
hCA IV 8.41 +0.40 0.072 +0.002 0.074 + 0.003
hCA VA 7.06 +0.35 0.62 +0.03 0.063 + 0.002
hCA VB 9.04+0.21 0.61 +0.01 0.054 + 0.003
hCA VI 4.93+0.23 6.17+0.27 0.011 + 0.0005
hCA VIl 5.73+0.18 0.072 + 0.004 0.0025 + 0.0001
hCA 1X° 6.67 +0.30 0.081 + 0.003 0.025 + 0.001
hCA XII° 7.79 £0.39 0.076 + 0.004 0.0057 +0.0002
mCA XIII 8.23£0.25 6.53 £0.25 0.017 + 0.0006
hCA XIV 8.59 + 0.44 8.12+0.43 0.041 +0.002
mCA XV 7.87 £0.29 0.78 £ 0.03 0.072 + 0.004

2 h, human; m, murine isozyme.

b Catalytic domain.

¢ Means * standard error from three different assays.

9 In Ref. 6a an ICsq of 1.77 M is reported by an esterase assay method with 4-
nitrophenyl acetate as substrate, and in Ref. 6b; a K; of 314 uM is reported by the
same group by an '80-exchange activity measurement assay.

Data of Table 1 allow the following insights regarding inhibition
of the 13 catalytically active mammalian isozymes CA [-XV with
thioxolone 1 and sulfonamides 3 and 4: (i) thioxolone showed a
behavior of efficient hCA I inhibitor, with a K; of 91 nM, being a
much weaker inhibitor of isozymes II-XV, for which it showed
Kis in the range of 4.93-9.04 uM. The most striking feature of these
data is the very flat inhibition profile of all isoforms except hCA I,
with a variation of around only 4 uM units among very different
isoforms such as the cytosolic ones CA II, III, VII, and XIII, the mito-
chondrial ones CA VA and VB, the membrane-anchored ones CA IV
and XV, the secreted one CA VI, as well as the transmembrane ones
CA IX, XII, and XIV; (ii) the aromatic sulfonamide 3 behaved as a
very inefficient CA IIl inhibitor (K; of 78.6 nM), was a more efficient,
low micromolar inhibitor for isoforms hCA I, hCA VI, mCA XIII, and
hCA XIV (Kis in the range of 6.17-8.12 uM), and showed submi-
cromolar inhibition constants against hCA VA, hCA VB, and mCA
XV (K;s in the range of 0.61-0.78 uM). On the other hand, 3 was
a nanomolar inhibitor of isozymes hCA II, hCA 1V, hCA VII, hCA
IX, and hCA XII, with inhibition constants in the range of 58-
81 nM (Table 1). It is already obvious that the inhibition profile
of the 13 CA isozymes with sulfonamide 3 is much more varied
as compared to that of thioxolone 1, since the variation of Kis
among the various isozymes is in the range of 58 nM (for the best
inhibited one, CAII) to 78.6 uM, for the least inhibited isoform, that
is, CA III; (iii) a rather similar situation as the one described for
compound 3, is observed comparing the inhibition data or the 13
CA isozymes with the clinically used sulfonamide acetazolamide
4 (only that the heterocyclic sulfonamide 4 is generally a much
more potent inhibitor as compared to the aromatic one 3 against
most CA isoforms, a feature already observed earlier when compar-
ing heterocyclic over aromatic sulfonamide CAls).!~® Thus, aceta-
zolamide is a weak hCA III inhibitor (K; of 200 uM) and a
submicromolar hCA 1 inhibitor (K; of 0.250 uM), being a low
nanomolar inhibitor for all other isoforms, with Kis in the range
of 2.5-74 nM (Table 1). It is obvious from these data, as already
mentioned above, that acetazolamide is a promiscuous CAI, which
leads to many undesired side effects of this drug when used for the
treatment of glaucoma®? or gastrointestinal ulcers.>®> However, it is
also clear that sulfonamides have no real competitors in terms of
potency and variation of inhibitory properties among the various
isozymes, as compared to other classes of CAls, such as the phe-

nols® or the thiophenols (including the prodrugs of thioxolone
type).% It should also be mentioned that there are examples of sul-
fonamides’** and sulfamides?®> showing a high degree of selectiv-
ity for inhibiting some physiologically relevant isoforms, such as
CA IX and XII among others.

In conclusion, we prove here that thioxolone as a prodrug is
inefficient for generating isozyme-selective CAls, since except
for CA I which is inhibited in the nanomolar range (K; of
91 nM), the remaining 12 catalytically active mammalian CA iso-
forms (CA II-XV) were inhibited with a very flat profile (Kis in
the range of only 4.93-9.04 uM). In contrast to thioxolone, an
aromatic simple sulfonamide (3,5-dichloro-4-hydroxybenzene-
sulfonamide) as well as the clinically used heterocyclic sulfon-
amide acetazolamide showed Kis in the range of 58 nM-
78.6 uM, and 2.5 nM-200 pnM, respectively, against the 13 inves-
tigated mammalian CA isoforms.

Acknowledgments

This research was financed in part by two grants of the 6th
Framework Programme of the European Union (EUROXY and DeZ-
nIT Projects). Thanks are addressed to Prof. S. Parkkila and Dr. M.
Hilva (Tampere University, Finland) for the gift of mCA XV used
in this work.

References and notes

1. (a) Supuran, C. T. Nat. Rev. Drug Discov. 2008, 7, 168; (b) Supuran, C. T.;
Scozzafava, A. Bioorg. Med. Chem. 2007, 15, 4336.

2. (a) Supuran, C. T.; Scozzafava, A.; Conway, J. Carbonic Anhydrase—Its Inhibitors
and Activators; CRC Press: Boca Raton, New York, London, 2004. pp 1-363; (b)
Winum, J. Y.; Rami, M.; Scozzafava, A.; Montero, ]. L.; Supuran, C. Med. Res. Rev.
2008, 28, 445; (c) Supuran, C. T.; Scozzafava, A.; Casini, A. Med. Res. Rev. 2003,
23, 146.

3. (a) Pastorekova, S.; ParkKila, S.; Pastorek, J.; Supuran, C. T. J. Enzyme Inhib. Med.
Chem. 2004, 19, 199; (b) Supuran, C. T.; Scozzafava, A.; Casini, A. Development
of sulfonamide carbonic anhydrase inhibitors. In Carbonic anhydrase - Its
inhibitors Anhydrase—Its Inhibitors and activatorsActivators; Supuran, C. T.,
Scozzafava, A., Conway, J., Eds.; CRC Press: Boca Raton, 2004; pp 67-147.

4. (a) Scozzafava, A.; Mastrolorenzo, A.; Supuran, C. T. Expert Opin. Ther. Pat. 2006,
16, 1627; (b) Thiry, A.; Dogne, J. M.; Supuran, C. T.; Masereel, B. Curr. Top. Med.
Chem. 2007, 7, 855; (c) Supuran, C. T. Therapy 2007, 4, 355; (d) Supuran, C. T.
Curr. Top. Med. Chem. 2007, 7, 825.

5. (a) Thiry, A.; Dogné, J. M.; Masereel, B.; Supuran, C. T. Trends Pharmacol. Sci.
2006, 27, 566; (b) Vullo, D.; Franchi, M.; Gallori, E.; Pastorek, ].; Scozzafava, A.;
Pastorekova, S.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2003, 13, 1005; (c)
Winum, J. Y.; Dogne, ]. M.; Casini, A.; de Leval, X.; Montero, ]. L.; Scozzafava, A.;
Vullo, D.; Innocenti, A.; Supuran, C. T. J. Med. Chem. 2005, 48, 2121; (d) Vullo,
D.; Innocenti, A.; Nishimori, I.; Pastorek, J.; Scozzafava, A.; Pastorekova, S.;
Supuran, C. T. Bioorg. Med. Chem. Lett. 2005, 15, 963.

6. (a) lyer, R.; Barrese, A. A., 3rd; Parakh, S.; Parker, C. N.; Tripp, B. C. J. Biomol.
Screening 2006, 11, 782; (b) Barrese, A. A., 3rd; Genis, C.; Fisher, S. Z.; Orwenyo,
J. N.; Kumara, M. T.; Dutta, S. K.; Phillips, E.; Kiddle, J. ].; Tu, C.; Silverman, D. N.;
Govindasamy, L.; Agbandje-McKenna, M.; McKenna, R.; Tripp, B. C. Biochemistry
2008, 47, 3174.

7. Vu, H.; Pham, N. B.; Quinn, R. ]. J. Biomol. Screening 2008, 13, 265.

8. (@) Nair, S. K.; Ludwig, P. A.; Christianson, D. W. J. Am. Chem. Soc. 1994, 116,
3659; (b) Innocenti, A.; Vullo, D.; Scozzafava, A.; Supuran, C. T. Bioorg. Med.
Chem. Lett. 2008, 18, 1583; (c¢) Innocenti, A.; Hilvo, M.; Scozzafava, A.; Parkkila,
S.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2008, 18, 3593.

9. Kohler, K.; Hillebrecht, A.; Schulze Wischeler, J.; Innocenti, A.; Heine, A,;
Supuran, C. T.; Klebe, G. Angew. Chem., Int. Ed. 2007, 46, 7697.

10. (a) Supuran, C. T. Curr. Pharm. Des. 2008, 14, 603; (b) Supuran, C. T. Curr. Pharm.
Des. 2008, 14, 641; (c) Winum, ]. Y.; Scozzafava, A.; Montero, J. L.; Supuran, C. T.
Curr. Pharm. Des. 2008, 14, 615.

11. (a) Pastorekova, S.; Zatovicova, M.; Pastorek, J. Curr. Pharm. Des. 2008, 14, 685;
(b) Alterio, V.; Vitale, R. M.; Monti, S. M.; Pedone, C.; Scozzafava, A.; Cecchi, A,;
De Simone, G.; Supuran, C. T. J. Am. Chem. Soc. 2006, 128, 8329; (c) Pastorekova,
S.; Pastorek, ]. Cancer-related carbonic anhydrase isozymes and their
inhibition. In Carbonic anhydrase - Its Anhydrase—Its Inhibitors and Activators;
Supuran, C. T., Scozzafava, A., Conway, J., Eds.; CRC Press: Boca Raton, FL, 2004;
pp 255-281.

12. (a) Svastova, E.; Hulikova, A.; Rafajova, M.; Zatovicova, M.; Gibadulinova, A.;
Casini, A.; Cecchi, A.; Scozzafava, A.; Supuran, C. T.; Pastorek, ]J.; Pastorekova,
S. FEBS Lett. 2004, 577, 439; (b) Supuran, C. T. Expert Opin. Invest. Drugs
2003, 12, 283; (c) Cecchi, A.; Hulikova, A.; Pastorek, ].; Pastorekova, S.;
Scozzafava, A.; Winum, ].-Y.; Montero, J.-L.; Supuran, C. T. J. Med. Chem.
2005, 48, 4834.



13.

15.

16.

A. Innocenti et al./Bioorg. Med. Chem. Lett. 18 (2008) 3938-3941

(a) Zareef, M.; Innocenti, A.; Igbal, R.; Zaidi, ]. H.; Arfan, M.; Scozzafava, A.;
Supuran, C. T. J. Enzyme Inhib. Med. Chem. 2006, 21, 351; (b) Almajan, G. L,;
Innocenti, A.; Puccetti, L.; Manole, G.; Barbuceanu, S.; Saramet, I.; Scozzafava,
A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2005, 15, 2347; (c) Abdel-Hamid, M.
K.; Abdel-Hafez, A. A.; El-Koussi, N. A.; Mahfouz, N. M.; Innocenti, A.; Supuran,
C. T. Bioorg. Med. Chem. 2007, 15, 6975; (d) Almajan, G. L.; Barbuceanu, S. F.;
Innocenti, A.; Scozzafava, A.; Supuran, C. T. J. Enzyme Inhib. Med. Chem. 2008,
23,101.

. Innocenti, A.; Hilvo, M.; Scozzafava, A.; Lindfors, M.; Nordlund, H. R.; Kulomaa,

M. S.; Parkkila, S.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2008, 18, 1898.
Sulfonamide 3 was prepared from the corresponding sulfonyl chloride
(commercially available from Acros, Milan, Italy) and ammonia as described
in Ilies, M. A.; Vullo, D.; Pastorek, ]J.; Scozzafava, A.; llies, M.; Caproiu, M. T.;
Pastorekova, S.; Supuran, C. T. J. Med. Chem. 2003, 46, 2187. Thioxolone 1, thiol
2, and acetazolamide 4 were from Sigma-Aldrich (Milan, Italy).

Khalifah, R. G. J. Biol. Chem. 1971, 246, 2561. An SX.18MV-R Applied
Photophysics (Oxford, UK) stopped-flow instrument has been used to assay
the catalytic/inhibition of various CA isozymes. Phenol red (at a concentration
of 0.2 mM) has been used as indicator, working at the absorbance maximum
of 557 nm, with 10 mM Hepes (pH 7.4) as buffer, 0.1 M Na,SO4 or NaClO,4 (for
maintaining constant the ionic strength—these anions are not inhibitory in
the used concentration),'>!> following the CA-catalyzed CO, hydration
reaction for a period of 5-10s. Saturated CO, solutions in water at 25 °C
were used as substrate. Stock solutions of inhibitors were prepared at a
concentration of 10 mM (in DMSO-water, 1:1 v/v) and dilutions up to 0.1 nM
done with the assay buffer mentioned above. At least seven different
concentrations of inhibitor were used to make the inhibition
measurements, ranging from 0.1nM to 100 pM. Inhibitor and enzyme
solutions were preincubated together for 15 min at room temperature prior
to assay, to allow for the formation of the E-I complex and the hydrolysis of
thioxolone with formation of the thiol inhibitor.®® Triplicate experiments
were done for each inhibitor concentration, and the values reported
throughout the paper are the mean of such results + standard error (n=3).

17.

18.

19.

20.

21.

22.
23.

24.

25.

3941

Kis were obtained from Lineweaver-Burk plots, as reported earlier.!”!

Recombinant CA isozymes have been obtained as reported earlier by this
group.l7—21.

(a) Parkkila, S.; Vullo, D.; Puccetti, L.; Parkkila, A. K.; Scozzafava, A.; Supuran, C.
T. Bioorg. Med. Chem Lett. 2006, 16, 3955; (b) Vullo, D.; Nishimori, I.; Innocenti,
A.; Scozzafava, A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2007, 17, 1336.

(a) Vullo, D.; Innocenti, A.; Nishimori, I.; Scozzafava, A.; Kaila, K.; Supuran, C. T.
Bioorg. Med. Chem. Lett. 2007, 17, 4107; (b) Nishimori, L.; Onishi, S.; Vullo, D.;
Innocenti, A.; Scozzafava, A.; Supuran, C. T. Bioorg. Med. Chem. 2007, 15, 5351.
Nishimori, I.; Minakuchi, T.; Onishi, S.; Vullo, D.; Cecchi, A.; Scozzafava, A.;
Supuran, C. T. Bioorg. Med. Chem. 2007, 15, 7229.

(a) Nishimori, I.; Minakuchi, T.; Onishi, S.; Vullo, D.; Scozzafava, A.; Supuran, C.
T. J. Med. Chem. 2007, 50, 381; (b) Nishimori, I.; Vullo, D.; Innocenti, A.;
Scozzafava, A.; Mastrolorenzo, A.; Supuran, C. T. J. Med. Chem. 2005, 48, 7860.
Lehtonen, J.; Shen, B.; Vihinen, M.; Casini, A.; Scozzafava, A.; Supuran, C. T.;
Parkkila, A. K.; Saarnio, J.; Kiveld, A. J.; Waheed, A.; Sly, W. S.; Parkkila, S. J. Biol.
Chem. 2004, 279, 2719.

Mincione, F.; Scozzafava, A.; Supuran, C. T. Curr. Pharm. Des. 2008, 14, 649.
(a) Nishimori, I.; Onishi, S.; Takeuchi, H.; Supuran, C. T. Curr. Pharm. Des. 2008,
14, 622; (b) Nishimori, I.; Minakuchi, T.; Kohsaki, T.; Onishi, S.; Takeuchi, H.;
Vullo, D.; Scozzafava, A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2007, 17, 3585.
(a) Garaj, V.; Puccetti, L.; Fasolis, G.; Winum, J. Y.; Montero, J. L.; Scozzafava, A.;
Vullo, D.; Innocenti, A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2005, 15, 3102;
(b) Garaj, V.; Puccetti, L.; Fasolis, G.; Winum, J. Y.; Montero, ]. L.; Scozzafava, A.;
Vullo, D.; Innocenti, A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2004, 14, 5427,
(c)Rami, M.; Winum, J. Y.; Innocenti, A.; Montero, J. L.; Scozzafava, A.; Supuran,
C. T. Bioorg. Med. Chem. Lett. 2008, 18, 836.

(a) Winum, J. Y.; Temperini, C.; El Cheikh, K.; Innocenti, A.; Vullo, D.; Ciattini, S.;
Montero, J. L.; Scozzafava, A.; Supuran, C. T. J. Med. Chem. 2006, 49, 7024; (b)
Temperini, C.; Winum, ]. Y.; Montero, ]. L.; Scozzafava, A.; Supuran, C. T. Bioorg.
Med. Chem. Lett. 2007, 17, 2795; (c) Winum, J. Y.; Cecchi, A.; Montero, J. L.;
Innocenti, A.; Scozzafava, A.; Supuran, C. T. Bioorg. Med. Chem. Lett. 2005, 15,
3302.



	Carbonic anhydrase inhibitors. inhibitors: Thioxolone versus sulfonamides for obtaining isozyme-selective inhibitors ?inhibitors?
	AcknowledgementAcknowledgments
	References and notes


