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ABSTRACT

A series of potent inhibitors of human carbonicyairase (CA) isoforms | and Il has been prepared
via a direct, chemoselective sulfochlorination aage of 1,3-oxazolyl benzenes and thiophenes,
followed by primary sulfonamide synthesis. Thedatunctionality is a known zinc binding group
(ZBG) responsible for anchoring the inhibitors tee tCA’s zinc metal ion. The compound’s
periphery as well as the overall scaffold geometag designed to enable optimal interactions with
the two distinct sides of the enzyme’s active sitge of which is lined with hydrophobic residues
and while the other is predominantly hydrophilics A result, several compounds inhibiting the
therapeutically important cytosolic CA | and CAirl picomolar range have been identified. These
compounds are one of the most potent CA inhibiidestified to-date. Not only the remarkable
(>10,000-fold), cytosolic CA I and CA Il selectiyivs. the membrane-bound CA IX and CA XIlI
isoforms, but also the pronounced CA 1/l seletyivibserved in some cases, allow considering this
series as a set of isoform-selective chemical bilwols and promising starting points for drug

candidate development.

Keywords: drug discovery, carbonic anhydrase inhibitorsfagu selectivity, anti-glaucoma drugs,
1,3-oxadiazol-5-yl aromatics, chemoselective suifocnation.



1. Introduction

Carbonic anhydrases (CAs) catalyse the fundamdmtadhemical process of carbon dioxide
hydration (a reversible reaction producing a bioadie anion and a proton) and are, therefore, one
of the principal regulators of cellular pH homesiga The potential of this enzyme family as an
important class of biological targets for chemod#ipeutic intervention was recognized several
decades agd.This has led to the development of several effectdrugs in areas as diverse as
ophthalmology (glaucoma), metabolic disease (degf)eind gastroenterology (gastric and duodenal

ulcers)®

The earlier CA inhibitors (CAls) (examples of whighclude acetazolamide, methazolamide,
dorzolamide, brinzolamide — Figure 1) are almostlesively non-selective, pan-inhibitors of all
human CAs (of which there are currently 16 isofolknswn). More recent research efforts were
directed toward the discovery of isoform-select@&ls and understanding the guiding structural
principles that can help achieve the desired seigct

Primary sulfonamides are the central and most prenii class of CAIS. The sulfonamide
functionality in these compounds is responsibledoordination to the enzyme’s prosthetic metal
ion (which is almost exclusively Zhacross the known CAs). It is, therefore, denoted ainc-
binding group (ZBG). It is, however, the CAl molég's periphery that determines the potency and
selectivity. This is illustrated by the evolutiorf the weak and non-selective CA inhibitor
benzenesulfonamifdnto highly potent isoform-selective sulfonamideg (Figure 2)° In the
latter, the substituents in the benzene ring (lessithe pharmacophoric sulfonamide group) are
thought to be responsible for additional contactthe CA active site, some of which are with the
amino acid residues that are unique to specifzyises.

The vast structural information accumulated to-daéeextensive X-ray studies of numerous CA-
CAIl complexes led to establishing a very notabbduee that is characteristic of all the CA active
sites' Regardless of the species, all the known CAs pasgenerally rather big active sites that
are divided into two distinct sides, one of whisHined with hydrophobic residues and the other —
with polar, hydrophilic one¥ While the size of the CA active site may appeazfing in light of

the very small size of the substrates, it is theguwe ‘bipolar’ environment surrounding the catedyt
‘scene’ that allows for an efficient binding of theo closely related, yet vastly different subsrat
molecules - a hydrophobic gas (§@nd a polar, water-soluble anion (HEA?

The information on the specific setup of the CAiaetsite has provided substantial grounds for
designing potent and isoform-selective inhibitoree notable examples include 4-ureidobenzene
sulfonamides recently described by McKenna and Bud According to the X-ray analysis, the

ureido tails in these compounds selectively occopgkets on the hydrophobic side of the active
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site, leading to potent and selective inhibitor<aéf II. Even more striking example of exploration
of the two halves of the CA Il active site with polas well as lipophilic moieties appended onto
acetazolamide molecule was recently disclosed hylsen and Supurdf.In the latter work, a
thorough comparison of single- vs. dual-tail intobs was made, which offered a unique insight
into the importance of varying the nature of thegeery groups on the inhibitor potency toward a
particular CA isoform.

We became interested in using the syntheticallgssible variants of 1,3-oxazol-5-yl aromatics as
the template for linking the pharmacophoric primangjffonamide group and the distal periphery
motifs (polar or lipophilic). Such a template, imiroview could enable several possibilities for
projecting the sulfonamide ZBG toward the ‘bottosh'the active site while the substituents on the
1,3-oxazole ring could not only be easily variedhature but can also be expected to adopt a range
of conformations (due to the rotational freedonmspre in the diaryl linker) for optimal interactions
with both sides of the active site (Figure 3). this paper, we present the synthesis and biological

evaluation of the new CAls conforming to this geelesign idea.

2. Results and discussion

2.1 Chemistry

In order to confirm that the 1,3-oxadiazol-5-yl myatic templates are suitable for the CAI design,
twenty core 5a-t were synthesized using the Robinson-Gabriel sgigheinvolving
cyclodehydration ofa-acylaminoketones (prepared, in turn, in nearly ngitetive yields from
readily available starting materials) under forcanditions, in good yields (Table *)The 1,3-
oxazole precursorSa-o containing lipophilic R groups (Me, cyclopropylyatobutyl) were set
aside for the subsequent introduction of the salfoide ZBGs \ide infra). The five ester
compoundHp-t were promptly transformed into morpholine and pldine carboxamide6a-j as
the ‘polar periphery’ precursors (Scheme 1). ltudtidoe noted that the immediate, direct amidation
of these 1,3-oxazole-2-carboxylic esters was maaday the marked instability of the respective
carboxylic acids (obtained by alkaline hydrolysisward de-carboxylation, even at ambient

temperature.

The 1,3-oxazole substrateSa-o and 6a-j were then subsequently subjected to direct
sulfochlorination and the respective sulfonyl cldes7a-o and8aj were produced in high yields
and as a single regioisomer, as indicated by ttwvar The 1,3-oxazole ring remained intact in the
reaction conditions, in accordance with the literatprecedenlt. The target sulfonamide3a-o

(lipophilic periphery) andlOa-j (polar periphery) were obtained on treatment & tbspective
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sulfonyl chlorides with aqueous ammonia (Schemei@ids are provided in Section 4 of this
article). The regiochemistry of the sulfochlorimatistep (initially determined based & NMR
spectra of the sulfochlorides) was further confidniy the through-space interactions observed in
the NOESY spectra of representative sufonam@iled and9o (see Supplementary Data). Notably,
the choice of the aromatic groups for direct suifodnation determined the wide range of
possibilities for the ZBG sulfonamide to be origath relative to the linear diaryl linker, in

accordance with the general CAI design idea adtedl depicted in Figure 3.

2.2 Biological activity

The biological activity of the twenty-five compouwn®a-o and 10a-j as CA inhibitors was
evaluated against the human CA 1, Il, IX and XlheTcytosolic isoforms | and Il are the usual off-
targets for the membrane-bound isoforms IX and XVhile CA | and Il are both involved in
edem&*° (and CA Il is a classical target for treating glam&?), CA IX and XII are the highly
pursued targets for the development of new cameatrhent with one such compound (SLC-
0111) recently in Phase I clinical trials for theatment of advanced, metastatic solid turidfithe
inhibition data are presented in Table 2 and acggd according to the geometry of the ZBG
sulfonamide relative to the diaryl core, for easa@alysis of the structure-activity relationships
(SAR).

The p-phenylidene-linked subseries is an apparent safrseme really potent and selective CA I
inhibitors: thepicomolar inhibition of the enzyme b®a-c appeared very promising, particularly
when considering the 100-1000-fold selectivity wther three enzymes (including CA ) were
consistently observed. Interestingly, the CA IBlectivity was completely lost in the ‘polar tail’,

carboxamide compound®a-b(the trend is rationalized by in silico dockingeesSection 2.3).

In the m-phenylidene-linked subseries, the inhinitory poteacross all four isoforms appeared to
be depleted for the ‘lipophilic tail’ compounddd(i). However, in the ‘polar tail’ counterpartsOc-

f), the inhibitory effect toward CA Il (and, to sonegtent, toward CA 1X) is abruptly restored,
leading to the best CA II/l and CA II/XIl selectivs (> 100,000-fold) in the entire series
investigated here.

The 2,5-thiophene and 2,4-thiophene-linked subsetisplayed a very interesting SAR pattern,
illustrating, in our view, the intricacy of the hybhobic/hydrophilic ‘tail’ contributions to the
observed compounds’ potency and selectivity. Tbmpounds in question9fo and 10g-))
generally appear biased toward CA Il. It also appean case of the 2,5-thiophene-linked

compounds, that small-alkyl substitutions (exceptlabutyl) in the 1,3-oxazole ring produce



weaker CA Il inhibitors compared to the carboxamsibstitutions in the same position. These
compounds also display a 1000-fold CA 1/l seletjivThis pattern becomes completely scrambled
when it comes to the 2,4-thiophene-linked countespshe selectivity seems to be lost and the 2-
methyl-1,3-oxazole compoun@rf) is nearly equipotent toward CA | and CA Il. Additally, the
CA 1/ CA 1l selectivity of latter subseries appgao be particularly sensitive to the variationshie

carboxamide portion. IndeetiQi is >880-fold less potent thdm j toward CA I.

Overall, the analysis of the biological activitytadwith respect to potency and selectivity) alldwe
us to nominate several front-runners compoundduidher investigation as CA Il inhibitor drug
leads 9a, 10a 10e 10h, 10i). The analysis of the SAR also resulted in sevargbortant

observations that we further attempted to rati@ealia in silico docking experiments using

currently available crystal structures of severali€oforms.

2.3 Docking studies

When the inhibitory activity of compourtth toward the panel of four CAs was compared with tha
of compoundlOa a striking, nearly 10,000-fold difference in tindibition of CA | was noted. The
two compounds differ only with regard to the sulogibn in the 1,3-oxazole ring and display
similar activity patterns on the other three enzgnmEhis observation led us to performsilico
docking experiments in order to determine whakalyi binding pose and the crucial interactions of
compound9a in the CA Il active site could be (vs. the othieree isoforms) and what causes the
drastic change in the CA | potency when the metrglup is replaced with pyrrolidinocrbonyl
substituent (to giva0a).

Figure 4 shows the docking of compoudalinto the active sites of CA I, CA Il, CA IX and CA
XIl. In all four cases, the sulfonamide group adsa ZBG and forms hydrogen bonds to the protein
backbone and the hydroxy group of T196 (CA Il nunmimg, whereas the phenyl ring shows
lipophilic interactions with the conserved A/V119138, V140, L195. In the CA I, IX and XII
isoforms, which are weakly inhibited 8a, the 1,3-oxazole ring itself is not involved inyan
important interactions and the methyl group is a&d toward the solvent-exposed region of the
binding site. Contrary to this picture, in the CIAthe methyl group is disposed into a lipophilic
cleft delimited by the non-conserved 189 and T128s this interaction that could be responsible

for the acitivity bias oPatoward CA II.

When docked into CA II, compouriDa shows a very similar pose to that of compo@adwith
the pyrrolidine moiety forming strong lipophilicteractions with 189 and F128. Contrary to this
situation, due to the mutation of 189 and F128 w80 and L129, respectively, the pyrrolidine



group is rotated about 90 ° and forms lipophiliteractions with L129 and A130 in CA'I. This is
the likely cause for the observed 10 pM inhibitminthe latter isoform. In CA IX, the pyrrolidine
moiety is directed toward the solvent-exposed avdale in CA Xll it is in proximity to the

hydroxy group of S128, displaying no important ratgion (Figure 5).

The next question we sought to address using icostlocking, was the drastic loss of potency
(specifically, vs. CA II) generally observed in thg-phenylidene-linked compounds compared to
their 1,4-phenylidene-linked counterparts @ and9g). As shown in Figure 6A9g displays an
unusual coordination to the zinc ion with a lossh@ hydrogen bond to the nitrogen backbone of
T196, due to the ‘bent’ shape of the 1,3-phenylkdinker and the presence of the methoxy group.
The difference in the crucial anchoring to the zmt betweerfg and9a (Figure 6B) is the likely
cause of the ~100,000-fold difference in the attiof these compounds toward CA 1.

Further, we were interested in comparing thenylidene linked compounds to their 2,5-
thiophene counterparts (the two aromatic groupscaresidered isosteres of each otf@rrhe
pronounced difference in CA inhibition profile b@ses apparent if compound®a and 10g are
comparedl0a (a p-phenylidene-linked compound) is a potent inhibisbrboth CA | and CA 1.
However, 10g (the 2,5-thiophene-linked analog) is >4000 timess|potent toward CA | while
continuing to provide picomolar inhibition of CA The docking oflOgto the active site of the two
enzymes (Figure 7) shows that the pyrrolidine partn the compound still maintains the lipophilic
interactions with 189 and F128 (the same interactiovere observed fatOa — see Figure 5).
Differently, in the CA | active site, the analogdiysophilic interactions with L129 and A130 are

lost, which is the likely cause for the observedidin potency.

Finally, we sought to understand the reason foruther sensitivity of the CA | inhibitory potency
observed in the 2,4-thiophene-linked subserieseddd compound40i and 10j provide nearly
identical inhibition of CA 1l while their CA | potecy differs >800-fold. The CA | docking pose of
compoundlOi (Figure 8A) turned out to be very similar to tiohitompoundLOg (Figure 7A), with
the pyrrolidine ring pointing toward the solventpesed region of the binding site, which correlates
with similar CA | potencies of the two compoundsh&¥ the pyrrolidine motif id0i is replaced
with morpholine (to givel0j), it doesn't alter the docking pose of the commb(0j); however, a
weak hydrogen bond between the morpholine oxygehY&02 (Figure 8B), which is the likely
reason for the observed restoration of CA | potency

3. Conclusions



In this article, we presented the design, synthesid biological evaluation of novel diaryl
sulfonamides as inhibitors of human carbonic anhyels. The twenty five compounds employed in
this study were designed to enable a variationhe tbpology of the sulfonamide zinc-binding
group (relative to the diaryl moiety). More impartly, the compounds incorporated a set of
lipophilic as well as polar side chains in orderatd as probes for the ‘bipolar’ architecture & th
CA active site. Some of the 1,3-oxazole containcognpounds described herein, displayed a
remarkable, picomolar inhibitory potency toward @Aand CA | isoforms and an informative SAR
pattern, which will be very useful in designing tiext generation, optimized CA inhibitors around
this chemotype (and, potentially, other diaryl $alagf). Several front-runner compoun@s,(10a,
10e 10h, 10i) were selected for further studies as drug leddsed on their potency (mostly,
against CA 1l, which is a clinically validated taty as well as selectivity. The results of these

studies as well as further SAR-guided optimizabbthis series will be reported in due course.

4. Experimental protocols

All reactions were carried out in oven-dried glagsavin atmosphere of nitrogen. Melting points
were measured with a Bu@ib20 melting point apparatus and are uncorrectddn-layer
chromatography was carried out on Silufol UV-23#aigel plates using an appropriate mixture of
ethyl acetate and hexane. Compounds were visualiitbdshort-wavelength UV lightH NMR
and**C NMR spectra were recorded on Bruker MSL-300 spewéters in DMSQds using TMS as

an internal standard. Elemental analyses were rdditaat Research Institute for Chemical Crop
Protection (Moscow, Russia) using Carlo ErbaStruamone 1106 analyzer. Mass spectra were
recorded using Shimadzu LCMS-2020 system with edadmpact (EI) ionization. All and reagents

and solvents were obtained from commercial sowandsused without purification.

4.1 Synthesis
4.1.1. General Procedure 1 (GP1): preparation of 1,3-oxazoles 5a-f and 5j-0

An appropriaten-acylamino precursor (13.0 mmol) was added to 9dkphsiric acid. The reaction
mixture was heated at 80 °C under stirring for ii,.8o0led to room temperature and poured into
ice water (100 mL). The solution was neutralizethwd8% aqueous ammonia and extracted with
ethyl acetate (150 mL). The organic extract wasdlrover anhydrous NaQ,, filtered, and

concentrated under reduced pressure to affordedkeamalytically pure 1,3-oxazolBs

4.1.2. General Procedure 2 (GP2): preparation of 1,3-oxazoles 5g-i



An appropriatex-acylamino precursor (10.0 mmol) was added to phosys (V) oxychloride (130
mol). The reaction mixture was heated at 80 °C ustiging for 1.5 h, cooled to room temperature
and poured over crushed ice. The precipitate formasl filtered off, washed with water, air-dried

and further crystallized from acetonitrile to gidesired analytically pure 1,3-oxazokes

4.1.3. 2-Methyl-5-phenyl-1,3-oxazole (5a)

Yellow solid, m.p. 126-128C, vield 82 %;'H NMR (400 MHz, DMSO€s) 5 ppm 8.21 (s, 1H,
Hoxazold, 7.80 (dJ = 7.2 Hz, 2H, 2,6-K;), 7.43 (tJ= 7.2 Hz, 2H, 3,5-K), 7.40 (tJ= 7.2 Hz, 1H,
4-Hpay), 2.47 (s, 3H, Ch); MS mvz (relative intensity) 159 (¥ 100), 118 (15), 117 (68), 116 (38),
105 (47), 89 (46), 90 (50), 76 (36), 77(42), 78(B3 (34), 43 (29), 39 (42), 32 (12); anal. calod f
Ci0H9NO (159.19): C, 75.45; H, 5.70; N, 8.80; found:76,31; H, 5.60; N, 8.83.

4.1.4. 2-Cyclopropyl-5-phenyl-1,3-oxazol e (5b)

Yellow solid, m.p. 123-125C, yield 79 %:*H NMR (400 MHz, DMSOedg) & ppm 7.64 (dJ = 7.2
Hz, 2H, 2,6-H,), 7.49 (s, 1H, Basod, 7.43 (t,J = 7.2 Hz, 2H, 3,5-K,), 7.32 (t,J = 7.2 Hz, 1H, 4-
Har), 2.16 (M, 1H, Cldiciopropy), 1.05 (M, 2H, Kciopropy), 1.00 (M, 2H, Wciopropy); MS nvz (relative
intensity) 185 (M, 100), 118 (15), 117 (42), 116 (23), 105 (62),(89), 90 (73), 76 (12), 77(62),
78(23), 63 (14), 62 (23), 51 (45), 50 (42), 43 (28 (42), 32 (32); anal. calcd for;£E11NO
(185.23): C, 77.81; H, 5.99; N, 7.56; found: C,78/.H, 6.08; N, 7.53.

4.1.5. 2-Cyclobutyl-5-phenyl-1,3-oxazol e (5¢)

Yellow solid, m.p. 105-107C, yield 73 %;'H NMR (400 MHz, DMSOds) 5 ppm 7.66 (d,) = 7.2
Hz, 2H, 2,6-H), 7.56 (s, 1H, kkazod, 7.44 (t,J = 7.2 Hz, 2H, 3,5-K,), 7.34 (t,J= 7.2 Hz, 1H, 4-
Har), 3.69 (M, 1H, Cllciobuty), 2.36 (M, 2H, Heciobuy), 2.33 (M, 2H, Heiobuy), 2.07 (m, 1H,
Heyelobuty), 1.92 (M, 1H, Hciobuty); MS nVz (relative intensity) 199 (M 100), 145 (12), 118 (75), 89
(35), 90 (75), 76 (47), 77(86), 78(24), 63 (35),(83), 51 (47), 50 (62), 43 (33), 39 (39), 32 (21);
anal. calcd for &H13NO (199.25): C, 78.36; H, 6.58; N, 7.03; found:78,30; H, 6.53; N, 7.05.

4.1.6. 2-Methyl-5-(4-methyl phenyl)-1,3-oxazol e (5d)

Yellow solid, m.p. 110-112C, vield 65 %;'H NMR (400 MHz, DMSO€s) 5 ppm 7.90 (s, 1H,
Hoxazold, 7.69 (dJ= 8.2 Hz, 2H, H,), 7.29 (dJ = 8.2 Hz, 2H, H,), 2.34 (s, 3H, Ch), 1.33 (s, 3H,
CHz); MS mvz (relative intensity) 173 (M 100), 131 (30), 130 (54), 119 (42), 132 (62), 1458),
115 (35), 104 (42), 103 (48), 77 (58), 77 (41)(82), 65 (32), 43 (42), 39 (34), 32 (42); analcdal
for C11H1iNO (173.22): C, 76.27; H, 6.40; N, 8.09; found:76,19; H, 6.41; N, 8.11.



4.1.7. 2-Cyclopropyl-5-(4-methylphenyl)-1,3-oxazole (5€)

Yellow solid, m.p. 122-124C, yield 48 %;'H NMR (400 MHz, DMSOds) 5 ppm 7.52 (d,) = 8.2
Hz, 2H, Hy,), 7.41 (s, 1H, Bkazod, 7.24 (d,J = 8.2 Hz, 2H, H,), 2.32 (s, 3H, Ch), 2.14 (m, 1H,
CHeyciopropy)s 1.05 (M, 2H, Kciopropy), 1-00 (M, 1H, Hciopropy); MS Mz (relative intensity) 199 (M
100), 131 (21), 130 (42), 119 (45), 117 (23), 1456)( 115 (62), 104 (41), 103 (42), 77 (41), 77
(32), 67 (12), 65 (42), 43 (45), 39 (62), 32 (6&)al. calcd for gH13NO (199.25): C, 78.37; H,
6.58; N, 7.03; found: C, 78.28; H, 6.58; N, 7.00.

4.1.8. 2-Cyclobutyl-5-(4-methyl phenyl)-1,3-oxazol e (5f)

Yellow solid, m.p. 82-82C, yield 56 %;*H NMR (400 MHz, DMSOdg) & ppm 7.56 (d,J = 8.2
Hz, 2H, Hy), 7.48 (S, 1H, Bazd, 7.26 (dJ = 8.2 Hz, 2H, H,), 3.68 (m, 1H, Cllciobuty), 3.32 (S,
3H, CH), 2.35 (M, 2H, Hiobuty), 2.33 (M, 2H, Hciobuyy), 2.05 (M, 1H, Heciobuy), 1.93 (m, 1H,
Heyclobuty); MS mz (relative intensity) 213 (M 100), 159 (57), 131 (35), 130 (46), 119 (47), 117
(86), 116 (36), 115 (75), 104 (37), 77 (24), 67)(BS (53), 43 (59), 39 (64), 32 (50); anal. cdimd
Ci4H1sNO (213.28): C, 78.84; H, 7.09; N, 6.57; found:78,80; H, 7.20; N, 6.56.

4.1.9. 5-(4-Methoxyphenyl)-2-methyl-1,3-oxazol e (59)

Yellow solid, m.p. 115-117C, yield 83 %;'H NMR (400 MHz, DMSOedg) & ppm 7.97 (s, 1H,
Hoxazold, 7.57 (d,J = 8.9 Hz, 2H, H,), 7.03 (d,J = 8.9 Hz, 2H, H,), 3.79 (s, 3H, OCH}, 2.45 (s,
3H, CHy); MS mvz (relative intensity) 189 (M 100), 160 (53), 146 (24), 135 (86), 133 (24), 132
(67), 77 (24), 76 (54), 39 (54), 32 (24); analcdalor G;H11NO, (189.22): C, 69.82; H, 5.86; N,
7.40; found: C, 69.88; H, 5.91; N, 7.41.

4.1.10. 2-Cyclopropyl-5-(4-methoxyphenyl)-1,3-oxazol e (5h)

Yellow solid, m.p. 102-104C, yield 75 %;'H NMR (400 MHz, DMSOds) 5 ppm 7.55 (d,) = 8.9
Hz, 2H, Hy), 7.41 (s, 1H, Bkaza9, 7.01 (d,J = 8.9 Hz, 2H, H,), 3.70 (s, 3H, OC}kJ, 2.13 (m, 1H,
CHeyclopropyds 1.05 (M, 2H, Keiopropy), 1.00 (M, 2H, Hyciopropy); MS Mz (relative intensity) 215 (M
100), 160 (35), 146 (42), 135 (16), 133 (76), 1833)(104 (28), 103 (29), 91 (31), 77 (21), 76 (23),
39 (27), 32 (41); anal. calcd for4£1:3NO, (215.25): C, 72.54; H, 6.09; N, 6.51; found: C,58

H, 6.02; N, 6.47.

4.1.11. 2-Cyclobutyl-5-(4-methoxyphenyl)-1,3-oxazole (5i)

Yellow solid, m.p. 113-115C, yield 72 %:*H NMR (400 MHz, DMSOedg) & ppm 7.58 (dJ = 8.9
Hz, 2H, Hu), 7.41 (s, 1H, bkazod, 7.11 (d,J = 8.9 Hz, 2H, H,), 3.60 (s, 3H, OCkJ, 3.65 (m, 1H,
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CHeyclobuty), 2.34 (M, 2H, Kciobury), 2.32° (M, 2H, Hciobuyy), 2.07 (M, IH, Bciobury), 1.92 (M, 1H,
Heyelobuty); MS Mz (relative intensity) 229 (V) 100), 175 (41), 160 (24), 146 (41), 135 (15), 133
(52), 132 (25), 104 (31), 103 (25), 91 (42), 77)(24 (63), 65 (57), 43 (12), 39 (54), 32 (12);lana
calcd for G4H1sNO, (229.28): C, 73.34; H, 6.59; N, 6.11; found: C,3M8 H, 6.55; N, 6.01.

4.1.12. 2-Methyl-5-(thiophen-2-yl)-1,3-oxazol e (5j)

Brown solid, m.p. 98-100C, vield 64 %;'H NMR (400 MHz, DMSOdg) & ppm 7.61 (ddJ;.=4.9
Hz, Js.5=1.3 Hz, 1H, 3-khiophend, 7.39 (dd,Jss=3.6 Hz,J35=1.3 Hz, 1H, 5-khiophend, 7.33 (s, 1H,
Hoxazold, 7.14 (dd,J3.4=4.9 Hz,14.5=3.6 Hz, 1H, 4-Khiophend, 2.45 (S, 3H, Ck); MS m/z (relative
intensity) 165 (M, 100), 123 (32), 122 (42), 111 (56), 109 (21), 188 97 (15), 70 (16), 69 (42),
58 (17), 57 (18), 45 (42), 39 (62), 38 (32), 32)(4D (32); anal. calcd ford&;NOS (165.22): C,
58.16; H, 4.27; N, 8.48; found: C, 58.02; H, 4.R38.45.

4.1.13. 2-Cyclopropyl-5-(thiophen-2-yl)-1,3-oxazol e (5k)

Brown solid, m.p. 99-102C, vield 73 %:*H NMR (400 MHz, DMSO€s) 8 ppm 7.60 (ddJs..=4.9
Hz, Js.5=1.3 Hz, 1H, 3-hiophend, 7.36 (dd,Jss=3.6 Hz,J35=1.3 Hz, 1H, 5-lhiophend, 7.30 (s, 1H,
Hoxazold, 7.13 (dd J3.4~4.9 Hz,J4.5=3.6 Hz, 1H, 4-Khiophend, 2.14 (M, 1H, Cldciopropy), 1.05 (m, 2H,
Heyclopropy), 0-97 (M, 2H, Kciopropy); MS mvz (relative intensity) 191 (M 100), 151 (52), 123 (12),
109 (39), 108 (46), 97 (35), 96 (53), 70 (12), 89)( 45 (76), 39 (34), 38 (97), 32 (65), 30 (45);
anal. calcd for gHgNOS (191.25): C, 62.80; H, 4.74; N, 7.32; found6e.,71; H, 4.80; N, 7.35.

4.1.14. 2-Cyclobutyl-5-(thiophen-2-yl)-1,3-oxazol e (5)

Brown solid, m.p. 92-105C, vield 74 %;'H NMR (400 MHz, DMSOdg) & ppm 7.61 (ddJ;.=4.9
Hz, J3.5=1.3 Hz, 1H, 3-khiophend, 7.40 (dd,Js5=3.6 Hz,J3.5=1.3 Hz, 1H, 5-khiophend, 7-37 (S, 1H,
Hoxazold, 7.14 (dd Js4s=4.9 Hz,J,5=3.6 Hz, 1H, 4-khiophend, 3.66 (M, 1H, Clciobuty), 2.34 (M, 2H,
Heyclobuty), 2.32 (M, 2H, HEcobuty), 2.05 (M, 1H, Hcobuy), 1.90 (M, 1H, Hcobuy); MS mvz
(relative intensity) 205 (M 100), 151 (36), 123 (56), 122 (76), 111 (69), 49), 69 (35), 58 (97),
57 (59), 45 (36), 39 (28), 38 (42), 32 (47), 30)(%3al. calcd for gH1i1NOS (205.28): C, 64.37,
H, 5.40; N, 6.82; found: C, 64.32; H, 5.33; N, 6.85

4.1.15. 2-Methyl-5-(thiophen-3-yl)-1,3-oxazole (5m)

Brown solid, m.p. 100-102C, yield 68 %:'*H NMR (400 MHz, DMSO€s) & ppm 7.74 (dJ,..=2.4
Hz, 1H, 2-Hhiopheng, 7.67 (ddJ>-4=5.1 Hz,J1.5=2.4 Hz, 1H, 4-khiophend, 7.41 (d,Js5=2.4 Hz, 1H, 5-
Hiniophend, 7-32 (S, 1H, bkazod, 2.45 (S, 3H, Ch); MS m/z (relative intensity) 165 (V) 100), 123

(42), 122 (41), 111 (23), 109 (21), 108 (42), 98)(B3 (22), 84 (23), 70(41), 69 (23), 45 (41), 39
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(69), 38 (15), 32 (41), 30 (15); anal. calcd faHENOS (165.22): C, 58.16; H, 4.27; N, 8.48;
found: C, 58.09; H, 4.22; N, 8.47.

4.1.16. 2-Cyclopropyl-5-(thiophen-3-yl)-1,3-oxazol e (5n)

Brown solid, m.p. 78-80C, vield 67 %;'H NMR (400 MHz, DMSOdg) § ppm 7.72 (ddJ»..=3.0
Hz, J,5=1.2 Hz, 1H, 2-khiophend, 7.62 (dd,J2.s=5.0 Hz,J4.5=3.0 Hz, 1H, 4-khiophend, 7.40 (dd Ja-
5=5.0 Hz,J,5=1.2 Hz, 1H, 5-Rhiophend, 7.29 (S, 1H, lazoig, 2.13 (M, 1H, Cldciopropy), 1.04 (m,
2H, Heyciopropy), 0-98 (M, 2H, Keiopropy); MS miz (relative intensity) 191 (M 100), 151 (35), 123
(35), 108 (83), 97 (13), 83 (45), 84 (64), 70 (IY,(75), 45 (35), 39 (65), 32 (44), 30 (35); anal.
calcd for GoH9gNOS (191.25): C, 62.80; H, 4.74; N, 7.32; found6€.,65; H, 4.79; N, 7.26.

4.1.17. 2-Cyclobutyl-5-(thiophen-3-yl)-1,3-oxazol e (50)

Brown solid, m.p. 92-105C, vield 81 %;'H NMR (400 MHz, DMSOd) 5 ppm 7.76 (ddJ,..=3.0
Hz, J,5=1.2 Hz, 1H, 2-khiophend, 7.67 (dd,J>.s=5.0 Hz,J45=3.0 Hz, 1H, 4-khiophend, 7.43 (dd -
5=5.0 Hz,J,.5=1.2 Hz, 1H, 5-khiophend, 7.36 (S, 1H, Bkazoid, 4.61 (M, 1H, Cllciobuty), 2.34 (M, 4H,
Heyelobuty), 2.03 (M, 1H, Keobuty), 1.92 (M, 1H, Keiobury); MS miz (relative intensity) 205 (N
100), 151 (53), 123 (35), 122 (53), 111 (24), 88)(30(36), 69 (46), 45 (64), 39 (83), 38 (14), 32
(46), 30 (68); anal. calcd for;€H1:NOS (205.28): C, 64.36; H, 5.40; N, 6.82; found:68,20; H,
5.32; N, 6.79.

4.1.18. General Procedure 3 (GP3): preparation of 1,3-oxazoles 6a-

The cyclodehydration step was carried out as desdrin GP3. The 1,3-oxazolégp-t were
promptly added to pyrrolidine or morpholine (100 oi)nThe reaction mixture was heated at 50 °C
under stirring for 2.5 h and cooled to room temper Water (150 mL) was added. The precipitate
formed was filtered off, washed with water, airedtiand further crystallized from isopropyl alcohol

to give desired analytically pure 1,3-oxazdbes
4.1.19 (5-Phenyl-1,3-oxazol-2-yl) (pyrrolidin-1-yl)methanone (6a)

Brown solid, m.p. 127-138C, yield 85 % (amidation stepd NMR (400 MHz, DMSO#€s) 8 ppm
7.80 (s, 1H, Bazow, 7.79 (dJ = 7.2 Hz, 2H, 2,6-K;), 7.49 (t,J = 7.2 Hz, 2H, 3,5-K), 7.41 (t,J

= 7.2 Hz, 1H, 4-H), 3.96 (t,J = 6.7 Hz, 2H, Hyroiding), 3.55 (t,J = 6.7 Hz, 2H, Hyroiigineg), 1.94(t,

J = 6.7 Hz, 4H, Hyroiging; MS Mz (relative intensity) 242 (M 28), 116 (31), 105 (14), 102 (30),
98 (17), 89 (19), 77 (28), 70 (100), 56 (33), 56)(#42 (33), 41 (38), 39 (25), 29 (11); anal. calcd
for C14H14N20, (242.28): C, 69.40; H, 5.82; N, 11.56; found: 8,38; H, 5.76; N, 11.49.
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4.1.20 Morpholin-4-yl(5-phenyl-1,3-oxazol - 2-ylYmethanone (6b)

Brown solid, m.p. 93-98C, vyield 79 % (amidation step}H NMR (400 MHz, DMSO#€g) & ppm
7.81 (s, 1H, Bazo, 7.79 (dJ = 7.2 Hz, 2H, 2,6-k,), 7.50 (tJ = 7.2 Hz, 2H, 3,5-H), 7.42 (t,J =
7.2 Hz, 1H, 4-H,), 4.12 (m, 2H, Rorphoing, 3.69 (M, 6H, Rorpnoing; MS mM/z (relative intensity)
258 ( M, 18), 172 (31), 171(25), 116 (57), 114 (12), 108)( 102 (30), 89 (23), 86 (100), 77 (35),
70 (30), 63 (12), 56 (57), 42 (42), 41 (12), 39)(13D (16), 29 (38); anal. calcd for f£14N,03
(258.28): C, 65.11; H, 5.46; N, 10.85; found: C,085 H, 5.46; N, 10.87.

4.1.21. [ 5-(4-Methyl phenyl)-1,3-oxazol -2-yl] (pyrrolidin-1-yl )methanone (6c)

Yellow solid, m.p. 168-176C, vyield 82 % (amidation step}4 NMR (400 MHz, DMSOsg) & ppm
7.83 (s, 1H, Bkazo, 7.68 (d,J = 8.2 Hz, 2H, H,), 7.32 (d,J = 8.2 Hz, 2H, H,), 3.91 (m, 2H,
Hpyrroliding), 3.51 (M, 2H, Byroiiding, 2.35 (S, 3H, Ch), 1.89 (M, 4H, Boiding; MS mVz (relative
intensity) 256 (M, 10), 130 (20), 119 (8), 116 (15), 115 (12), 98)(B1 (15), 77 (10), 70 (100), 56
(24), 55 (27), 42 (40), 41 (42), 39 (22), 29 (Mak calcd for GsHieN20, (256.31): C, 70.29; H,
6.29; N, 10.93; found: C, 70.20; H, 6.35; N, 10.94.

4.1.22. [ 5-(4-Methyl phenyl)-1,3-oxazol -2-yl] (mor pholin-4-yl)methanone (6d)

Yellow solid, m.p. 157-159C, vield 83 % (amidation step}4 NMR (400 MHz, DMSOsg) & ppm
7.83 (s, 1H, Bazod, 7.68 (d,J = 7.9 Hz, 2H, H,), 7.33 (d,J = 8.2 Hz, 2H, H,), 4.07 (m, 2H,
Hmorpholing, 3-67 (M, 6H, Rorphoind, 2-35 (S, 3H, Ch); MS vz (relative intensity) 272 ( M 10),
186 (34), 185(34), 130 (60), 119 (17), 116 (333 19), 89 (9), 86 (100), 77 (17), 70(32), 63 (9),
56 (49), 42 (40), 41 (12), 39 (13), 30 (13), 29)(2}al. calcd for GH1gN20, (272.31): C, 66.16;
H, 5.92; N, 10.29; found: C, 66.08; H, 5.97; N,28).

4.1.23. [ 5-(4-Methoxyphenyl)-1,3-oxazol-2-yl] (pyrrolidin-1-yl ) methanone (6€)

Yellow solid, m.p. 110-112C, vyield 79 % (amidation step4 NMR (400 MHz, DMSOsg) & ppm
7.72 (d,J = 8.5 Hz, 2H, H,), 7.64 (s, 1H, bkazad, 7.03 (d,J = 8.5 Hz, 2H, H,), 3.95 (m, 2H,
Hpyrroliding), 3.83 (s, 3H, OCEJ, 3.54 (m, 2H, Broiiding, 1.94 (M, 4H, Byroiiding; MS mVz (relative
intensity) 272 (M, 21), 146 (15), 132 (15), 98 (13), 77 (6), 70 (1B (19), 55 (25), 42 (23), 41
(22), 39 (10), 29 (7); anal. calcd fordH16N203 (272.31): C, 66.16; H, 5.92; N, 10.29; found: C,
65.99; H, 5.92; N, 10.32.

4.1.24. [ 5-(4-Methoxyphenyl )-1,3-oxazol -2-yl] (mor pholin-4-yl ) methanone (6f)
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Yellow solid, m.p. 88-90C, yield 79 % (amidation stepjH NMR (400 MHz, DMSOds) 8 ppm
7.72 (d,J = 8.5 Hz, 2H, H,), 7.67 (s, 1H, bkazad, 7.04 (d,J = 8.5 Hz, 2H, H,), 4.13 (m, 2H,
Hmorphoiing, 3-89 (S, 3H, OCH), 3.68 (M, 6H, Rorpnoind; MS m/z (relative intensity) 288 ( M 28),
202 (14), 201 (18), 145 (39), 135 (11), 132 (299 (101), 89 (7), 86 (100), 77 (11), 70 (31), 63 (6)
56 (47), 42 (28), 41 (7), 32 (16), 30 (9), 29 (2&)al. calcd for gH1eN,0O,4 (288.31): C, 62.49; H,
5.59; N, 9.72; found: C, 62.43; H, 5.63; N, 9.75.

4.1.25. Pyrrolidin-1-yl[ 5-(thiophen-2-yl)- 1,3-0xazol -2-yl] methanone (69)

Brown solid, m.p. 121-123C, vyield 80 % (amidation step)d NMR (400 MHz, DMSOds) § ppm
7.74 (dd,J5.4~4.9 Hz,J3.5=1.0 Hz, 1H, 3-Khiophend, 7-72 (S, 1H, bkazod, 7.58 (ddJs5=3.6 Hz,Js.
5=1.0 Hz, 1H, 5-khiophend, 7.21 (dd,Js.4=4.9 Hz, J45=3.6 Hz, 1H, 4-khiophend, 3.90 (M, 2H,
Hpyrroliding, 3-50 (M, 2H, Byroiiding, 1.88 (M, 4H, Byroidingd; MS m/z (relative intensity) 248 (V)
21), 122 (30), 111 (15), 108 (15), 98 (19), 70 (1@® (38), 55 (39), 45 (18), 42 (52), 41 (58), 39
(42), 29 (12); anal. calcd for,&H:2N20,S (248.31): C, 58.05; H, 4.87; N, 11.28; found:5€,97;

H, 4.92; N, 11.30.

4.1.26. Mor pholin-4-yl[ 5-(thiophen-2-yl)-1,3-oxazol-2-yl] methanone (6h)

Brown solid, m.p. 60-70C, yield 73 % (amidation stepJH NMR (400 MHz, DMSOds) & ppm
7.74 (dd,J3.4~4.9 Hz,J3.5=1.0 Hz, 1H, 3-khiophend, 7.72 (S, 1H, kazog, 7.59 (dd Js5=3.6 Hz,Js.
5=1.0 Hz, 1H, 5-Khiophend, 7.21 (dd,J3.4=4.9 Hz, J45=3.6 Hz, 1H, 4-khiophend, 4.06 (M, 2H,
Hmorpholing, 3-66 (M, 6H, Rorpnoind; MS Mz (relative intensity) 264 (VM 19), 178 (21), 177 (21),
122 (69), 114 (18), 111 (22), 108 (26), 95 (13),(880), 70 (51), 69 (23), 58(15), 57(12), 56 (82),
45 (34), 42 (62), 41 (20), 39 (25), 30 (23), 29)(%mal. calcd for GH12N203S (264.31): C, 54.53;
H, 4.58; N, 10.60; found: C, 54.41; H, 4.65; N,51.

4.1.27. Pyrrolidin-1-yl[ 5-(thiophen-3-yl)-1,3-0xazol -2-yl] methanone (6i)

Brown solid, m.p. 134-136C, yield 78 % (amidation step)4 NMR (400 MHz, DMSO€s) 5 ppm
7.97 (s, 1H, Ihiopheng, 7.73 (S, 1H, Fiophend, 7.71 (S, 1H, lazod, 7.52 (S, 1H, kiophend, 3.90 (m,
2H, Hoyroliging), 3.51 (M, 2H, Byroliging, 1.88 (M, 4H, Byroiiding; MS Mz (relative intensity) 248 (
M*, 19), 122 (25), 111 (16), 108 (17), 98 (16), 70001 56 (29), 55 (31), 45 (20), 42 (36), 41 (40),
39 (30), 29 (9); anal. calcd for £11,N.0O,S (248.31): C, 58.05; H, 4.87; N, 11.28; found58.00;

H, 4.92; N, 11.19.

4.1.28. Mor pholin-4-yl[ 5-(thiophen-3-yl)-1,3-oxazol -2-yl] methanone (6])
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Brown solid, m.p. 103-10%C, vield 80 % (amidation step)d NMR (400 MHz, DMSOds) & ppm
7.98 (s, 1H, HKhiophend, 7.74 (S, 1H, Kiophend, 7.71 (S, 1H, bkazod, 7.52 (S, 1H, Kliophend, 4.05 (M,
2H, Hmorpholind, 3-66 (M, 6H, Fhorpnoind; MS mVz (relative intensity) 264 (M 26), 178 (32), 177
(29), 122 (57), 114 (15), 111 (23), 108 (33), 9B @5 (100), 70 (53), 69 (9), 58 (11), 57(7), 56
(44), 45 (37), 42 (56), 41 (11), 39 (24), 30 (12, (27); anal. calcd for fH;2N,03S (264.31): C,
54.53; H, 4.58; N, 10.60; found: C, 54.50; H, 4.83:10.66.

4.1.29 General Procedure 4 (GP4): preparation of sulfonamides 9a-0 and 10a-

The starting 1,3-oxazol® or 6 (6.0 mmol) was added portion-wise to a cooled uomixtof
chlorosulfonic acid (60 mmol) and thionyl chlori(@0 mmol). The resulting mixture was heated at
60 °C for 2 hours, cooled to room temperature and poaxed crushed ice. The precipitate formed
was filtered off, washed with water and dissolvedchloroform (100 mL). The solution was
washed with 5% aqueous potassium carbonate, dviedamhydrous calcium chloride, filtered and
concentrated. The residue was flash-chromatographeslica gel using an appropriate gradient of
ethyl acetate in hexanes as eluent. The intermeedigfonyl chloride 7 or 8) was obtained as a
viscous, slowly crystallizing oil. A portion of {iL..25 mmol) was dissolved in 1,4-dioxane (2.5 mL)
and treated with 25% aqueous ammonia (0.56 mLm#rel). The resulting mixture was heated at
75 °C for 2 hours. The volatiles were remove inwaand the residue was treated with water (10
mL). The resulting precipitate was filtered off andystallized from isopropyl alcohol to give
sulfonamides9 or 10. The yield of sulfonamides is reported for two secutive steps

(sulfochlorination and sulfonamide synthesis).
4.1.30. 4-(2-Methyl-1,3-oxazol-5-yl)benzenesulfonamide (9a)

White solid, m.p. 221-224C (i-PrOH), yield 72 %*H NMR (400 MHz, DMSO€s) & ppm 7.88

(d, J=8.8 Hz, 2H, H;), 7.84 (d,J=8.8 Hz, 2H, H,), 7.70 (s, 1H, kkazoid, 7.40 (s, 2H, Nk}, 2.49 (s,
3H, CH); **C NMR (126 MHz, DMSOdg) & ppm 162.64, 149.96, 144.04, 131.42, 127.39, 125.54
124.71, 14.60; M®Vz (relative intensity) 238 (V) 100), 174 (21), 158 (19), 130 (10), 120 (5), 103
(7), 77 (7), 76 (7), 63 (7), 54 (9), 50 (5), 43,(8Y (5); anal. calcd for gH10N,O3S (238.27): C,
50.41; H, 4.23; N, 11.76; found: C, 50.36; H, 4.R3:11.80.

4.1.31. 4-(2-Cyclopropyl-1,3-oxazol-5-yl ) benzenesul fonamide (9b)

White solid, m.p. 181-184C (i-PrOH), yield 83 %H NMR (400 MHz, DMSOsg) & ppm 7.87 (d,
J=8.8 Hz, 2H, H,), 7.84 (d,J=8.8 Hz, 2H, H,), 7.66 (s, 1H, bkazad, 7.39 (S, 2H, N, 2.18 (m,
1H, CHyyciopropy)s 1.06 (M, 4H, Kyciopropy); “°C NMR (126 MHz, DMSOde) 5 ppm 162.46, 150.04,

144.16, 131.48, 127.39, 125.50, 124.66, 21.10,,99%; MSm/z (relative intensity) 264 (V)
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100), 263 (18), 238 (12), 200 (6), 184 (11), 129)(128 (9), 89 (18), 80 (14), 77 (5), 76 (8), 75
(5), 63 (6), 53 (11), 52 (5), 51 (5), 50 (5), 42,(39 (8), 27 (7); anal. calcd for;£11:N>03S
(264.31): C, 54.53; H, 4.58; N, 10.60; found: C.484 H, 4.58; N, 10.62.

4.1.32. 4-(2-Cyclobutyl-1,3-oxazol -5-yl ) benzenesul fonamide (9c¢)

White solid, m.p. 192-19%C (i-PrOH), vield 64 %*H NMR (400 MHz, DMSOsg) & ppm 7.89 (d,
J=8.8 Hz, 2H, H,), 7.86 (d,J=8.8 Hz, 2H, H,), 7.73 (s, 1H, Bkazod, 7.40 (s, 2H, NK), 3.72 (quin,
J=8.3 Hz, 1H, CHciobuty), 2.18 (M, 4H, Kciobuty), 2.06 (M, 1H, Hciobuty), 1.94 (M, 1H, Hciobuty);
3C NMR (126 MHz, DMSOds) & ppm 167.98, 149.76, 144.09, 131.48, 127.38, 125.28.81,
38.30, 33.20, 27.69, 18.99; M8z (relative intensity) 278 (V) 30), 252 (6), 251 (16), 250 (100),
186 (9), 170 (13), 115 (8), 89 (15), 39 (8), 27, @)al. calcd for &H14N,05S (278.33): C, 56.10;
H, 5.07; N, 10.06; found: C, 56.02; H, 5.08; N,Q4D.

4.1.33. 2-Methyl-5-(2-methyl-1,3-oxazol -5-yl ) benzenesulfonamide (9d)

White solid, m.p. 195-198C (i-PrOH), yield 71 %*H NMR (400 MHz, DMSOsdg) & ppm 8.10 (s,
1H, X-Ha), 7.77 (d,J=7.7 Hz, 1H, B-H,), 7.56 (s, 1H, kkazod, 7.47 (s, 2H, Nk, 7.46 (d,J=7.7
Hz, 1H, A-Hx), 2.60 (s, 3H, CH); **C NMR (126 MHz, DMSOds) § ppm 161.96, 150.07, 143.74,
136.56, 133.95, 127.56, 126.52, 123.91, 122.86420.4.54; MWz (relative intensity) 252 (M
76), 172 (27), 171 (100), 143 (10), 116 (23), 125)(103 (17), 102 (25), 89 (16), 77 (21), 63 (11),
54 (14), 51 (10), 43 (11), 27 (9); anal. calcd@aH1,N-0sS (252.29): C, 52.37; H, 4.79; N, 11.10;
found: C, 52.31; H, 4.79; N, 11.12.

4.1.34. 5-(2-Cyclopropyl-1,3-oxazol-5-yl)-2-methyl benzenesul fonamide (9e)

White solid, m.p. 175-177C (i-PrOH), yield 80 %*H NMR (400 MHz, DMSOsg) & ppm 8.07 (d,
Jax=1.1 Hz, 1H, X-H,), 7.75 (dd Jas=8.1 Hz,Jsx=1.1 Hz, 1H, B-H,), 7.53 (s, 1H, azol, 7.47

(s, 2H, NH), 7.45 (d,Jag=8.1 Hz, 1H, A-H,), 2.60 (s, 3 H, CH), 2.18 (m, 1H, Cldciopropy), 1.08
(M, 2H, Hyciopropy), 1.01 (M, 2H, Kciopropy); °C NMR (DMSO4ds) 3 ppm 166.32, 149.40, 143.74,
136.39, 133.92, 127.45, 126.52, 123.93, 122.742%720.55, 9.40, 9.04MS m/z (relative
intensity) 278 (M, 100), 277 (10), 198 (21), 197 (91), 168 (13), 1#3), 141 (24), 128 (15), 115
(11), 103 (16), 102 (19), 90 (12), 89 (26), 80 (27 (26), 63 (15), 53 (26), 52 (13), 51 (14), 41
(20), 39 (21), 27 (19); anal. calcd for:H14N.0O3S (278.33): C, 56.10; H, 5.07; N, 10.06; found: C,
56.00; H, 5.07; N, 10.10.

4.1.35. 5-(2-Cyclobutyl-1,3-oxazol -5-yl)-2-methyl benzenesul fonamide (9f)
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White solid, m.p. 170-17%C (i-PrOH), yield 75 %*H NMR (500 MHz, DMSO¢dg) & ppm 8.12 (d,
Jex =1.2 Hz, 1H, X-H,), 7.82 (ddJas=7.9,Jsx=1.2 Hz, 1H, B-H,), 7.63 (s, 1H, bkazo, 7.51 (m,
2H, NH), 7.48 (d,Jas=7.9 Hz, 1H, A-H,), 3.73 (m, 1H, Cllciobuty), 2.62 (S, 3H, Ch), 2.38 (m,
4H, Heyeiobuty), 2.07 (M, 1H, Keiobuy), 1.95 (M, 1H, Hyeiobuy); °C NMR (126 MHz, DMSOds) &
ppm 165.91, 149.75, 143.55, 136.59, 133.48, 12718@,31, 123.94, 122.52, 33.00, 26.98, 20.55,
19.01; MSm/z (relative intensity) 292 (V] 43), 291 (9), 266 (6), 265 (15), 264 (100), 188)(
183 (79), 154 (6), 128 (13), 103 (5), 102 (7), 8% (7 (8), 39 (7); anal. calcd for £l16N.0O3S
(292.36): C, 57.52; H, 5.52; N, 9.58; found: C,48/.H, 5.52; N, 9.60.

4.1.36. 2-Methoxy-5-(2-methyl -1,3-oxazol -5-yl )benzenesulfonamide (99)

White solid, m.p. 215-217C (i-PrOH), vield 75 %*H NMR (400 MHz, DMSOsg) & ppm 7.90 (d,
Jex=1.9 Hz, 1H, X-H,), 7.83 (ddJas=8.6, Hz,Jsx=1.9 Hz, 1H, B-H,), 7.41 (s, 1H, bazo, 7.31
(d, Jag=8.6 Hz, 1H, A-H,), 7.17 (s, 2H, Nh), 3.94 (s, 3H, OCH}, 2.50 (c, 3H, Ch); °C NMR
(126 MHz, DMSO6dg) & ppm 165.74, 156.54, 149.38, 132.76, 129.79, 124122.00, 120.77,
114.45, 57.38, 12.46; M&/z (relative intensity) 268 (¥ 100), 190 (5), 189 (12), 162 (6), 161 (6),
131 (7), 119 (5), 118 (6), 104 (7), 103 (5), 91 ) (17), 77 (6), 76 (11), 75 (6), 63 (8), 54 @3,
(10), 36 (7), 27 (5), 15 (7); anal. calcd for:81oN-0,4S (268.29): C, 49.25; H, 4.51; N, 10.44;
found: C, 49.15; H, 4.51; N, 10.46.

4.1.37. 5-(2-Cyclopropyl-1,3-oxazol-5-yl)-2-methoxybenzenesul fonamide (9h)

White solid, m.p. 211-21%C (i-PrOH), vield 68 %*H NMR (400 MHz, DMSOsg) & ppm 7.94 (d,
Jax=1.8 Hz, 1H, X-H,), 7.84 (dd Jas=8.6, Hz,Jsx=1.8 Hz, 1H, B-H,), 7.45 (s, 1H, bkazo, 7.29
(d, Jag=8.6 Hz, 1H, A-H,), 7.18 (s, 2H, NB), 3.94 (s, 3H, OCH), 2.17 (m, 1H, Cllciopropy), 1.06
(M, 2H, Hyciopropy)s 0-99 (M, 2H, Hciopropy); ~°C NMR (126 MHz, DMSOde) & ppm 165.82,
156.51, 149.37, 132.72, 129.77, 123.65, 122.74,712(.14.40, 67.23, 57.24, 9.37, 8.95; k&
(relative intensity) 294 (M 100), 293 (7), 279 (5), 215 (6), 129 (5), 128 ()5 (7), 89 (7), 80 (7),
76 (7), 53 (7), 41 (6), 39 (6), 27 (6); anal. calod C;3H;4N204S (294.33): C, 53.05; H, 4.79; N,
9.52; found: C, 52.96; H, 4.80; N, 9.54.

4.1.38. 5-(2-Cyclobutyl-1,3-oxazol-5-yl)-2-methoxybenzenesul fonamide (9i)

White solid, m.p. 175-177C (i-PrOH), yield 69 %*H NMR (400 MHz, DMSOsg) & ppm 7.97 (d,
Jex=2.0 Hz, 1H, X-H,), 7.88 (ddJas=8.7,Jex=2.0 Hz, 1H, B-H,), 7.52 (s, 1H, bkazod, 7.31 (d,
Jas=8.7 Hz, 1H, A-H,), 7.18 (s, 2H, Nk), 3.94 (s, 3H, OCH), 3.70 (m,1H, Chlciobuy), 2.35 (M,
4H, Heyciobuty), 2.04 (M, 1H, Kciobuy), 1.93 (M, 1H, Bciobuty); 3¢ NMR (126 MHz, DMSOdg) 6

ppm 166.84, 156.63, 149.84, 132.70, 129.97, 123.8P,68, 120.72, 114.42, 57.24, 33.14, 27.69,
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18.99: MSmVz (relative intensity) 308 (K] 25), 282 (5), 281 (14), 280 (100), 225 (6), 20), 115
(5), 89 (11), 76 (7), 55 (6), 39 (9), 27 (7); aralicd for G4H1sN,04S (308.36): C, 54.53: H, 5.23;
N, 9.08; found: C, 54.49: H, 5.23: N, 9.08.

4.1.39. 5-(2-Methyl-1,3-oxazol-5-yl )thiophene-2-sulfonamide (9j)

White solid, m.p. 154-157C (i-PrOH), yield 76 %*H NMR (400 MHz, DMSOsdg) & ppm 7.78 (s,
2H, NH,), 7.55 (S, 1H, bkazo, 7.54 (d,J=4.0 Hz, 1H, Hhiophend, 7.38 (d,J=4.0 Hz, 1H, Hhiophend,
2.48 (s, 3H, Ch); **C NMR (126 MHz, DMSOdg) & ppm 162.26, 145.31, 134.09, 131.76, 125.03,
124.57, 14.48; M3z (relative intensity) 244 (¥ 100), 189 (25), 180 (12), 164 (7), 152 (16), 136
(12), 111 (6), 110 (8), 109 (59), 95 (37), 93 €3,(6), 82 (15), 69 (12), 64 (7), 54 (20), 53 &3,
(5), 45 (16), 43 (25), 39 (6), 38 (5), 27 (11),(BB, 15 (5); anal. calcd fordHgN,0sS; (244.29): C,
39.33; H, 3.30; N, 11.47; found: C, 39.28; H, 3.80:11.45.

4.1.40. 5-(2-Cyclopropyl-1,3-oxazol-5-yl ) thiophene-2-sulfonamide (9k)

White solid, m.p. 140-142C (i-PrOH), yield 69 %*H NMR (400 MHz, DMSOsdg) & ppm 7.79 (s,
2H, NHp), 7.55 (s, 1H, bkazod, 7.53 (S, 1H, Hiophend, 7.45 (S, 1H, Hiophend, 2.16 (M, 1H,
CHeyclopropy), 1.08 (M, 2H, Kciopropy)s 1.02 (M, 2H, Kiciopropy); ~"C NMR (126 MHz, DMSOdg) &
ppm 162.19, 145.34, 133.97, 131.24, 125.24, 12468083, 10.49, 10.05; M®Vz (relative
intensity) 270 (M, 100), 269 (16), 268 (16), 244 (10), 190 (19), {BR 135 (55), 134 (19), 123
(5), 98 (7), 95 (14), 91 (10), 82 (16), 80 (21), @9, 54 (5), 53 (23), 52 (9), 51 (10), 45 (11), 41
(16), 39 (17), 38 (10), 29 (9), 27 (23), 26 (7), (T3, anal. calcd for EH10N20sS; (270.33): C,
44.43; H, 3.73; N, 10.36; found: C, 44.35; H, 3.k3:10.32.

4.1.41. 5-(2-Cyclobutyl-1,3-oxazol -5-yl)thiophene-2-sulfonamide (9I)

White solid, m.p. 149-152C (i-PrOH), yield 78 %*H NMR (400 MHz, DMSOsdg) & ppm 7.78 (s,
2H, NHy), 7.59 (s, 1H, Bkazod, 7.54 (d,J=4.0 Hz, 1H, Khiopheng, 7.40 (d,J=4.0 Hz, 1H, Khiophend,
3.69 (quin,J=8.33 Hz, 1H, Cllciobuty), 2.35 (M, 4H, Hciobury), 2.04 (M, 1H, Heiobuy), 1.93 (m,
1H, Heyciobuy); “C NMR (126 MHz, DMSOds) & ppm 167.59, 145.37, 145.11, 134.12, 131.72,
124.96, 124.69, 33.02, 27.66, 18.98; Mk (relative intensity) 284 (M 33), 283 (5), 258 (12),
257 (14), 256 (100), 201 (12), 192 (5), 164 (78 1A), 121 (18), 95 (15), 94 (5), 66 (6), 64 (5, 5
(11), 45 (7), 39 (11), 29 (6), 27 (10); anal. called C;1H12N203S, (284.36): C, 46.46; H, 4.25; N,
9.85; found: C, 46.43; H, 4.25; N, 9.87.

4.1.42. 4-(2-Methyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (9m)
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White solid, m.p. 182-185C (i-PrOH), yield 81 %*H NMR (300 MHz, DMSOd,) § ppm 7.98 (d,
J=1.3 Hz, 1H, khiophengd, 7.84 (d,J=1.3 Hz, 1H, Khiophend, 7.76 (S, 2H, Nb), 7.47 (S, 1H, Bkazoid,
2.46 (s, 3H, Ch); **C NMR (126 MHz, DMSOdg) & ppm 165.80, 148.18, 146.39, 129.21, 127.57,
125.27, 123.84, 9.01; M®/z (relative intensity) 244 (M 100), 216 (8), 190 (7), 189 (28), 175 (9),
173 (16), 164 (6), 136 (14), 125 (11), 123 (7), {20 109 (22), 108 (7), 97 (7), 95 (32), 93 (B3, 8
(5), 82 (19), 81 (5), 69 (12), 64 (9), 54 (26), (B3, 52 (7), 51 (7), 50 (5), 45 (26), 43 (18), B9, (
38 (8), 27 (16), 26 (7), 15 (5); anal. calcd faHEN,0sS, (244.29): C, 39.33; H, 3.30; N, 11.47;
found: C, 39.32; H, 3.30; N, 11.50.

4.1.43. 4-(2-Cyclopropyl-1,3-oxazol-5-yl ) thiophene-2-sulfonamide (9n)

White solid, m.p. 150-153C (i-PrOH), yield 75 %*H NMR (500 MHz, DMSOsg) & ppm 7.98 (d,
J=1.2 Hz, 1H, Hhiophend, 7.85 (d,J=1.2 Hz, 1H, Khiophend, 7.79 (S, 2H, Nb), 7.46 (s, 1H, bkazol,
2.17 (m, 1H, CHciopropy), 1.08 (M, 2H, Kciopropy), 1.01 (M, 2H, Kciopropy); °C NMR (126 MHz,
DMSO-dg) & ppm 165.80, 148.18, 146.39, 129.21, 127.57, 128.23.84, 67.23, 9.37, 9.01; MS
m/z (relative intensity) 270 (¥ 100), 269 (16), 268 (13), 244 (11), 241 (5), {29), 189 (5), 162
(6), 136 (5), 135 (41), 134 (14), 133 (6), 123 @)D (5), 98 (5), 95 (18), 91 (11), 83 (5), 82 (15)
81 (5), 80 (19), 69 (12), 64 (8), 54 (11), 53 (Z®),(14), 51 (11), 50 (7), 45 (19), 43 (6), 41 (139
(25), 38 (8), 29 (11), 27 (26), 26 (6), 15 (6); lamalcd for GoH1oN2OsS, (270.33): C, 44.43; H,
3.73; N, 10.36; found: C, 44.40; H, 3.73: N, 10.35.

4.1.44. 4-(2-Cyclobutyl-1,3-oxazol-5-yl )thiophene-2-sulfonamide (90)

White solid, m.p. 169-173C (i-PrOH), yield 70 %H NMR (400 MHz, DMSOsg) & ppm 8.00 (d,
J=1.5 Hz, 1H, Khiophend, 7.85 (d,J=1.5 Hz, 1H, Khiophend, 7.76 (S, 2H, Nb), 7.51 (s, 1H, kazoid,
3.68 (m, 1H, CHciobuty), 2.34 (M, 4H, Hiobuy), 2.04 (M, 1H, Kciobury), 1.92 (M, 1H, Kciobuty);
3C NMR (126 MHz, DMSOds) & ppm 166.85, 148.22, 146.85, 129.25, 127.67, 125.83.77,
33.10, 27.66, 18.98; M&vVz (relative intensity) 284 (M 31), 283 (7), 258 (12), 257 (14), 256
(100), 228 (6), 201 (18), 148 (7), 121 (21), 95)(B2 (8), 66 (8), 64 (6), 55 (9), 53 (5), 45 (14),
(5), 39 (17), 29 (8), 27 (11); anal. calcd for112N20sS, (284.36): C, 46.46; H, 4.25; N, 9.85;
found: C, 46.45; H, 4.26; N, 9.84.

4.1.45. 4-[ 2-(Pyrrolidin-1-ylcarbonyl)-1,3-oxazol -5-yl] benzenesulfonamide (10a)

White solid, m.p. 265-267C (i-PrOH), yield 65 %'H NMR (400 MHz, DMSOdg) & ppm 8.06 (s,
1H, Hoxazod, 7.99 (d,J=8.6 Hz, 2H, H,), 7.84 (d,J=8.6 Hz, 2H, H,), 7.46 (s, 2H, NH), 3.93 (t,
J=6.7 HZ, 2H! "plyrrolidine), 3.53 (t,\]:6-7 HZ, 2H! |lerrolidine), 1.93 (m! 2H, |ﬂ)/rrolidine), 1.87 (m, 2H,

Hpyrrolidind; -°C NMR (75 MHz, DMSOe) 5 ppm 155.50, 154.24, 150.77, 144.79, 130.06, 127.10
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125.77, 125.43, 49.03, 47.38, 26.39, 23.83; M$ (relative intensity) 321 (¥ 22), 98 (11), 70
(100), 56 (14), 55 (20), 42 (5), 41 (5); anal. daler CrH1sN30.S (321.36): C, 52.33; H, 4.70: N,
13.08; found: C, 52.32; H, 4.71; N, 13.10.

4.1.46. 4-[ 2-(Mor pholin-4-ylcar bonyl)-1,3-oxazol -5-yl] benzenesulfonamide (10b)

White solid, m.p. 190-193C (i-PrOH), yield 70 %*H NMR (400 MHz, DMSOsdg) & ppm 8.05 (s,
1H, Hoxazod, 7.98 (d,J=8.8 Hz, 2H, H,), 7.94 (d,J=8.8 Hz, 2H, H,),7.45 (br. s., 2H, NbJ, 4.05
(M, 2H, Hnorphoiin), 3.67 (M, 6H, Romhoind; °C NMR (126 MHz, DMSOdg) 5 ppm 155.58, 154.83,
151.26, 145.23, 130.35, 127.51, 125.86, 125.7619766.84, 47.93, 43.53; MBVz (relative
intensity) 337 (M, 5), 251 (16), 250 (21), 181 (8), 131 (6), 115 @B)4 (12), 87 (6), 86 (100), 72
(5), 70 (24), 56 (18), 42 (16), 29 (5); anal. calod C;4H15sN30sS (337.36): C, 49.85; H, 4.48; N,
12.46; found: C, 49.80; H, 4.49; N, 12.40.

4.1.47. 2-Methyl-5-[ 2-(pyrrolidin-1-ylcarbonyl)-1,3-oxazol -5-yl] benzenesulfonamide (10c)

White solid, m.p. 247-25€C (i-PrOH), yield 63 %*H NMR (500 MHz, DMSOsg) & ppm 8.24 (d,
Jax=1.2 Hz, 1H, X-H,), 7.98 (s, 1H, bkazod, 7.94 (ddJas=7.9, Hz,Jgx=1.2 Hz, 1H, B-H,), 7.56
(s, 2H, NH), 7.55 (d,Jag=8.6 Hz, 1H, A-H,), 3.94 (t,J=6.7 Hz, 2H, Hyroiidin), 3.55 (t,J=6.7 Hz,
2H, Hoyrrolidin), 2.66 (s, 3H, OCH), 1.95 (M, 2H, Byroiding, 1.89 (M, 2H, Byroiiding; “°C NMR (126
MHz, DMSO-tg) 6 ppm 155.73, 153.99, 151.37, 143.69, 137.81, 134.38.58, 125.47, 124.16,
123.79, 49.12, 47.07, 26.56, 24.23, 20.69; MS (relative intensity) 335 (M 23), 98 (13), 70
(100), 56 (12), 55 (20), 44 (5); anal. calcd fQeH;/N3O4S (335.38): C, 53.72; H, 5.11; N, 12.53;
found: C, 53.58; H, 5.11; N, 12.55.

4.1.48. 2-Methyl-5-[ 2-(mor pholin-4-ylcar bonyl)- 1,3-oxazol -5-yl] benzenesulfonamide (10d)

White solid, m.p. 239-242C (i-PrOH), yield 61 %*H NMR (400 MHz, DMSOsg) & ppm 8.21 (d,
Jax=1.7 Hz, 1H, X-H,), 7.92 (s, 1H, Blazod, 7.91 (ddJas=7.9, Hz,Jgx=1.2 Hz, 1H, B-H,), 7.54

(d, Jag=8.6 Hz, 1H, A-H,), 7.53 (s, 2H, Nb), 4.07 (M, 2H, Rorphoiing, 3.67 (M, 6H, Rorphoiing
2.63 (s, 3H, Ch); *C NMR (126 MHz, DMSOdg) & ppm 155.58, 154.36, 151.44, 143.93, 138.07,
134.17, 128.58, 125.47, 124.38, 123.79, 67.19,5%649.93, 43.53, 20.66; M8Vz (relative
intensity) 351 (M, 19), 266 (6), 265 (24), 264 (35), 252 (6), 13]) (28 (6), 114 (20), 87 (5), 86
(100), 70 (23), 56 (13), 42 (12); anal. calcd fagHG/N3OsS (351.38): C, 51.27; H, 4.88; N, 11.96;
found: C, 51.25; H, 4.88; N, 11.97.

4.1.49. 2-Methoxy-5-[ 2-(pyrrolidin-1-ylcarbonyl)- 1,3-oxazol-5-yl] benzenesulfonamide (10e)
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White solid, m.p. 275-278C (i-PrOH), vield 69 %*H NMR (400 MHz, DMSOdq) § ppm 8.09 (s,
1H, X-Ha/), 8.00 (d,J=8.4 Hz, 1H, B-H,), 7.89 (s, 1H, lkazod, 7.38 (d,J=8.4 Hz, 1H, A-H,),
7.24 (br. s., 2H, Nb), 3.97 (s, 3H, OCH), 3.92 (1,J=6.4 Hz, 2H, Hymoidind, 3.52 (t,J=6.4 Hz, 2H,
Hoyrroliging), 1.89 (M, 4H, Byroiiding; ~-C NMR (75 MHz, DMSO¢s) & ppm 157.10, 154.68, 154.29,
151.04, 132.55, 130.52, 124.34, 123.32, 119.19,2P14%66.95, 49.03, 47.34, 26.42, 23.82; M2
(relative intensity) 351 (M 10), 211 (6), 98 (15), 70 (100), 56 (13), 55 (Z%) (5); anal. calcd for
C1sH17N30sS (351.38): C, 51.27; H, 4.88; N, 11.96; found5C.,21; H, 4.88; N, 11.95.

4.1.50. 2-Methoxy-5-[ 2-(mor pholin-4-yl car bonyl)-1,3-oxazol -5-yl] benzenesul fonamide (10f)

White solid, m.p. 198-201C (i-PrOH), yield 72 %*H NMR (400 MHz, DMSOdg) & ppm 8.09 (d,
Jex=2.2 Hz, 1H, X-H,), 8.00 (dd Jag=8.7,Jsx=2.2 Hz, 1H, B-H,), 7.89 (s, 1H, kkazod, 7.38 (d,
Jag=8.77 Hz, 1H, A-H,), 7.23 (br. s., 2H, NB, 4.08 (M, 2H, Romhoind, 3.97 (S, 3H, OCH), 3.67
(M, 6H, Hnorphoiind; °C NMR (126 MHz, DMSOdg) 5 ppm 157.53, 155.56, 153.96, 151.52, 132.90,
130.95, 124.75, 123.30, 119.46, 114.62, 67.19,76659.36, 47.91, 43.52; M8&Vz (relative
intensity) 367 (M, 31), 282 (7), 281 (26), 280 (49), 268 (8), 25} €25 (14), 211 (16), 114 (16),
87 (5), 86 (100), 70 (28), 56 (11), 44 (5), 42 (Idal. calcd for GH1/N30sS (367.38): C, 49.04;
H, 4.66; N, 11.44; found: C, 49.00; H, 4.67; N,4BL.

4.1.51. 5-[ 2-(Pyrrolidin-1-ylcarbonyl)-1,3-oxazol-5-yl] thiophene-2-sulfonamide (109)

White solid, m.p. 226-229C (i-PrOH), yield 70 %*H NMR (400 MHz, DMSOdg) & ppm 7.92 (s,
1 H, Hoxazold, 7.86 (s, 2 H, Nb), 7.60 (d,J=3.8 Hz, 1H, Khiophend, 7.58 (d,J=3.8 Hz, 1H, Khiopheng
3.90 (t,J=6.7 Hz, 2H, Hyroiding, 3.51 (,J=6.7 Hz, 2H, Hyroiidind, 1.90 (M, 4H, Byroiiding; ~C
NMR (126 MHz, DMSOdgs) 8 ppm 155.27, 154.34, 147.03, 146.63, 132.82, 131126.72,
125.62, 49.45, 47.82, 26.81, 24.23; Mz (relative intensity) 327 (M 12), 98 (24), 71 (7), 70
(100), 56 (24), 55 (39), 42 (7), 41 (6); anal. ddiar C,,H13N304S; (327.38): C, 44.03; H, 4.00; N,
12.84; found: C, 43.98; H, 4.01; N, 12.85.

4.1.52. 5-[ 2-(Mor pholin-4-yl carbonyl)-1,3-oxazol -5-yl] thiophene-2-sulfonamide (10h)

White solid, m.p. 188-191C (i-PrOH), yield 73 %?IH NMR (400 MHz, DMSO+dg) 6 ppm 7.91 (s,
1 H, Hoxazold, 7-86 (S, 2 H, NB), 7.60 (d,J=3.8 Hz, 1H, Hhiophend, 7.58 (d,J=3.8 Hz, 1H, Hhiophend,
4.03 (M, 2H, Hhorpholing, 3.66 (M, 6H, Fhorphoind; ~°C NMR (126 MHz, DMSOds) 5 ppm 155.27,
154.22, 147.09, 146.70, 132.67, 131.82, 126.81,192567.14, 66.82, 47.93, 43.53; Mfz
(relative intensity) 343 (M 12), 258 (6), 257 (17), 256 (30), 201 (7), 18T)(1.37 (6), 114 (22),
86 (100), 72 (6), 70 (40), 64 (8), 56 (21), 45 &), (25), 29 (6); anal. calcd foryfE13N305S;

(343.38): C, 41.97; H, 3.82; N, 12.24; found: C,981 H, 3.82; N, 12.26.
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4.1.53. 4-[ 2-(Pyrrolidin-1-ylcarbonyl)-1,3-oxazol-5-yl] thiophene-2-sulfonamide (10r)

White solid, m.p. 268-271C (i-PrOH), yield 64 %*H NMR (400 MHz, DMSOdg) & ppm 8.20 (d,
J=1.2 Hz, 1H, Hhiophend, 7.96 (d,J=1.2 Hz, 1H, khiophend, 7.81 (S, 1H, azod, 7.86 (S, 2H, Nb),
3.91 (t,J=6.7 Hz, 2H, Hyroiding, 3.51 (,J=6.7 Hz, 2H, Hyroiidind, 1.89 (M, 4H, Byroiiding; ~C
NMR (126 MHz, DMSOe€l) 6 ppm 154.94, 154.59, 148.63, 148.21, 127.94, 124957, 47.79),
26.82, 24.24; MSwz (relative intensity) 327 (V] 1), 187 (9), 98 (14), 70 (100), 56 (17), 55 (25),
42 (6), 41 (5); anal. calcd for1&1413N304S; (327.38): C, 44.03; H, 4.00; N, 12.84; found: @,04;

H, 4.00; N, 12.82.

4.1.54. 4-[ 2-(Mor pholin-4-ylcarbonyl)-1,3-oxazol -5-yl] thiophene-2-sulfonamide (10j)

White solid, m.p. 226-229C (i-PrOH), yield 68 %*H NMR (400 MHz, DMSOdg) & ppm 8.20 (d,
J=1.2 Hz, 1H, Khiophend, 7.96 (d,J=1.2 Hz, 1H, khiophend, 7.81 (S, 1H, azod, 7.86 (S, 2H, Nb),
4.05 (M, 2H, Fhorphoting, 3.67 (M, 6H, Fhorphoind; °C NMR (126 MHz, DMSQds) 5 ppm 155.50,
153.85, 148.66, 148.27, 128.11, 127.94, 124.3119%766.85, 47.91, 43.52; MBVz (relative
intensity) 343 (M, 8), 258 (6), 257 (21), 256 (28), 201 (16), 183)(1.14 (14), 86 (100), 70 (33),
56 (18), 45 (7), 42 (21), 29 (5); anal. calcd fapHisN30sS, (343.38): C, 41.97; H, 3.82; N, 12.24;
found: C, 41.92; H, 3.82; N, 12.28.

4.2 Carbonic anhydrase inhibition assay

An Applied Photophysics stopped-flow instrument Ibaen used for assaying the CA catalyzed
CO, hydration activity”> Phenol red (at a concentration of 0.2 mM) has hessd as indicator,
working at the absorbance maximum of 557 nm, wiillmiM Tris (pH 8.3) as buffer, and 20 mM
NaSO, (for maintaining constant the ionic strength)|daling the initial rates of the CA-catalyzed
CO; hydration reaction for a period of 10-100 s. Th&,Concentrations ranged from 1.7 to 17 mM
for the determination of the kinetic parameters anbition constants. For each inhibitor at least
six traces of the initial 5-10% of the reaction @aween used for determining the initial velocity.
The uncatalyzed rates were determined in the saammen and subtracted from the total observed
rates. Stock solutions of inhibitor (0.1 mM) weregared in distilled-deionized water and dilutions
up to 0.005 nM were done thereafter with the admdfer. Inhibitor and enzyme solutions were
preincubated together for 15 min at room tempeeafpumor to assay, in order to allow for the
formation of the E-I complex. The inhibition consts were obtained by non-linear least-squares
methods using PRISM 3 and the Cheng-Prusoff equatie reported earlier, and represent the
mean from at least three different determinatiddisCA isoforms were recombinant ones obtained
in-house’*
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4.3 Docking studies

The crystal structures ¢iCA | (pdb code 1AZMY> hCA Il (pdb code 2AW1¥° hCA IX (pdb code
31Al),?” andhCA Xl (pdb code 1JDG} were taken from the Protein Data B&lAfter adding
hydrogen atoms and removing complexed ligandsfdte proteins were minimized using Amber
11 softwaré® and parm03 force field at 300 K. The four proteimsre placed in a rectangular
parallelepiped water box, an explicit solvent moelwater, TIP3P, was used and the complexes
were solvated with a 10 A water cap. Sodium ionsewadded as counter ions to neutralize the
system. Two steps of minimization were then caroet} in the first stage, we kept the protein
fixed with a position restraint of 500 kcal/mofA&nd we solely minimized the positions of the
water molecules. In the second stage, we minimibed entire system through 5000 steps of
steepest descent followed by conjugate gradiefitaiobnvergence of 0.05 kcal/Asmol. The region
of interest used by the docking program GOLD verssol was defined in order to contain the
residues within 15 A from the original position tife ligand in the X-ray structure. Metal
coordination in GOLD is modeled as ‘pseudohydrogending’ in which metals can be considered
to bind to H-bond acceptors and the metal will cetapwith H-bond donors for interaction. The
catalytic zinc ion was set to have a tetrahedratdioation geometry. The ‘allow early termination’
option was deactivated, while the possibility fbe tigand to flip ring corners was activated. The
remaining GOLD default parameters were used, aedlifands were submitted to 30 genetic
algorithm runs. The docking analysis was carried osing the ChemScore fithess function
imposing the formation of an H bond between tharlds and the hydroxy group of the highly
conserved residue T192 (CA Il sequence numbefih@uster analysis was performed on the

results using an rmsd tolerance of 2.0 A and tis¢ thecked conformation was taken into account.
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Figure 1. Examples of the early pan-CA inhibitors — clinlgalsed drugs.
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Figure 2. Examplesl-4 of isoform-selective benzenesulfonamides.
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Figure 3. Scaffold geometry and periphery projection forimjad inhibitor anchoring and probing
of the two distinct sides of the CA active site.
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Scheme 1.Synthesis of 1,3-oxazol-5-yl aromatic substratest and 6a-j for subsequent

sulfochlorination.

5 Ry R
e = A, K ; R : W/&
NH, — N. R — o} —_— o o
) 2 - T rR=cooet (O |
I ! G —A
Sa-t 6a-j

O = Q @* Meo@* @_ ?;\>_

Reagents and conditions: (@) i. urotropine, EtOH, 2h, ii. HCI, EtOH, 24 (i) RCOCI, py, 80 °C,
1h; (c) HSOy, 80 °C, 1.5 h (2- and 3-thienyl, 4-tolyl) or PQCBO0 °C, 2h (4-MeOgH,); (d)
R'NHR” (neat), 50 °C, 2h.

Scheme 2Preparation of sulfonamid@s-oand10a-j studied in this work.

R

o a  Clo,S o R b HNO,S o R
O = o — e T
5a-0 7a-0 9a-0
R\N R R'\N/R R\NfR
Y&o a CIO,S 0%0 b HoNO,S O%o
6a-j 8a-j 10a-j

O = ﬁ Meog* \@f j&

Reagents and conditions. (a) HSQCI, SOC}, 60 °C, 2 h; (b) NH 1,4-dioxane, 75 °C, 2 h.
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Figure 4. Docking of compoun®ainto CA'I (A), CA'llI'(B), CAIX(C), and CAXII'(D.
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Figure 6. Docking of compoun@ginto CA II'(A) and the overlay ddg (sky blue) an®a (green)
in the active site of CA Il showing the differerioeZn ion coordination.

G131

A133

29



Table 1. 1,3-Oxazolesba-t prepared in this work (the yield of the cyclodefatn step is
provided).

Compound D) R Y(i)eld
5a Q Me (2?)2)
5b Q |>_* 79
5c Q <}* 73
5d O Me 65
Se O > 48
5f O <}* 56
59 wo{ Y | Me 83
5h weo—{ Hr | [>— 75
5i Meo@* <} 72
5j @ Me 64
5k @ > 73
5| = <} 74
5m S\\ . Me 68
sn ?;\>, |>_* 67
50 SQ, <}* 81
5p Q COOEt 50
5q @ COOEt 47
5r weo—( ) | COOEt 52
5s . | COOEt| 59
5t S\\ . COOEt 61

Table 2. Inhibition of four isoforms of human CA by 5-(saithoyl)aryl 1,3-oxazole8a-oand10a-
j prepared in this work.

Compound X K(nM)

CAl | CAll [ CAIX | CAXI

Q o X

wd- O
9a Me 96.3 0.05 | 23.1 8.5
9b > 4.8 0.01 3.2 6.2
9c O 55.3 0.02 6.5 8.7
10a Q 0.01 0.009 1.7 42.3

-
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10b O>LN/_\o 0.01 0.008 16 6.9
* \_/
Y-
Q\
G
ad Me 45.4 7.1 274 245
(Y = Me)
9e > 289 63.9 318 381
(Y = Me)
of O 231 283 285 1395
(Y = Me)
9g Me >10 000 | 4420 276 3535
(Y = MeO)
9h [>—+ >10 000 8860 438 7960
(Y = MeO)
9i s 6110 58.2 3.1 62.8
(Y = MeO)
10c Q 8.5 0.01 42.5 2790
(Y = Me) *>\‘_N®
10d et 58.6 0.28 3.7 557
(Y = Me) LN
10e Q >10000 | 0.01 4.1 8570
(Y = MeO) *>\‘_N®
10f O>LN/—\O >10 000 0.05 4.5 >10 00(
(Y=MeO)| +
o M \7rx
M
9j Me 141 6.3 10.5 9.4
9k > 130 4.8 122 9.2
9l O 36.8 0.01 156 5.1
10g 0>\_ G 41.9 0.01 18.7 6.7
N
10h A o 22.5 0.02 36.4 30.3
* \_/
S (0] X
% Savi
HaN"
om Me 0.05 0.01 26.3 3.6
9n > 22.0 2.5 13.1 8.7
90 s 9.0 0.01 25.9 6.6
10i Q 79.9 0.02 15.2 64.4
]
10j Y 0.09 0.03 28.0 9.2
* \_/
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Novel 1,3-oxazole solfonamides were designed to target carbonic anhydrases

The chemistry allows varying the periphery groups in a wide range

Polar and non-polar groups were used to probe the enzyme’s bipolar active site
Picomolar inhibitors of carbonic anhydrase Il were identified

High selectivity between CA I/1l and vs. membrane CA IX/XIl isoforms was observed
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Probing the ‘bipolar’ nature of the carbonic anhydrase active site:
aromatic sulphonamides containing 1,3-oxazol-5-yl moiety as

picomolar inhibitors of cytosolic CAl and CAll isoforms
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4-(2-Methyl-1,3-oxazol-5-yl)benzenesulfonamide (9a)
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4-(2-Cyclopropyl-1,3-oxazol-5-yl)benzenesulfonamide (9b)
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4-(2-Cyclobutyl-1,3-oxazol-5-yl)benzenesulfonamide (9c)
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2-Methyl-5-(2-methyl-1,3-0xazol-5-yl)benzenesulfonamide (9d)
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5-(2-Cyclopropyl-1,3-oxazol-5-yl)-2-methylbenzenesulfonamide (9¢)
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5-(2-Cyclobutyl-1,3-oxazol-5-yl)-2-methylbenzenesulfonamide (9f)
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2-Methoxy-5-(2-methyl-1,3-oxazol-5-yl)benzenesulfonamide (9g)
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5-(2-Cyclopropyl-1,3-oxazol-5-yl)-2-methoxybenzenesulfonamide (9h)
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5-(2-Cyclobutyl-1,3-oxazol-5-yl)-2-methoxybenzenesulfonamide (9i)
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5-(2-Cyclobutyl-1,3-oxazol-5-yl)-2-methoxybenzenesulfonamide  (91):

interactions observed in the NOESY specrum
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5-(2-Methyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (9j)
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5-(2-Cyclopropyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (9k)
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5-(2-Cyclobutyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (91)
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5-(2-Cyclobutyl-1,3-oxazol-5-ylthiophene-2-sulfonamide
interactions observed in the NOESY spectrum
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4-(2-Methyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (9m)
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4-(2-Cyclopropyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (9n)
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4-(2-Cyclobutyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (90)
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4-(2-Cyclobutyl-1,3-oxazol-5-yl)thiophene-2-sulfonamide (90): through-space
interaction observed in the NOESY spectrum
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