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ABSTRACT

New series of benzenesulfonamide derivatives iramatpng pyrazole and isatin moieties were
prepared using celecoxib as lead molecule. Biokgwaluation of the target compounds was
performed against the metalloenzyme carbonic amtsgd(CA, EC 4.2.1.1) and more precisely
against the human isoforms hCA |, 1l (cytosolic},dnd Xl (transmembrane, tumor-associated
enzymes). Most of the tested compounds efficieintiybited hCA 1, Il and IX, with Ks of 2.5-
102 nM, being more effective than the referenceydgcetazolamideCompoundslle, 11f, 16e
and 16f were found to inhibit hCA XlIlI withKi of 3.7, 6.5, 5.4 and 7.2 nM, respectively.
Compoundslle and16e, with 5-NG; substitution on the isatin ring, were found todeéective
inhibitors of hCA IX and hCA XIlI. Docking studieevealed that the NOgroup of both
compounds participate in interactions with Asp13ihim the hCA IX active site, and with

residues Lys67 and Asp130 in hCA XIlI, respectively
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1-Introduction

The sulfonamides and their isosters such as tlansates and sulfamides, are well
known carbonic anhydrase (CA, EC 4.2.1.1) inhilsit€AIs) and are in clinical use for almost
70 years for the treatment of glaucoma, obesitijeegy and as diuretics [1The large use of
CAls for pharmaceutical applications relies on wide distribution of the 15 human (h) CA
isoforms within different tissues as well as on itheinvolvement in many
physiological/pathological conditions. Antiglaucoi@al-drugs mainly target CA Il, IV and XIlI;
the diuretics CA I, IV, Xl and XIV; the antiepipgics CA VII and XIV [2-5] The selective
inhibition of CA IX and XIlI produces significaanhitumor and antimetastatic effects. However
the main drawback associated to the use of sulfaei@Als is represented by the lack of
selectivity in inhibiting the various isoforms, thileading to a plethora of side effects [, If]
this contest many efforts have been made for tiveldpment of isoform-selective CAls, and
some remarkable results have been achieved im#hd b years since the introduction of the tail
approach [6-8]Currently a sulfonamide CA IX inhibitor (SLC-011éhtered in Phase | clinical
studies for the treatment of hypoxic, advancedestadid tumors [8-10]. Furthermore, novel CAl
classes such as the polyamines,[11] phenols,[1Bijodarbamates,[13] xanthates[14] coumarins,
thiocoumarins, 2-thioxo-coumarins and coumarinosrfie 4, 15-17] were discovered and the
inhibition mechanisms of many of these compoundsewexplained by using Kkinetic,

spectroscopic and X-ray crystallographic technid@es, 12, 13]

Recently, benzyl aniline sulfonamides such awsere reported as hCA IX inhibitori(
= 1.8-27 nM) [18]. The same group developed similampounds such as the cyclic fotin
which selectively inhibited hCA IX (withKi of 13-27 nM) versus hCA I/ll [19]. The lead
molecule of these derivatives was celecdxibwhich was demonstrated to be a strong hCA IX
(Ki = 16 nM) and hCA Il Ki = 21 nM) inhibitor by one of our groups [20]. Iddition, other
studies were reported on five membered heterochlenzene sulfonamide/ possessing an
amino group instead of the aryl one found in conmasul andIll. CompoundV showed
excellent inhibitory action against hCA IXi(= 6.3 nM) and hCA XII Ki = 0.74 nM) [21].
(Figurel)

Figurel



A series of 4-(4,5-dihydro-5-thioxo-1,3,4-thiadi&2-yl)-1-(5-substituted-oxoindolin-3-
ylidene)semicarbazides was recently evaluated as carbonic anhydraseiiatskand displayed
interesting activity against hCA | and IX (X = NKi = 5.95 and 1.25 uM, respectively) [22].
The Schiff bas&/1 showed a potent inhibitory activity against hCAB = 1.1 nM) and had a
high selectivity for isoform hCA IX compared to thgtosolic isozymes hCA | and hCA 11 [23].
(Figure 1).

Based on these literature data, we report hersythiesis of three novel series of isatin-
pyrazole-benzenesulfonamide hybrissd, 11a-f and 16a-f as CAls. The design of the new
hybrids relies on grafting the oxindole hydrazimebonyl moiety from the isatin semicarbazide
derivativesV to the 5-phenyl-H-pyrazol-1-yl)benzenesulfonamide scaffold found poomdsd |
andlll, at either position 35a-d ) or 4 (L1a-f) of the pyrazole ring. The additive effect of
combining these pharmacophore moieties might p@dimnpounds with high CA inhibitory
activity. Furthermorgthe structure modification in the third seri&a-f involved replacement of
the 5-phenyl ring irlla-f by an amino group in analogy to the potent CImentioned above
(Figure 1).

2-Results and Discussion
2.1. Chemistry

The synthesis of the first series of sulfonamidgsd, is presented in Scheme 1. The
classical Claisen condensation of acetophendhew(th diethyl oxalate in the presence of
sodium ethoxide gave ethyl 2,4-dioxo-4-phenylbutdad@). The regioselective cyclization of
butanoate2 with 4-aminosulfonylphenylhydrazine [24] was acl@éd in acetic acid, yielding
ethyl 5-phenyl-1-(4-sulfamoylphenyl)}-tpyrazole-3-carboxylate3] which was then reacted
with hydrazine hydrate to afford hydrazide Hydrazonesba-d were obtained by refluxing
hydrazide4 with the appropriate isatin derivative in ethanolthe presence of catalytic amounts

of acetic acid.

Scheme 1



The IR spectrum of the unreportédherto 4-(3-(hydrazinecarbonyl)-5-phenyHipyrazol-
1-yl)benzenesulfonamidd) showed absorption bands due toNtfid NH groups at 3334-3196
cm’, beside the absorption peak of C=0 group at 1674ad two absorption bands of the SO
group at 1319 and 1153 &mits*H-NMR spectrum revealed three,® exchangeable singlet
signals corresponding to $8H,, NH-NH, and NH-NH at 6 7.47, 9.61 and 4.62, respectively.
The characteristic singlet signal of H-4 of pyrazappeared ai7.04.

The structure hydrazonés-d was confirmed by theitH-NMR spectra which revealed the
disappearance of the hydrazide Nsignal in compound in addition to the appearance of the
signal of NH group of isatin moiety in the rangd.0.74-11.33. ThéH-NMR spectra ofa-d
showed downfield shifts of the hydrazide NH sigmahich appeared in the rangel1.59-14.16
ppm. Moreover, théH-NMR spectrum o6d showed a signal of aliphatic protons (£gtoup)
at 52.30 ppmThe*C-NMR spectrum o6d showed the signals of C=O groupsdt57.50 and
162.61 ppm, in addition to the signal of the alijghaarbon (CH group) atd20.48 ppm.

Preparation of the second series of sulfonamidds-f) was achieved as illustrated in
Scheme 2. Ethyl benzoyl acetai® Wwas synthesized by condensation of ethyl acetozc@&gn
with benzoyl chloride in sodium ethoxide followegl bydrolysis in the presence of acqueous
NH; and NHCI. Refluxing 7 with DMF-DMA afforded ethyl 2-benzoyl-3-
(dimethylamino)acrylate8) which was employed in the next step without fartpurification.
The reaction of the latter enaminone with 4-amiffosylphenylhydrazine hydrochloride in
refluxing ethanol produced the pyrazole e§tefhe este® was subjected to hydrazinolysis by
fusion with hydrazine hydrate to give the correspng hydrazidelO. Hydrazoneslla-f were
synthesized by the reaction of hydrazidewith the appropriate isatin derivative in ethaantl
in the presence of catalytic amount of acetic acid.

Scheme 2

The'H NMR spectra of ested, hydrazidelO and hydrazone$la-f showed the characteristic
signal of H-3 of the pyrazole ring in the region= 8.19-8.83 ppm. However, single crystal X-
ray analysis of hydrazidd0 gave an absolute confirmation for the structurethed latter

compound and excluded the other possible positiosamer (Figure 2) and (see also

supplementary Figure 1).



Figure 2

The *H-NMR spectrum ofl1d revealed the appearance of a signal due to thkagic proton of
the OCH group ab 3.77 ppm, whereas the carbon of the same grougeapg ab 55.58 ppm in
the*C-NMR spectrum. Th&H-NMR spectrum ofl1f presented one singlet signal characteristic
of benzylic protons ( ai 4.93 ppm), whilst the carbon of the same groupeapgd av 42.96
ppm in the'*C NMR spectrum.

The synthetic pathway of the third series of sudfoides,16a-f, is depicted in Scheme 3.
The reaction of ethyl cyanoacetat®2) with triethyl orthoformate in the presence of tace
anhydride generated ethyl (ethoxyethylene)cyanateefl3) which was then converted to
pyrazolel4 by treatment with 4-aminosulfonylphenylhydrazimea mixture of acetic acid and
water (5:1). The structure of compoubd was confirmed by X-ray crystallography (Figure 3)
and (supplementary Figure 2). Consequently, hydodysis of the latter ester led to the
formation of hydrazidel5 which reacted with different isatins in refluxirgghanol to yield
hydrazoned 6a-f.

Scheme 3

Figure3

The IR spectra of compound6&a-f contained bands of the Nlnd NH groups in the range
of 3120-3421 cm. Their *"H-NMR spectra had D exchangeable signals related to 5-amino
protons atd 6.52-7.07 ppm, in addition to,D exchangeable singlet signals attributed to psoton
of the sulfonamide group at aroudd.49 ppm, isatin NH proton (it6a-€) in the range) 10.55-
11.50 ppm and the hydrazide NH proton in the rafigig.24-13.10 ppm. In this seriés-NMR
spectroscopy revealed the characteristic signé-8fof the pyrazole in the rang®8.20-9.18
ppm, while the*C-NMR spectra showed a characteristic signal du@eaC-5 of pyrazole ring
betweend 94.24-95.72 ppm.

Compoundl6d had a signal of aliphatic protons (O€gtoup) atd3.79 ppm in itsH-NMR
spectrum and a?56.09 ppm in its*C-NMR spectrum. The benzylic protons 8 appeared at



05.02 ppm in"H NMR and the benzylic carbon was detected 48.00 ppm in thé*C-NMR

spectrum.

2.2. Carbonic anhydrase inhibition

Inhibition data against four physiologically relewdnCA isoforms, hCA I, 1l (cytosolic) as
well as hCA IX and XII (transmembrane, tumor-asatexl isoforms), are shown in Tabladd
were determined by a stopped-flow £Jydrase assays.[25]

The following SAR is evident from the data of Talile

(i) The slow cytosolic isoform hCA | was effectiyahhibited by sulfonamides, 11 andl6
reported here, with |§ ranging between 5.2 and 102 nM. Otherwigewhich was slightly less
effective (K of 102 nM) all the other compounds were low naniammhibitors of this isoform
whose physiologic function is still not well undiersd. Acetazolamide, a clinically used
sulfonamide, was a much weaker CAl compared toéve compounds reported herg @€ 250
nM).

(i) hCA I, the physiologically dominant isoformas highly inhibited by all the compounds
reported here, with low nanomolar efficacyigkanging between 2.9 and 31.3 nM), making the
SAR discussion almost impossible since all scaffdddl to extremely effective hCA Il inhibitors
(Except for compoundde, 11f, 16e and16f which were fairly less active thahAZ and5a that
had the same efficacy a&8AZ, the other compounds were much better hCA Il inbib
compared to the standard drdgple 1).

(i) The tumor-associated hCA IX was also a higimpibited by sulfonamides reported
here, with Ks ranging between 2.5 and 52.9 nM. A partiftat which was slightly less effective
as hCA IX inhibitors, all other synthesized derivas showed inhibition constant20 nM,
being thus highly effective for inhibiting this twmassociated enzyme, a validated antitumor
target.

(iv) hCA XIlI was also inhibited by sulfonamides cefed here with k6 ranging between 3.7 and
244 nM (Table 1). Except for compountike, 11f, 16e and 16f, hCA Xl was less efficiently
inhibited by the new derivatives than the othee¢hisoforms. In fact compouride showed
higher activity thanAAZ (K, = 3.7 and 5.7 nM, respectively), whered$, 16e and 16f had
comparable potency to the reference drug<l&.5, 5.4 and 7.2 nM, respectively).



Tablel

It can be observed that moving the oxindole hyaaziarbonyl moiety on the pyrazole ring
from position 3 inba-d to position 4 inlla-d and16a-d enhanced the inhibitory activity against
hCA 1, Il and XIlI isoforms. On the other hand, near relationship was observed between the
enzyme inhibitory activity of different isoforms @meplacement of the phenyl ring at position 5
of the pyrazole moiety ifila-f with an amino group iti6a-f.

Regarding the effect of the substitution patterrtr@nisatin moiety, it was observed that the
introduction of a N@ group to position 5 of the isatin led to compoumdsch preferentially
inhibited hCA 1X and hCA XII over hCA | and hCA Igs evident for derivativekle and 16e.
Meanwhile,N-benzyl substitution on the isatin moiety, aslif and 16f, led to an increased
affinity of these derivatives for hCA XII.

2.3. Molecular Docking Studies

Docking studies were employed to analyze the bopgattern of compoundkle and16e to
the tumor associated hCA IX and hCA Xl isoformshe$e studies revealed significant
information about the binding mode of these compsyurand showed the crucial role of the
sulfonamide as a zinc binding group [19] . Dockofgcompoundlle within the active site of
hCA IX revealed the same important role of the deprated sulfonamide moiety, which
interacts with zinc ion and the neighbor residuei198 (Figure 4A), whereas foll6e, the
sulfonamide group form H-bonds with Thr199 beside toordination bond to the Zn(ll) ion
(Figure 4B). Moreover, the 5-NGubstituent of isatin moiety presented an impantale in the
interaction of both compounds with hCA 1X by forrmgiran electrostatic bond with Asp132
(Figure 4A and 4B).

Figure4

As for hCA IX; the binding oflle and 16e to hCA XII is meainly influenced by the
deprotonated sulfonamide group acting as zinc hopdnoiety and H-bonds with the conserved
residue in alla-CAs, Thr199. The N@group showed its significant role by participatiimg
electrostatic interactions with Lys67 (compourie) or Asp130 (compounii6e) (Figure 5A and
5B). In contrast to the binding to hCA IX, the isatnoiety of these compounds displayed extra



H-bond interactions with the hCA XlI active siteorFfexample, the isatin moiety frie was able
to H-bond with Ser132 (Figure 5A). In compouibgk, the isatin moiety formed two hydrogen
bonds with Asn62 and GIn92 (Figure 5B). The adduiocinteraction of the isatin moiety with
hCA Xll active site may explain the higher inhibiti of these compounds against hCA XIlI
compared to hCA XI.
Fiqure5

Both compounds displayed CDOCKER interaction enétdg, -50.23 Kcal/mol and -44.67
Kcal/mol) (16e; -49.78 Kcal/mol and -45.64 Kcal/mol) higher thdAZ (-24.63 Kcal/mol and -
24.67 Kcal/mol) upon interaction with hCA IX and AXII, respectively.

3. Conclusion

Stimulated by the reported activity of sevedabenzene sulfonamide pyrazoles and isatins as
CAls, new series of isatin-pyrazole-benzenesulfddanmybrids5a-d, 1la-f and 16a-f were
designed and synthesized as inhibitors of severaligoforms. The structure of the new
compounds was confirmed by spectral methods ardnadiated0 and14 were confirmed by
using X-ray crystallography. Biological evaluatiohthe new compounds was performed against
hCA 1, I, IX and XIl. Most of the tested compoune8iciently inhibited hCA 1, Il and IX (K=
2.5-102 nM) being more effective than the referedney acetazolamideA@Z). On the other
hand, they inhibited hCA XlI to a lesser extenteptcfor compoundéle, 11f, 16e and16f (K; =
3.7, 6.5, 5.4 and 7.2 nM, respectively). Sulfonagsitile and16e with a 5-NQ moiety on the
isatin ring were found to preferentially inhibit AGX and hCA XIl. Docking studies were
performed to investigate the role of the N@oup and revealed that it can form electrostatic
interaction with Asp 132 in hCA IX, and with Lys@&8p130 during inhibition of hCA XIlI.
These results indicate that, the new hybrids pewad efficient pharmacophore to design CAls,
yet further investigations are required to imprakeir selectivity toward the tumor-associated
isoforms hCA IX and XII.

4. Experimental
4.1. Chemistry
Unless otherwise noted, all materials were obthiftem commercial suppliers and

used without further purification. Melting pointsere determined on Stuart SMP3



version 5 digital melting point apparatus and waneorrected. Elemental microanalyses
were performed at the Regional Center for Mycol@and Biotechnology, Al-Azhar
University. The NMR spectra were recorded for samampounds on a Varian Mercury
VX-300 NMR spectrometerH spectra were run at 300 MHz al€ spectra were run at
75 MHz. For other compounds, the NMR spectra weronded on Bruker Avance lll
400 MHz high performance digital FT-NMR spectrogimeter tH: 400,*3C: 100 MHz).
Chemical shifts are quoted dnand were related to that of the solvents. Masstsp&vere
recorded using Hewlett Packard Varian (Varian, PoldSA), Shimadzu Gas
Chromatograph Mass spectrometer-QP 1000 EX (Shimatmto, Japan) and Finnegan
MAT, SSQ 7000 mass spectrophotometer at 70 eV pHRtsa were recorded on Bruker
FT-IR spectrophotometer as potassium bromide diSosnpounds2[26], 7[27], 8[28],
9[19], 13[29], 15[30] were prepared and confirmed as reported.

4.1.1. Synthesis of ethyl 5-phenyl-1-(4-sulfamamgh)-1H-pyrazole-3-carboxylai@).

The diketoester, ethyl 2,4-dioxo-4-phenylbutand@jg4 mmol, 0.88 g) was dissolved in acetic
acid (15 mL) and then a solution of 4-aminosulf@mgnylhydrazine (4 mmol, 0.75 g) in ethanol
(20 ml) was added. The reaction mixture was refiluke 1 h. The formed precipitate was
filtered, dried and recrystallized from ethanolyield compound3. All spectral data coincide
with those reported [19].

4.1.2. Synthesis of 4-(3-(hydrazinecarbonyl)-5-phéi-pyrazol-1-yl)benzenesulfonami@s.

The este (10 mmol, 3.71 g) was refluxed in hydrazine hydréltO mL) and the reaction was
followed by TLC. After complete reaction (3 h), thexture was poured onto ice and stirred for
1 h with addition of few drops of acetic acid. Tleemed precipitate was filtered off, washed
with diethyl ether, dried and recrystallized frothanol. Beige crystals, 61% yield; mp 265
IR (KBr) vma/cm™ 3334-3196 (NH, NH), 1674 (C=0), 1593 (C=N), 1319, 1153 (HOH
NMR (DMSO-dg, 400 MHz)J4.61 (s, 2H, NH hydrazide, RO exchangeable), 7.06 (s, 1H, H-4
of pyrazole), 7.29-7.31 (m, 2H, Ar-H), 7.38-7.46,(BH, Ar-H), 7.51 (s, 2H, SDIH,, D,O
exchangeable), 7.53 (d, 2Bi= 8.7 Hz, Ar-H), 7.88 (d, 2H] = 8.7 Hz, Ar-H), 9.69 (s, 1H, NH
hydrazide, DO exchangeable)*C NMR (DMSOds, 100 MHz) J 108.69, 125.99, 127.16,
129.18, 129.32, 129.49, 129.56, 142.07, 143.81,684447.32, 161.07. MB&/z[%] 357 [M',
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9.84], 326 [100]. Anal. Calcd for,gH1sNsO3S (357.39): C, 53.77; H, 4.23; N, 19.60; S, 8.97.
Found: C, 53.93; H, 4.29; N, 19.78; S, 9.04.

4.1.3. General procedure for synthesis of compo(beaisl).

To a solution of hydrazidé (10 mmol, 0.36 g) in ethanol (20 mL), the appragiisatin (10
mmol) was added followed by a catalytic amount adte acid (0.5 mL) then the mixture was
refluxed for 1 h. The formed precipitate was fi#ér off, washed with hot ethanol and
recrystallized from DMF/ EtOH to give the targetmmpound®a-d.

4.1.3.1.4-(3-(2-(2-Oxoindolin-3-ylidene)hydrazinedrbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid&a). Yellow powder, 89 % vyield; mp > 380. IR (KBr) vma/cm™* 3361-
3184 (NH, NH), 1732, 1701 (C=0), 1516 (C=N), 1325, 1155 {5 NMR (DMSO-ds, 400
MHz) 06.95 (d, 1H,J = 7.8 Hz, H-7 isatin), 7.10 (t, 1H,= 7.8 Hz, H-5 isatin), 7.28 (s, 1H, H-4
of pyrazole), 7.34-7.38 (m, 2H, Ar-H), 7.40-7.45,(4H, Ar-H), 7.53 (s, 2H, SDIH,, D,O
exchangeable), 7.57 (d, 2B= 8.7 Hz, Ar-H), 7.65 (d, 1H] = 7.8 Hz, H-4 isatin), 7.93 (d, 2H,

= 8.7 Hz, Ar-H), 10.88, 11.22 (2s, 1H, NH isatip@exchangeable), 11.50, 14.16 (2s, 1H, NH
hydrazone, BO exchangeable)*C NMR (DMSOds, 100 MHz) J 109.61, 111.54, 116.10,
120.37,121.44, 122.52, 123.10, 126.09, 126.44,35271.29.03, 129.32, 129.72, 132.22, 133.42,
138.45, 141.84, 143.05, 144.40, 145.95, 146.09,0P58.63.05. MSn/z [%)] 486 [M', 8.62],
326 [100]. Anal. Calcd for £H1sNeO4S (486.51): C, 59.25; H, 3.73; N, 17.27; S, 6.58urf:
C,59.37; H, 3.76; N, 17.41; S, 6.67.

4.1.3.2.4-(3-(2-(5-Chloro-2-oxoindolin-3-ylidenejitgzine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamidéb). Yellow powder, 56 % yield; mp > 380. IR (KBr) vina/cm™* 3396-
3221 (NH, NH), 1720, 1697 (C=0), 1517 (C=N), 1340, 1157 {SOH NMR (DMSO-ds, 400
MHz) 66.97 (dd, 1H)J = 8.3, 3.6 Hz, H-7 of isatin), 7.31 (s, 1H, H-4mfazole), 7.34-7.49 (m,
6H, Ar-H), 7.54 (s, 2H, S®IH,, D,O exchangeable), 7.58 (d, 1H= 8.9Hz, H-4 isatin), 7.64
(d, 1H,J = 8.6 Hz, Ar-H), 7.90 (d, 2H] = 8.6 Hz, Ar-H), 11.00, 11.34 (2s, 1H, NH isat0O
exchangeable), 11.69, 14.13 (2s, 1H, NH hydrazba®, exchangeable}*C NMR (DMSO+s,
100 MHz) 0 109.98, 112.84, 117.26, 120.97, 122.12, 125.88,18% 126.31, 126.46,127.20,
127.35, 129.14, 129.34, 129.42, 129.48, 131.26,.7P32137.61, 141.72, 143.12, 144.25,

11



145.63,162.89, 164.77. M8/z[%] 522 [M'+2, 6.34], 520 [M, 18.60], 222 [100]. Anal. Calcd
for CaH17CINGO4S (520.95): C, 55.33; H, 3.29; N, 16.13; S, 6.16urd: C, 55.51; H, 3.27; N,
16.29; S, 6.22.

4.1.3.3.4-(3-(2-(5-Bromo-2-oxoindolin-3-ylidene)gzine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamidgc). Yellow powder, 87 % yield; mp > 360. IR (KBr) vma/cm™ 3367-
3219 (NH, NH), 1725, 1699 (C=0), 1516 (C=N), 1325, 1157 {SOH NMR (DMSO-dg, 300
MHz) 06.94 (dd, 1H, = 8.4, 4.4 Hz, H-7 of isatin), 7.29 (s, 1H, H-4mfazole), 7.35-7.49 (m,
6H, Ar-H), 7.48 (s, 2H, SEH,, D,O exchangeable), 7.54-7.89 (m, 5H, Ar-H), 10.943Q12s,
1H, NH isatin, DO exchangeable), 11.61, 14.08 (2s, 1H, NH hydrazbs® exchangeable).
MS m/z [%] 566 [M'+2, 5.41], 564 [M, 6.16], 326 [100]. Anal. Calcd for ,gH:/BrNsOsS
(565.40): C, 50.98; H, 3.03; N, 14.86; S, 5.67.1hC, 51.16; H, 3.04; N, 14.95; S, 5.72.

4.1.3.4. 4-(3-(2-(5-Methyl-2-oxoindolin-3-ylidengjinazine-1-carbonyl)-5-phenyl-1H-pyrazol-
1-yl)benzenesulfonamid@&d). Yellow powder, 77 % vyield; mp > 300. IR (KBr) vma/cm™
3344-3215 (NH, NH), 1714, 1685 (C=0), 1517 (C=N), 1340, 1166 {SGH NMR (DMSO-ds,
300 MHz) 62.30 (s, 3H, CH), 6.83 (d, 1HJ = 7.9 Hz, H-7 of isatin), 7.17 (d, 1H,= 7.9 Hz,
H-6 of isatin), 7.26 (s, 1H, H-4 of pyrazole), 7-2B5 (m, 5H, Ar-H), 7.49 (s, 2H, SOH,,
D,O exchangeable), 7.57 (d, 2Hs 8.1 Hz, Ar-H), 7.65 (d, 1H] = 7.8 Hz, H-4 isatin), 7.91 (d,
2H, J = 8.7 Hz, Ar-H), 10.81, 11.22 (2s, 1H, NH isatim@exchangeable), 11.54, 14.13 (2s,
1H, NH hydrazone, BD exchangeable}*C NMR (DMSO4ds, 75 MHz) 5 20.48 (CH), 109.07,
110.87, 119.88, 121.29, 125.37, 125.90, 126.69,582829.21, 131.68, 132.13, 138.08, 140.28,
141.34, 143.91, 145.43, 157.50, 162.61. MR&[%)] 500 [M', 5.60], 222 [100]. Anal. Calcd for
CasH20N604S (500.53): C, 59.99; H, 4.03; N, 16.79; S, 6.4durkel: C, 60.23; H, 4.11; N, 16.93;
S, 6.46.

4.1.5. Synthesis of 4-(4-(hydrazinecarbonyl)-5-ghéit-pyrazol-1-yl)benzenesulfonamid®).
Ethyl 5-phenyl-1-(4-sulfamoylphenyl)Htpyrazole-4-carboxylate9) (10 mmol, 3.71 g) was
refluxed with 15 mL of hydrazine hydrate for 3 hitéx checking the end of the reaction using
TLC, the mixture was poured on ice, stirred for with addition of few drops of acetic acid. The

formed precipitate was filtered off, washed witlettlyl ether, dried and recrystallized from
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ethanol. Violet crystals, 77 % vyield; mp 263-265IR (KBr) vma/cm™ 3398-3219 (2N NH),
1647 (C=0), 1560 (C=N), 1328, 1157 ($3H NMR (DMSO-ds, 400 MHz)J4.42 (s, 2H, NH
hydrazone, BO exchangeable), 7.31-7.33 (m, 2H, Ar-H), 7.35-7#0 5H, Ar-H), 7.46 (s, 2H,
SONH,, D,O exchangeable), 7.79 (d, 2H7 8.7 Hz, Ar-H), 8.21 (s, 1H, H-3 of pyrazole), 0.4
(s, 1H, NH hydrazone, £D exchangeable}’C NMR (DMSO+ds, 100 MHz) 5 117.13, 125.82,
126.59, 128.54, 129.23, 129.45, 130.98, 140.3%,954 143.49, 143.70, 162.23. Mz [%0]
357 [M', 10.98], 326 [100]. Anal. Calcd forigH:5Ns03S (357.39): C, 53.77; H, 4.23; N, 19.60;
S, 8.97. Found: C, 53.91; H, 4.30; N, 19.76; S69.0

4.1.6. General procedure for synthesis of compo(htisf).

To a solution of 4-(4-(hydrazinecarbonyl)-5-phefd-pyrazol-1-yl)benzenesulfonamidé 0}
(20 mmol, 0.36 g) in 20 mL ethanol, 10 mmol of BYGubstituted isatin dX-benzyl isatin was
added followed by catalytic amount of acetic a€idb (ml). The reaction mixture was refluxed for
1 h. The formed precipitate, in case tfa-e, was filtered, washed with hot ethanol and
recrystallized from DMF/ EtOH to give the targeteompoundslla-e. Concerning compound
11f, the precipitate formed after cooling was filteesdl recrystallized from DMF/ EtOH.

4.1.6.1.4-(4-(2-(2-Oxoindolin-3-ylidene)hydrazinedrbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid@l1a). Yellow powder, 83 % yield; mp > 380. IR (KBr) vma/cm’
3278- 3136 (NH, 2NH), 1710-1681 (C=0), 1552 (C=N), 1320, 1153 {SOH NMR (DMSO-
ds, 300 MHz)J 6.85 (d, 1H,) = 7.8 Hz, H-7 isatin), 7.05 (t, 1H,= 7.8, H-5 isatin), 7.30-7.53
(m, 9H, Ar-H), 7.50 (s, 2H, SDH,, D,O exchangeable), 7.81 (d, 2Hz= 8.4 Hz, Ar-H), 8.34,
8.47 (2s, 1H, H-3 of pyrazole), 10.74,11.20 (2s, MH isatin, DO exchangeable), 10.95, 13.10
(2s, 1H, NH hydrazone, £5 exchangeable}’C NMR (DMSO4s, 75 MHz)46 110.43, 111.06,
115.21, 119.71, 120.77, 121.58, 122.58, 125.77,8829.26.47, 128.01, 129.54, 130.34, 131.52,
132.41, 141.13, 142.11, 143.37, 162.46, 164.60.MAS[%] 486 [M", 7.98], 222 [100]. Anal.
Calcd for G4H18N6O4S (486.51): C, 59.25; H, 3.73; N, 17.27; S, 6.5%urkd: C, 59.37; H, 3.76;
N, 17.39; S, 6.64.

4.1.6.2.4-(4-(2-(5-Chloro-2-oxoindolin-3-ylidenejitgzine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid@1b). Yellow powder, 61 % yield; mp > 300. IR (KBr) vma/cm™
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3410-3186 (NH, NH), 1712-1698 (C=0), 1506 (C=N), 1350, 1165 {5GH NMR (DMSO-ds,
400 MHz) 66.87 (d, 1HJ = 8.4 Hz, H-7 of isatin), 6.93 (d, 1H,= 8.4 Hz, H-6 of isatin), 7.33-
7.42 (m, 8H, Ar-H), 7.47 (s, 2H, SNH,, D,O exchangeable), 7.77 (d, 28= 8.7 Hz, Ar-H),
8.38, 8.48 (2s, 1H, H-3 of pyrazole), 10.88, 1138 1H, NH isatin, BO exchangeable), 11.35,
13.02 (2s, 1H, NH hydrazone,O exchangeable}’C NMR (DMSO+ds, 100 MHz)6 112.26,
113.09, 116.73, 120.81, 121.92, 126.08, 126.28,4126.27.04, 127.22, 128.80, 128.96, 129.79,
130.71, 130.84, 131.40, 132.26, 141.38, 141.71,814243.84, 143.96, 162.76, 164.92. M&
[%] 522 [M*+2, 3.22], 520 [M, 9.01], 326 [100]. Anal. Calcd for,gH17CINgO,S (520.95): C,
55.33; H, 3.29; N, 16.13; S, 6.15. Found: C, 55t¥13.34; N, 16.29; S, 6.21.

4.1.6.3.4-(4-(2-(5-Bromo-2-oxoindolin-3-ylidene)gzine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid@ic). Yellow powder, 87 % vyield; mp > 300. IR (KBr) vma/cm™*
3412-3178 (NH, NH), 1712-1683 (C=0), 1506 (C=N), 1350, 1166 {5OGH NMR (DMSO-ds,
400 MHz) 66.82 (d, 1HJ = 8.4 Hz, H-7 of isatin), 6.88 (d, 1K= 8.4 Hz, H-6 of isatin), 7.38-
7.45 (m, 8H, Ar-H), 7.51 (s, 2H, SNH,, D,O exchangeable), 7.82 (d, 28= 8.7 Hz, Ar-H),
8.38, 8.47 (2s, 1H, H-3 of pyrazole), 10.89, 1128 1H, NH isatin, BO exchangeable), 11.35,
13.01 (2s, 1H, NH hydrazone O exchangeable}’C NMR (DMSO4ds, 100 MHz)d 112.74,
113.53, 113.74, 114.79, 117.20, 122.33, 123.55,2828.26.41, 127.04, 128.87, 128.96, 129.76,
130.69, 130.83, 134.18, 135.06, 141.60, 141.75,744243.84, 143.95, 162.61, 164.79. M&
[%] 566 [M'+2, 3.32], 564 [M, 3.56], 326 [100]. Anal. Calcd for,gH:7BrN¢O4S (565.40): C,
50.98; H, 3.03; N, 14.86; S, 5.67. Found: C, 51H83.09; N, 14.97; S, 5.73.

4.1.6.4. 4-(4-(2-(5-Methoxy-2-oxoindolin-3-ylidemgdrazine-1-carbonyl)-5-phenyl-1H-pyrazol-
1-yl)benzenesulfonamid@ld). Orange powder, 81 % vyield; mp > 300 IR (KBr) vma/cm
13414-3190 (NH, NH), 1722-1690 (C=0), 1512 (C=N), 1322, 1156 {5 NMR (DMSO-ds,
300 MHz) 6 3.77 (s, 3H, OC}, 6.81 (dd, 1HJ = 11.4, 8.6 Hz, H-7 of isatin), 6.91-7.08 (m,
1H, Ar-H), 7.30-7.43 (m, 6H, Ar-H), 7.45 (s, 2H, 8M,, D,O exchangeable), 7.80 (d, 2H=

8.7 Hz, Ar-H), 8.34, 8.49 (2s, 1H, H-3 of pyrazeldép.55, 11.02 (2s, 1H, NH isatin,,O
exchangeable), 11.31, 13.12 (2s, 1H, NH hydrazba®, exchangeable}*C NMR (DMSO+s,

75 MHz) ¢ 55.58, 105.73, 110.91, 111.91, 112.39, 115.65,2B18120.46, 125.74, 126.50,
128.29, 129.23, 130.23, 135.90, 137.35, 141.14,1%4243.31, 154.45, 155.32, 162.60, 164.74.
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MS m/z [%] 516 [M", 7.62], 326 [100]. Anal. Calcd for 820Ne0sS (516.53): C, 58.13; H,
3.90; N, 16.27; S, 6.21. Found: C, 58.30; H, 39616.38; S, 6.32.

4.1.6.5. 4-(4-(2-(5-Nitro-2-oxoindolin-3-ylidenejirazine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid@le). Yellow powder, 92 % yield; mp > 360. IR (KBr) vma/cm’®
3367-3105 (NH, NH), 1716-1685 (C=0), 1523 (C=N), 1338, 1165 £&4 NMR (DMSO-s,
400 MHz)67.08 (dd, 1HJ = 19.2, 8.7 Hz, H-7 of isatin), 7.33-7.46 (m, 5k;H), 7.47 (s, 2H,
SONH,, D,O exchangeable), 7.82 (d, 2Bl= 8.7 Hz, Ar-H), 8.16-8.42 (m, 4H, Ar- H), 8.49,
8.83 (2s, 1H, H-3 of pyrazole), 10.47, 11.86 (24, MH isatin, DO exchangeable), 11.90, 12.86
(2s, 1H, NH hydrazone, £» exchangeable}’C NMR (DMSO-ds, 100 MHz)s 111.02, 111.84,
115.44, 116.15, 120.94, 122.07, 126.30, 126.43,08271.28.74, 129.02, 129.65, 130.70, 130.82,
141.57, 141.68, 142.35, 143.22, 143.86, 144.00,7B47149.60, 163.20, 165.40. MB/z [%]
531 [M', 9.67], 324 [30], 125 [100]. Anal. Calcd forEl17/N;OsS (531.50): C, 54.24; H, 3.22;
N, 18.45; S, 6.03. Found: C, 54.51; H, 3.28; N638S, 6.11.

4.1.6.6. 4-(4-(2-(1-benzyl-2-oxoindolin-3-ylidengjhazine-1-carbonyl)-5-phenyl-1H-pyrazol-1-
yl)benzenesulfonamid@if). Orange powder, 89 % vyield; mp = 210-222 IR (KBr) vma/cm*
3313-3194 (NH, NH), 1674-1612 (C=0), 1554 (C=N), 1342, 1168 {5¢H NMR (DMSO-ds,
400 MHz) 04.93 (s, 2H, benzylic Ch, 7.04 (d, 1HJ = 8.7 Hz, H-7 of isatin), 7.11 (t, 1H,=
7.5 Hz, H-5 of isatin), 7.25-7.40 (m, 11H, Ar-H)47 (d, 2H,J = 8.4 Hz, Ar-H), 7.52 (s, 2H,
SONH,, D,O exchangeable), 7.56 (d, 1Bl= 7.4 Hz, Ar-H), 7.85 (d, 2H) = 8.4 Hz, Ar-H),
8.39, 8.57 (2s, 1H, H-3 of pyrazole), 12.00, 13(22 1H, NH hydrazone, JO exchangeable).
13C NMR (DMSOds, 100 MHz) § 42.96, 110.82, 115.85, 119.69, 121.13, 123.74,3126
127.02, 127.96, 128.15, 128.30, 128.99, 129.18,063030.89, 131.84, 136.10, 141.62, 142.89,
143.97, 145.40, 161.08, 172.52. Mz [%] 576 [M’, 2.03], 144 [100]. Anal. Calcd for
Cs31H24N604S (576.63): C, 64.57; H, 4.20; N, 14.57; S, 5.58urid: C, 64.74; H, 4.27; N, 14.74;
S, 5.61.

4.1.8. Synthesis of ethyl 5-amino-1-(4-sulfamoylgh€elH-pyrazole-4-carboxylatéi4).

Ethyl 2-cyano-3-ethoxyacrylatel) (10 mmol, 1.69 g) and 4-aminobenzenesulfonamide

hydrochloride (10 mmol, 2.23 g) were refluxed imiture of acetic acid and water (5:1) for 4
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h. The reaction mixture was poured on ice andestifor 1 h. The given precipitate was filtered,
washed with water, dried and recrystallized frolmaabl. The experimental data were given as
reported [31].

4.1.9. General procedure for synthesis of compo(ifsf).

In 50 mL round flask, 4-(4-(hydrazinecarbonyl)-5iam1H-pyrazol-1-yl)benzenesulfonamidé
(20 mmol, 0.3 g) was dissolved in ethanol (20 mil)oived by the addition of the appropriate
isatin derivative (10 mmol). Reflux was performeiteathe addition of a catalytic amount of
acetic acid (0.5 mL) for 1 h. The formed precimtan case ofl6a-e, was filtered washed with
hot ethanol and recrystallized from DMF / EtOH tovegthe targeted compoundksa-e.
Concerning compound6f, the precipitate formed after cooling was filteraad recrystallized
from DMF / EtOH.

4.1.9.1.4-(5-Amino-4-(2-(2-oxoindolin-3-ylidene)gzine-1-carbonyl)-1H-pyrazol-1-
yl)benzenesulfonamid@6a). Yellow powder, 76 % vyield; mp > 300. IR (KBr) vma/cm™*
3385-3182 (NH, NH), 1718-1690 (C=0), 1531 (C=N), 1321, 1153 {8GH NMR (DMSO-ds,
300 MHz) 0 6.52 (s, 2H, NKH DO exchangeable), 6.87-7.17 (m, 3H, Ar-H), 7.37 &,7.8 Hz,
1H, Ar-H), 7.45, 7.50 (2s, 2H, SO8H,, D,O exchangeable), 7.57 (d, 2Bl= 7.5 Hz, Ar-H),
7.76-8.12 (m , 2H, Ar-H), 8.53, 9.18 (2s, 1H, W{3pyrazole), 10.79, 11.14 (2s, 1H, NH isatin,
D,O exchangeable), 11.24, 12.96 (2s, 1H, NH hydraz@© exchangeable)*C NMR
(DMSO-ds, 75 MHz) 4§ 95.48, 110.51, 111.04, 115.43, 120.01, 120.55,712122.55, 123.52,
125.97,126.93, 127.03, 131.12, 132.11, 138.77,204042.02, 143.57, 151.60, 162.79, 165.02.
MS m/z [%] 425 [M', 30.01], 265 [100]. Anal. Calcd for;@415N;0,S (425.42): C, 50.82; H,
3.55; N, 23.05; S, 7.54. Found: C, 51.04; H, 3/%323.28; S, 7.63.

4.1.9.2.4-(5-Amino-4-(2-(5-chloro-2-oxoindolin-3ddne)hydrazine-1-carbonyl)-1H-pyrazol-1-
yl)benzenesulfonamid@eéb). Yellow powder, 70 % yield; mp > 300. IR (KBr) vma/cm™*
3390-3182 (NH, NH), 1725-1664 (C=0), 1521 (C=N), 1305, 1165 {5GH NMR (DMSO-ds,
300 MHz) 86.52 (s, 2H, NH D,O exchangeable), 6.83-7.05 (m, 2H, Ar-H), 7.34 &,7.8 Hz,
1H, Ar-H), 7.50, 7.63 (2s, 2H, SAH,, D,O exchangeable), 7.82 &= 6.6 Hz, 2H, Ar-H),7.99
(d,J = 8.4 Hz, 2H, Ar-H), 8.20, 8.46 (2s, 1H, H-3 ofrpyole), 10.80, 11.34 (2s, 1H, NH isatin,
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D,O exchangeable), 12.85 (s, 1H, NH hydrazong) Bxchangeable}’C NMR (DMSO+4s, 75
MHz) ¢ 94.86, 112.43, 120.12, 121.66, 122.64, 123.25,742@4.27.01, 130.39, 133.30, 140.18,
140.58, 142.60, 151.68, 162.53. M&z[%] 461 [M'+2, 3.22], 459 [M, 9.10], 265 [100]. Anal.
Calcd for GgH14CIN;/O4S (459.87): C, 47.01; H, 3.07; N, 21.32; S, 6.93urid: C, 47.14; H,
3.09; N, 21.57; S, 7.04.

4.1.9.3.4-(5-Amino-4-(2-(5-Bromo-2-oxoindolin-3eég@ne)hydrazine-1-carbonyl)-1H-pyrazol-1-
yl)benzenesulfonamid@6c). Yellow powder, 79 % vyield; mp > 300. IR (KBr) vma/cm™
3412-3178 (NH, NH), 1712-1683 (C=0), 1506 (C=N), 1350, 1166 {5OGH NMR (DMSO-ds,
300 MHz) 0 6.52 (s, 2H, NKH D,O exchangeable), 6.86-7.02 (m, 3H, Ar-H), 7.492H,
SO,NH,, D,O exchangeable), 7.70-7.85 (m, 2H, Ar-H), 7.992H, J = 8.4 Hz, Ar-H), 8.20,
8.57 (2s, 1H, H-3 of pyrazole), 10.89, 11.33 (24, NH isatin, BO exchangeable), 12.84 (s,
1H, NH hydrazone, BD exchangeable}’C NMR (DMSOds, 75 MHz)d 94.24, 112.87, 114.35,
122.05, 122.84 123.45, 127.01, 133.17, 140.18,9H4042.58, 151.68, 162.38. Mi¥z[%] 505
[M*+2, 3.67], 503 [M, 3.69], 222 [100]. Anal. Calcd for:gH:4BrN;O,S (504.32): C, 42.87; H,
2.80; N, 19.44; S, 6.36. Found: C, 42.99; H, 2N919.62; S, 6.39.

4.1.9.4. 4-(5-Amino-4-(2-(5-methoxy-2-oxoindoligtgliene)hydrazine-1-carbonyl)-1H-pyrazol-
1-yl)benzenesulfonamid@6d). Orange powder, 85 % yield; mp > 300 IR (KBr) vma/cmi*
3414-3190 (NH, NH), 1722-1690 (C=0), 1512 (C=N), 1322, 1156 {6& NMR (DMSO-d,
400 MHz) 4 3.80 (s, 3H, OCH), 6.82 (d, 1HJ = 8.4 Hz, H-7 isatin), 6.96 (d, 2H,= 10.2 Hz,
Ar- H), 7.07 (s, 2H, NH, D,O exchangeable), 7.49 (s, 2H, BIBl,, D,O exchangeable), 7.83 (d,
2H, J = 8.4 Hz, Ar-H), 8.00 (d, 2H) = 8.4 Hz, Ar-H), 8.61 (s, 1H, H-3 of pyrazole)).41,
11.07 (s, 1H, NH isatin, f® exchangeable), 11.38, 13.02 (2s, 1H, NH hydraz@©®
exchangeable)*C NMR (DMSO«ds, 100 MHz)s 56.41, 95.92, 111.50, 112.13, 116.20, 118.52,
121.22,123.18, 123.97, 127.51, 137.77, 140.83,964243.31, 152.46, 155.11, 155.83, 165.69,
166.47. MSM/z[%] 455 [M", 9.06], 223 [100]. Anal. Calcd for;gH1/N;OsS (455.45): C, 50.11;
H, 3.76; N, 21.53; S, 7.04. Found: C, 50.27; H3318, 21.75; S, 7.13.

4.1.9.5.4-(5-Amino-4-(2-(5-Nitro-2-oxoindolin-3-gdine)hydrazine-1-carbonyl)-1H-pyrazol-1-
yl)benzenesulfonamid@6e). Yellow powder, 92 % vyield; mp > 300. IR (KBr) vma/cm™*
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3421-3120 (NH, NH), 1732-1666 (C=0), 1523 (C=N), 1327, 1165 {5GH NMR (DMSO-ds,
400 MHz) 0 6.79-7.14 (m, 2H, Ar-H), 7.07 (s, 2H, NHD,O exchangeable), 7.51 (s, 2H,
SONH,, D,O exchangeable), 7.82 (d, 2Bi= 8.0 Hz, Ar-H), 7.99 (d, 2H] = 8.0 Hz, Ar-H),
8.10-8.39 (m, 1H, Ar- H), 8.57, 9.16 (2s, 1H, H{3pgrazole), 10.98, 11.50 (2s, 1H, NH isatin,
D,O exchangeable), 11.95, 12.78 (2s, 1H, NH hydraz@© exchangeable)*C NMR
(DMSO-ds, 100 MHZz)6 95.72, 110.97, 115.64, 121.89, 123.44, 124.02,00/24.27.51, 128.48,
133.07, 140.75, 142.52, 143.03, 143.19, 149.49,6152165.94. MSn/z [%] 470 [M', 8.97],
222 [100]. Anal. Calcd for gH14NgOsS (470.42): C, 45.96; H, 3.00; N, 23.82; S, 6.83urfd:
C, 46.31; H, 2.98; N, 23.94; S, 6.93.

4.1.9.6.4-(5-Amino-4-(2-(1-benzyl-2-oxoindolin-&ghe)hydrazine-1-carbonyl)-1H-pyrazol-1-
yl)benzenesulfonamidééf). Yellow powder, 88 % vyield; mp = 270-22 IR (KBr) vma/cm*
3313-3194 (NH, NH), 1732-1674 (C=0), 1554 (C=N), 1342, 1168 {56 NMR (DMSO-ds,
400 MHz) 05.02 (s, 2H, benzylic CHl 7.03 (s, 2H, NKH D,O exchangeable), 7.04 (d, 18F=
8.0 Hz, H-7 of isatin), 7.14 (t, 1H,= 7.6 Hz, H-5 of isatin), 7.27-7.42 (m, 6H, Ar-H).53 (s,
2H, SOQNH,, D,O exchangeable), 7.70 (d, 181z 7.4 Hz, Ar-H), 7.83 (d, 2H) = 8.7 Hz, Ar-
H), 8.00 (d, 2HJ = 8.7 Hz, Ar-H), 8.21 (s, 1H, H-3 of pyrazole),.82 (s, 1H, NH hydrazone,
D,O exchangeable}’C NMR (DMSO+ds, 100 MHz) 4 43.00, 95.51, 110.81, 119.98, 120.90,
123.70, 124.01, 127.52, 127.86, 128.09, 129.19,4P3133.89, 136.18, 140.66, 142.72, 143.13,
152.13, 161.41. M&/z[%] 515 [M’, 10.12], 326 [100]. Anal. Calcd for,6H,1N;0,S (515.55):
C,58.24; H, 4.11; N, 19.02; S, 6.22. Found: C4388H, 4.16; N, 19.26; S, 6.25.

4.2. Carbonic anhydrase inhibition
4.2.1. CA inhibitory assay

An SX.18MV-R Applied Photophysics stopped-flow instrent was used for assaying
the CA-catalyzed CoOhydration activity by using the method of KhalifE88]. Inhibitor
and enzyme were preincubated for 6 hsgl@alues were obtained from dose response
curves working at seven different concentrationsest compound (from 0.1 nM to 50
HM), by fitting the curves using PRISM (www.graphpamim) and non-linear least
squares methods, values representing the meanledsitthree different determinations,
as described earlier by us.[32, 33] The inhibitmonstants (K were then derived by

18



using the Cheng-Prusoff equation, as follotis= 1Cso/(1 + [S]/Km) where [S] represents
the CQ concentration at which the measurement was cardey and k, the
concentration of substrate at which the enzymeyiactis at half maximal. All enzymes
used were recombinant, producedtioli as reported earlier.[34, 35] The concentrations
of enzymes used in the assay were: hCA |, 1031 mBA II, 8.4 nM; hCA IX, 7.8 nM
and hCA XiIl, 10.4 nM.

4.3. X-Ray Crystallography

4.3.1. General Data for compourd@. Single crystals for compound$ were obtained by slow
evaporation from ethanol. A good crystal with atalle size was selected for analysis.
Crystallographic data for the structur#®0 has been deposited with the Cambridge
Crystallographic Data Center (CCDC) under the nusil@CDC 1053077. Data were collected
on a Bruker APEX-II CCD diffractometer equipped lwigraphite monochromatic CKe«
radiation ¢ = 1.54178 A) at 296 (2) K. Cell refinement andadegduction were done by Bruker
SAINT; program used to solve structure and refitreacsure is SHELXS-97 [36]. The final
refinement was performed by full-matrix least-s@satechniques with anisotropic thermal data
for non-hydrogen atoms af2. All the hydrogen atoms were placed in calculgtesitions and
constrained to ride on their parent atoms. Multisebsorption correction was applied by the use
of SADABS software.

4.3.2. General Data for compourid. Single crystals for compouridt were obtained by slow
evaporation from ethanol. A good crystal with atale size was selected for analysis.
Crystallographic data for the structuré4 has been deposited with the Cambridge
Crystallographic Data Center (CCDC) under the nuslgg&CDC 1063099. All diagrams and
calculations were performed using maXus [37]. Datare collected on a KappaCCD
diffractometer equipped with graphite monochromtizKa radiation). = 0.71073 A at 298 (2)
K. Cell refinement and data reduction were donéiBy. SCALEPACK (Otwinowski & Minor
1997); program used to solve structure and refinectsire is SHELXS-97 [36]. The final
refinement was performed by full-matrix least-sesarechniques with anisotropic thermal data

for non-hydrogen atoms af2. All the hydrogen atoms were placed in calculgiesitions and
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constrained to ride on their parent atoms. Multisabsorption correction was applied by the use
of SADABS software.

4.4. Molecular Docking Studies

The molecular docking of the tested compounds veafopned using Discovery Studio 4
/CDOCKER protocol Accelrys Software Inc.)Tlhe protein crystallographic structure, hCA IX
(PDB id: 3lAl) and hCA Xl (PDB id: 1JD0) was dowdded from the Protein Data Bank
(PDB). The protein was prepared for docking procassording to the standard protein
preparation procedure integrated in Accelry’s disey studio 4 and prepared by prepare protein
protocol. Docked compounds were drawn and preplayeprepare ligand protocol to generate
3D structure and refined using CHARMM force fieldtiwfull potential. Docking simulations
were run using CDOCKER protocol where maximum badntations was 800 and orientation
vdW energy threshold was 300. Simulated annealingilation would be then carried out
consisting of a heating phase 700 K with 2,000sst&md a cooling phase back to 5,000 steps.
The binding energy was calculated as a score tk ttaa docking poses. The top 10 docking
poses would be finally saved. Docking poses werked according to their —-CDOCKER

interaction energy, and the top pose was choseanfalysis of interactions for each compound.
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Figure 4. (A) 3D diagram for interaction of compouride with hCA IX (PDB id: 3IAl)
showing sulfonamide as zinc binding group and ndroup interacting with Asp132 with
electrostatic bondB) 3D diagram for interaction of compouffle with hCA IX (PDB id: 3IAl)
showing sulfonamide as zinc binding group and ndroup interacting with Asp132 with
electrostatic bond. In these diagrams, the whotgepr was displayed as a tube except the
interacting amino acids were displayed as stickdridgen bond was represented by green dots,
electrostatic bond was represented by orange Bofsydrophobic interaction was represented
by pink dots and metallic bond was representedrby dots.
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Figure 5. (A) 3D diagram for interaction of compouride with hCA Xl (PDB id: 1JDO)
showing sulfonamide as zinc binding group and nigroup interacting with Lys67 with
electrostatic bond(B) 3D diagram for interaction of compouriée with hCA XII (PDB id:
1JD0) showing sulfonamide as zinc binding group @it group interacting with Asp130 with
electrostatic bond. In these diagrams, the whotgepr was displayed as a tube except the
interacting amino acids were displayed as stickdrdgen bond was represented by green dots,
electrostatic bond was represented by orange Botsydrophobic interaction was represented
by pink dots and metallic bond was representedrby dots.
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Table 1. Inhibition data of human carbonic anhydrase isofohCA |, I, IX and XlI with the
sulfonamide derivatives, 11 and16 determined by stopped-flow G@Qydrase assay [33], using
acetazolamideAAZ) as standard drug.

Compound Ki(nM)?

hCA hCA hCA hCA

I I IX X1
5a 53.7 11.8 8.8 91.5
5b 102 9.9 7.4 65.9
5¢c 9.0 6.4 20.0 83.6
5d 524 5.9 4.7 244
1la 9.7 4.3 52.9 73.5
11b 383 4.6 9.7 445
1llc 6.7 55 7.8 91.4
11d 76 35 3.3 74.6
1lle 495 31.3 157 3.7
11f 619 179 136 6.5
16a 5.7 2.9 2.8 37.7
16b 7.1 3.8 2.5 22.8
16c 5.2 3.2 94 56.8
16d 7.1 4.5 3.5 82.8
16e 704 231 74 5.4
16f 149 195 200 7.2
AAZ* 250 12 25 5.7

i presented is the mean from 3 different assaysr®are in the range of + 5-10% of the reportaldies (data not
shown).
*. Acetazolamide (AAZ) was used as a standard ibdiilior all CAs investigated here
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Highlights

- Isatin-pyrazole benzenesulfonamide hybrids 5, 11 and 16 were designed and synthesized
using celecoxib as lead molecule.

- Biological evaluation against carbonic anhydrase (CA, EC 4.2.1.1) isoforms hCA [, I1, IX and
XII was investigated.

- Most of the tested compounds inhibited hCA 1, Il and I1X in the low nanomolar range (K, =
2.5-102 nM).

- Compounds 11e, 11f, 16e and 16f preferentially inhibited hCA XI1I with Ki = 3.7, 6.5, 5.4 and
7.2 nM, respectively.

- Docking studies were employed to discover the role of NO, group in compounds 11e and
16e.
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Additional figures for X-ray crystallography for compounds 10 and 14.

Figure 1: Crystal packing of 10 showing intermolecular hydrogen bonds as dashed lines.

Figure 2: Crystal packing of 14 showing intermolecular hydrogen bonds as dashed lines.



The crystallographic data and refinement for the two crystals were presented in Table 1.

Selected geometric parameters of compounds 10 and 14 presented in Tables 2-5, respectively.

Table 1. Crystallographic data and refinements for compounds 10 and 14.

Compound 10 14

Crystal data

Chemical formula C16H15Ns03S C12H14N404S

Mr 357.39 310.33

Crystal system, space group Monoclinic, Cc Triclinic, P 1

Temperature (K) 150 150

a, b, c(A) 9.6737 (2), 21.1344 (8), 10.5510 (2), 10.5770 (2),
8.7451 (3) 12.7460 (3)

V (A% 1598.45 (9) 1412.07 (5)

Z 4 4

Radiation type Cu Ka Mo Ké&

g (mm-1) 2.05 0.25

Data collection

Diffractometer

Absorption correction
Rint

CCD area detector diffractometer
multi-scan SADABS Bruker 2009

0.078

0.067

Refinement

R[F? > 26(F?)], wR(F?), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment

Aﬁmax, Afimin (e A{’:)

0.038, 0.091, 1.08

2057
246
2

H-atom parameters

constrained

0.22,-0.25

0.059, 0.179, 0.96

12273

413

0

H atoms treated by a
mixture of independent and
constrained refinement
0.59, -0.42

Table 2. Selected geometric parameters (A, °) for compound 10.

Bond distance

S1—O03 1.421 (3)
S1—02 1.432 (3)
S1—N5 1.580 (4)
S1—C14 1.761 (4)
01—C10 1.230 (5)
N1—C1 1.302 (6)
N1—N2 1.373 (5)
N2—C3 1.376 (5)
N2—C11 1.410 (5)
N3—C10 1.332 (5)
N3—N4 1.402 (6)
N3—H1N3 0.74 (6)

N4—H2N4 0.80 (7)

N4—H1N4 1.03 (9)

C4—C5
C4—C9
C5—C6
C5—H5A
C6—C7
C6—H6A
C7—C8
C7—H7A
Cc8—C9
C8—HB8A
C9—H9A
C11—C16
Cl1—Ci2
C12—C13

1.380 (5)
1.380 (6)
1.378 (6)
0.9300
1.373 (7)
0.9300
1.367 (7)
0.9300
1.384 (6)
0.9300
0.9300
1.395 (5)
1.398 (6)
1.373 (6)



N5—H2N5 0.79 (6) Cl12—H12A 0.9300
N5—H1N5 0.81 (6) Cl13—Ci14 1.386 (5)
Cl—C2 1.417 (5) C13—H13A 0.9300
Cl1—H1A 0.9300 Cl14—C15 1.379 (5)
C2—C3 1.388 (6) C15—C16 1.379 (6)
C2—C10 1.472 (6) C15—H15A 0.9300
C3—C4 1.484 (5) C16—H16A 0.9300
Bond angle

03—S1—02 118.15 (19) C7—C6—C5 120.6 (4)
03—S1—N5 107.7 (2) C7—C6—H6A 119.7
02—S1—N5 109.3 (2) C5—C6—H6A 119.7
03—S1—C14 106.91 (18) C8—CT7—C6 119.7 (4)
02—S1—C14 106.90 (18) C8—C7—HT7A 120.2
N5—S1—C14 107.44 (19) C6—C7—HT7A 120.2
C1—N1—N2 105.1 (3) C7—C8—C9 120.2 (5)
N1—N2—C3 1115 (3) C7—C8—HS8A 119.9
N1—N2—Cl11 117.0 (3) C9—C8—HB8A 119.9
C3—N2—C11 131.5 (3) C4—C9—C8 120.2 (4)
C10—N3—N4 123.3 (4) C4—C9—H9A 119.9
C10—N3—H1N3 128 (4) C8—C9—H9A 119.9
N4—N3—H1N3 108 (4) 01—C10—N3 121.1 (4)
N3—N4—H2N4 102 (6) 01—C10—C2 123.4 (4)
N3—N4—H1N4 99 (5) N3—C10—C2 115.5 (3)
H2N4—N4—H1N4 106 (7) Cl6—C11—C12 119.2 (4)
S1—N5—H2N5 114 (4) C16—C11—N2 122.1 (3)
S1—N5—HIN5 123 (4) C12—C11—N2 118.7 (3)
H2N5—N5—H1N5 121 (6) C13—C12—C11 120.4 (3)
N1—C1—C2 112.8 (3) C13—C12—H12A 119.8
N1—C1—H1A 123.6 C11—C12—H12A 119.8
C2—C1—H1A 123.6 C12—C13—C14 120.1 (3)
Cc3—C2—C1 104.4 (4) C12—C13—H13A 120.0
C3—C2—C10 128.1 (3) C14—C13—H13A 120.0
C1—C2—C10 127.3 (4) C15—C14—C13 119.9 (4)
N2—C3—C2 106.2 (3) C15—C14—S1 120.6 (3)
N2—C3—C4 122.8 (3) C13—C14—sS1 119.4 (3)
C2—C3—C4 131.1 (3) C14—C15—C16 120.6 (3)
C5—C4—C9 119.3 (3) C14—C15—H15A 119.7
C5—C4—C3 119.9 (4) C16—C15—H15A 119.7
C9—C4—C3 120.8 (3) C15—C16—C11 119.8 (3)
C6—C5h—C4 120.0 (4) C15—C16—H16A 120.1
C6—C5—H5A 120.0 C11—C16—H16A 120.1
C4—C5—H5A 120.0

Torsion angle

C1—N1—N2—C3 -0.5 (5) N4—N3—C10—C2 —170.8 (5)
C1—N1—N2—C11 178.5 (3) C3—C2—C10—O01 9.5(7)
N2—N1—C1—C2 0.2 (5) Cl1—C2—C10—01 —164.8 (4)
N1—C1—C2—C3 0.1 (5) C3—C2—C10—N3 -172.2 (4)
N1—C1—C2—C10 175.5 (4) Cl1—C2—C10—Ns3 13.5 (6)



N1—N2—C3—C2 0.5(4) N1—N2—C11—C16 -149.1 (4)
C11—N2—C3—C2 —178.3 (4) C3—N2—C11—C16 29.7 (6)
N1—N2—C3—C4 -179.1 (4) N1—N2—C11—C12 29.3 (5)
Cl11—N2—C3—C4 2.1(6) C3—N2—C11—C12 —-152.0 (4)
C1—C2—C3—N2 -0.3(4) C16—C11—C12—C13 2.3 (6)
C10—C2—C3—N2 —-175.7 (4) N2—C11—C12—C13 -176.1 (4)
Cl1—C2—C3—C4 179.3 (4) C11—C12—C13—C14 1.7 (6)
Cl10—C2—C3—C4 3.9(7) C12—C13—C14—C15 0.8 (6)
N2—C3—C4—C5 —115.5 (4) C12—C13—C14—S1 175.9 (3)
C2—C3—C4—C5 64.9 (6) 03—S1—C14—C15 112.5 (3)
N2—C3—C4—C9 62.9 (5) 02—S1—C14—C15 -15.0 (4)
C2—C3—C4—C9 —116.7 (5) N5—S1—C14—C15 -132.2 (3)
C9—C4—C5—C6b —0.8 (6) 03—S1—C14—C13 —64.3 (3)
C3—C4—C5—C6 177.6 (4) 02—S1—C14—C13 168.3 (3)
C4—C5—C6—C7 0.7 (7) N5—S1—C14—C13 51.1 (4)
C5—C6—C7—C8 0.1(8) C13—C14—C15—C16 2.6 (6)
C6—C7—C8—C9 —0.7 (8) S1—C14—C15—C16 -174.1 (3)
C5—C4—C9—C8 0.2(7) C14—C15—C16—C11 —2.0(6)
C3—C4—C9—C8 -178.2 (4) C12—C11—C16—C15 —0.5(6)
C7—C8—C9—C4 0.6 (8) N2—C11—C16—C15 177.8 (3)
N4—N3—C10—O01 7.6 (7)

Table 3. Hydrogen-bond geometry (A, °) of compound 10.

D—H---A D—H H---A D---A

N5—H2N5.--03! 0.79(8) 2.12(9) 2.878(7)

N5—HI1N5---01" 0.84(7) 2.08(7) 2.851(7)

N4—H1N4---01 0.97(9) 2.39(9) 2.742(7)

N3—H1N3-.-02' 0.79(8) 2.29(8) 3.057(7)

C1—H1A...02' 0.9300 2.3400 3.245(6)

C15—H15A---02 0.9300 2.5200 2.901(5)

Table 4. Selected geometric parameters (A, °) for compound 14.
Bond distance
N2B—C6B 1.413 (2) S1A—O1A 1.4195 (17)
N2B—C7B 1.368 (2) S1A—02A 1.4267 (16)
N3B—C9B 1.308 (3) S1A—NI1A 1.610 (2)
CAA—H4AA 0.9300 S1A—C3A 1.769 (2)
N4B—C7B 1.335(3) S1B—N1B 1.6028 (19)
C5A—H5AA 0.9300 S1B—O01B 1.4264 (16)



C9A—HI9AA 0.9300 S1B—02B 1.4338 (14)
C11A—H11D 0.9700 S1B—C3B 1.7709 (19)
Cl1A—H11C 0.9700 O3A—C10A 1.222 (2)
C12A—H12E 0.9600 O4A—C11A 1.463 (3)
C12A—H12F 0.9600 O4A—C10A 1.333 (3)
C12A—H12D 0.9600 N2A—C6A 1.422 (2)
ClB—C2B 1.384 (3) N2A—CT7A 1.348 (2)
C1B—C6B 1.384 (3) N2A—N3A 1.392 (2)
N1B—H4NB 0.82 (2) N3A—C9A 1.301 (3)
N1B—H3NB 0.89 (2) N4A—C7A 1.357 (2)
C2B—C3B 1.388 (3) C1A—C2A 1.372 (3)
C3B—C4B 1.389 (3) C1A—C6A 1.385 (3)
N4B—H2NB 0.83(2) N1A—H3NA 0.92 (3)
N4B—H1NB 0.86 (2) N1A—H4NA 0.86 (3)
C4B—C5B 1.376 (3) C2A—C3A 1.379 (3)
C5B—C6B 1.388 (3) C3A—C4A 1.385 (3)
C7B—C8B 1.391 (3) 03B—C10B 1.214 (3)
C8B—C10B 1.445 (3) N4A—HINA 0.88 (3)
C8B—C9B 1.404 (3) N4A—H2NA 0.88 (3)
C11B—C12B 1.460 (5) C4AA—C5A 1.380 (3)
C1B—H1BA 0.9300 04B—C11B 1.459 (3)
C2B—H2BA 0.9300 04B—C10B 1.334 (2)
C4B—H4BA 0.9300 C5A—C6A 1.377 (3)
C5B—H5BA 0.9300 C7A—C8A 1.389 (3)
C9B—H9BA 0.9300 C8A—C10A 1.440 (3)
Cl1B—H11A 0.9700 C8A—C9A 1.407 (3)
Cl11B—H11B 0.9700 Cl11A—C12A 1.393 (5)
C12B—H12A 0.9600 Cl1A—H1AA 0.9300
Cl12B—H12B 0.9600 C2A—H2AA 0.9300
Cl2B—H12C 0.9600 N2B—N3B 1.396 (2)
Bond angle

O4A—C11A—H11C 110.00 O1A—S1A—O02A 119.98 (11)
O4A—C11A—H11D 110.00 O1A—S1A—NI1A 107.64 (11)
C12A—C11A—H11C 110.00 O1A—S1A—C3A 108.29 (10)
C12A—C11A—H11D 110.00 02A—S1A—N1A 106.24 (13)
H11C—C11A—H11D 108.00 02A—S1A—C3A 106.90 (10)



Cl11A—C12A—H12F
H12E—C12A—H12F
H12D—C12A—H12E
H12D—C12A—H12F
Cl11A—C12A—H12D
Cl1A—C12A—H12E
C2B—C1B—C6B
H4ANB—N1B—H3NB
S1B—N1B—H4NB
S1B—N1B—H3NB
C1B—C2B—C3B
S1B—C3B—C2B
S1B—C3B—C4B

C2B—C3B—C4B
C3B—C4B—C5B

C7B—N4B—H2NB
C7B—N4B—HI1NB

H2NB—N4B—H1NB

C4B—C5B—C6B
N2B—C6B—C1B
N2B—C6B—C5B
C1B—C6B—C5B
N4B—C7B—C8B
N2B—C7B—C8B
N2B—C7B—N4B
C7B—C8B—C9B
C7B—C8B—C10B
C9B—C8B—C10B
N3B—C9B—C8B
04B—C10B—C8B
03B—C10B—04B
03B—C10B—C8B
04B—C11B—C12B
C2B—C1B—HI1BA
C6B—C1B—HI1BA
C1B—C2B—H2BA

109.00
109.00
109.00
109.00
110.00
109.00
119.91 (18)
118 (2)
109.9 (16)
114.8 (14)
119.59 (17)
120.03 (14)
119.64 (15)

120.34 (17)
119.93 (18)

110.8 (16)
121.6 (14)
128 (2)
119.82 (18)
121.04 (18)
118.49 (16)
120.42 (18)
129.68 (18)
106.12 (15)
124.13 (17)
104.79 (18)
124.77 (18)
130.45 (18)
113.59 (19)
111.95 (17)
123.89 (19)
124.14 (18)
107.9 (3)
120.00
120.00
120.00

N1A—S1A—C3A
01B—S1B—02B
01B—S1B—N1B
01B—S1B—C3B
02B—S1B—N1B
02B—S1B—C3B
N1B—S1B—C3B
C10A—0O4A—C11A
N3A—N2A—C7A
N3A—N2A—C6A
C6A—N2A—CT7A
N2ZA—N3A—C9A

HANA—NI1A—H3NA

C2A—C1A—C6A
S1IA—NI1A—HANA

S1IA—NI1A—H3NA
C1A—C2A—C3A
S1IA—C3A—C2A
S1A—C3A—C4A
C2A—C3A—C4A
C3A—C4A—C5A
C7A—N4A—HINA
C7A—N4A—H2NA

H2NA—N4A—H1INA

C10B—04B—C11B
C4A—C5A—C6A
C1A—C6A—C5A
N2A—C6A—C1A
N2A—C6A—C5A
N2A—C7A—C8A
N4A—C7A—CB8A
N2A—C7A—N4A
C7A—C8A—C10A
CO9A—CB8A—CI10A
C7A—C8A—C9A
N3A—C9A—C8A

107.18 (11)
119.00 (9)
107.45 (10)
107.15 (9)
106.47 (9)
107.84 (8)
108.59 (9)
116.49 (19)
111.66 (15)
119.46 (15)
128.72 (15)
104.05 (16)
112 (3)

119.52 (19)
102.8 (15)

113 (2)
119.95 (19)
119.48 (15)
119.78 (15)
120.68 (18)
119.31 (18)
113 (2)
112.8 (15)
124 (3)
117.31 (19)
119.82 (18)
120.68 (18)
119.40 (17)
119.89 (16)
106.80 (15)
130.43 (19)
122.74 (18)
123.98 (17)
131.85 (18)
104.17 (17)
113.32 (17)



C3B—C2B—H2BA
C3B—C4B—H4BA
C5B—C4B—H4BA
C4B—C5B—HSBA
C6B—C5B—HSBA
N3B—C9B—HI9BA
C8B—C9B—HI9BA
04B—C11B—H11A
04B—C11B—H11B
C12B—C11B—H11A

C12B—C11B—H11B
H11A—C11B—H11B

C11B—C12B—H12A
C11B—C12B—H12B
Cl11B—C12B—H12C
H12A—C12B—H12B
H12A—C12B—H12C
H12B—C12B—H12C

120.00
120.00
120.00
120.00
120.00
123.00
123.00
110.00
110.00
110.00

110.00
108.00

110.00
109.00
109.00
109.00
110.00
109.00

O3A—C10A—C8A

123.95 (19)

04A—C10A—C8A 113.22 (17)
03A—C10A—04A 122.83 (19)
O4A—C11IA—CI12A  109.8 (3)
C2A—C1A—HI1AA 120.00
C6A—C1A—HI1AA 120.00
C1A—C2A—H2AA 120.00
C3A—C2A—H2AA 120.00
N3B—N2B—C7B 111.63 (15)
C6B—N2B—C7B 129.46 (15)
N3B—N2B—C6B 118.83 (16)
N2B—N3B—C9B 103.86 (17)
C3A—C4A—H4AA 120.00
C5A—CA4A—HAAA 120.00
C4A—C5A—H5AA 120.00
C6A—C5A—H5AA 120.00
C8A—CIA—HIAA 123.00
N3A—C9A—HIAA 123.00

Torsion angle

N2A-C7A-C8A-C10A
N4A-C7A-C8A-C10A

N4A-C7A-C8A-C9A
C10A-C8A-C9A-N3A
C7A-C8A-C10A-0O3A
C9A-C8A-C10A-O3A
C9A-CBA-C10A-0O4A
C7A-C8A-C10A-0O4A
C7A-C8A-COA-N3A
C6B-N2B-N3B-C9B
C7B-N2B-N3B-C9B
N3B-N2B-C6B-C1B
N3B-N2B-C6B-C5B
C7B-N2B-C6B-C1B
C7B-N2B-C6B-C5B
N3B-N2B-C7B-N4B
N3B-N2B-C7B-C8B

179.62 (18)
-2.5(3)

176.7 (2)
-179.8 (2)
0.9 (3)
-178.0 (2)
2.7 (3)
-178.41 (19)
1.1(2)
178.47 (17)
15 (2)
135.30 (19)
-42.0 (2)
-48.4 (3)
134.3 (2)
176.05 (19)
1.2 (2)

O1A—S1A—C3A—C2A 38.77 (19)

O1A—S1A—C3A—C4A -143.97 (16)
02A—S1A—C3A—C2A 169.34 (16)
02A—S1A—C3A—C4A -13.39 (18)
N1A—S1A—C3A—C2A -77.09 (19)
N1A—S1A—C3A—C4A 100.18 (18)
N1B—S1B—C3B—C2B -61.37 (17)
N1B—S1B—C3B—C4B 119.39 (16)
02B—S1B—C3B—C2B 53.62 (17)
01B—S1B—C3B—C2B -177.15 (15)
01B—S1B—C3B—C4B 3.60 (17)
02B—S1B—C3B—C4B -125.62 (15)
C10A-O4A-C11A-C12A -179.2 (2)
C11A-O4A-C10A-03A 5.4 (3)
C11A-O4A-C10A-C8A -175.26 (19)
N3A-N2A-C7TA-N4A  -177.11(19)
N3A-N2A-C7A-C8A  1.0(2)



C6B-N2B-C7B-N4B -0.5 (3) C6A-N2A-C7A-N4A -2.0 (3)
C6B-N2B-C7B-C8B -177.74 (18) C6A-N2A-C7A-C8A 176.14 (17)
N2B-N3B-C9B-C8B -1.3(2) C7A-N2A-N3A-C9A -0.3 (2)
C6B-C1B-C2B-C3B 0.6 (3) N3A-N2A-C6A-C1A 120.2 (2)
C2B-C1B-C6B-N2B -177.68 (16) N3A-N2A-C6A-C5A -58.0 (2)
C2B-C1B-C6B-C5B -0.4 (3) C7A-N2A-C6A-C1A -54.7 (3)
C1B-C2B-C3B-S1B -179.66 (14) C7A-N2A-C6A-C5A 127.2 (2)
C1B-C2B—C3B-C4B  -0.4(3) C6A-N2A-N3A-C9A -175.97 (17)
S1B-C3B—C4B-C5B 179.32 (14) N2A-N3A-C9A-C8A -0.5 (2)
C2B-C3B-C4B-C5B 0.1(3) C6A-C1A-C2A-C3A -0.1 (3)
C3B-C4B-C5B-C6B 0.1(3) C2A-C1A-C6A-N2A -176.59 (18)
C4B-C5B-C6B-N2B 177.41 (16) C2A-C1A-C6A-C5A 1.6 (3)
C4B-C5B-C6B-C1B 0.1(3) C1lA-C2A-C3A-C4A -1.1 (3)
N2B-C7B-C8B-C9B 0.4 (2) C1A-C2A-C3A-S1A 176.19 (16)
N2B-C7B-C8B-C10B  179.81 (18) C2A-C3A-C4A-C5A 0.7 (3)
N4B-C7B-C8B-C9B -176.6 (2) S1A-C3A-C4A-C5A -176.52 (14)
N4B-C7B-C8B-C10B 2.8 (3) C3A-C4A-C5A-C6A 0.8 (3)
C7B-C8B-C9B-N3B 0.6 (2) C11B-04B-C10B-03B 0.8 (3)
C10B-C8B-C9B-N3B  -178.8 (2) C11B-04B-C10B-C8B -177.37 (19)
C7B-C8B-C10B-03B  -2.0(3) C10B-04B-C11B-C12B 163.5 (2)
C7B-C8B-C10B-04B  176.15 (19) C4A-C5A-C6A-N2A 176.24 (16)
C9B-C8B-C10B-03B  177.2 (2) C4A-C5A-C6A-C1A -1.9 (3)
C9B-C8B-C10B-04B  -4.6 (3) N2A-C7A-C8A-C9A -1.2(2)
Table 5. Hydrogen-bond geometry (A, °) of compound 14.
D—H---A D—H H---A D---A
N1B—H4NB:---O3A  0.82 (2) 2.12 (2) 2.935 (2)
NIA—H4NA---O1B'  0.86 (3) 2.36 (3) 2.933 (3)
N1B—H3NB:--02B' 0.89 (2) 2.08 (2) 2.935 (2)
N4B—H2NB:--03B  0.83 (2) 2.30 (2) 2.931 (3)
N4A—H2NA:---O3A  0.88 (3) 2.28 (3) 2.917 (3)
N4B—HINB:---N3A  0.86 (2) 2.37(2) 3.173 (3)
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