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Abstract

The synthesis, characterization and biological evaluation of novel pyrazole carboxamide derivatives (2-9) are
presented.'Hand *C NMR have been used for the structure description, possible tautomeric structures determination
and hydrogen bonding observation. FT-IR results have confirmed the synthesis of the pyrazole derivatives while
thermal gravimetric analysis has confirmed thermal stability up to 300°C. The melting temperatures are strongly
dependent on their crystal structure as_confirmed by differential scanning calorimetry and X-ray diffraction
measurements. Impacts of 2-9 as possible antiglaucoma agents were investigated on carbonic anhydrase | and Il
(CA-land ll) isozymes purified from human erythrocytesin vitro.Compounds 3 and 9 had the highest inhibitory effect

while compounds 6 and 8 showed the lowest inhibition.

Keywords: Pyrazole-3-carboxamide, antiglaucoma, inhibition effect, hydrogen bonding, tautomeric structures

Introduction

Human carbonic anhydrase (EC, 4.2.1.1.,,CA) is a metal-
loenzyme containing the Zn**ion associated with glau-
coma, a sight-threatening optic neuropathic disease'?.
Glaucoma is caused by the elevation of the intraocular
pressure which leads to the destruction of optic nerve
cells and the consequent deterioration of eyesight**. The
pressure arises partially from the production of carbond-
ioxides in the eye. The enzyme increasing carbondioxide
production is CA that catalyzes the reversible reaction of
the hydration of carbon dioxide and dehydration of bicar-
bonate: CO, + 2H,0 <> HCO; + H,0*>". The inhibition of
CA decreases sodium and aqueous humor secretion,
thus lowering intraocular pressure®. There are 16 distinct
CA isoenzymes, and among these enzymes, cytoplasmic
CA-I and CA-II are the mostly investigated ones®. These
isoenzymes can be obtained easily from red blood cells®.

Potent inhibitors of CA-II can be synthesized by hav-
ing key sulfonamide functionality, R-SO,NH,, on a suit-
able organicscaffold such asaheterocyclicstructure'®.
The sulfonamides gain their ionic structure easily. This
feature is extremely important for the inhibition effect
on the CA enzyme. Interactions of sulfonamides with
the enzyme start with the formation of and ionic bond
between the N atom of the R-SO,NH-compound and
the Zn*? in the active site of the CA enzyme. The bind-
ing process is completed via hydrophobic interactions
between the inhibitor and the enzyme. As a result of
these two effects, sulfonamides bind to CA enzyme
strongly'?. Through this process, the potent inhibitor
displaces the water/hydroxide ligand involved in car-
bondioxide hydration'®!®. Acetazolamide (AZA) (see
Figure 1), one the most powerful inhibitors of CA, is
used in the treatment of glaucoma. This drug is usually
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Figure 1. Chemical structures of 5-amino-1,3,4-thiadiazole-2-
sulfonamide, 4-aminobenzenesulfonamide and AZA.

administered orally and there are a lot of metabolic
side effects associated to it. In order to reduce the
side effects of acetazolamide, alternative sulfonamide
derivatives have been investigated'**.

This study was conducted in order to design, syn-
thesize, characterize and evaluate the biological
activity of 4-benzoyl-1-(3-nitrophenyl)-5-phenyl-N-(4-
sulfamoylphenyl)-1H-pyrazole-3-carboxamide (2) and
itsderivatives in order to extend our previousresearches
in synthesizing novel pyrazole derivatives'®'". In this
current attempt, our main aim has been to check
whether the new derivatives studied during the course
of the current work could show even stronger inhibition
effect on CA enzymes, with respect to the compounds
previously investigated by our group'®'”. Hence, we
want to contribute to the family of pyrazole derivatives
by depicting new synthetic routes having excellent
yield percentages. The synthesized molecules have
been characterized both structurally and thermally
by various techniques including NMR, FT-IR, X-ray
diffraction (XRD), differential scanning calorimetry
(DSC) and thermal gravimetric analysis (TGA). Since
CA inhibitors have potential for therapeutical and
pharmacological applications, the sulfonamide deriva-
tives in the current study have also been investigated in
terms of the activities of human erythrocyte CA-I and
CA-Il isozymes (Schemes 1 and 2).

Experimental

Chemicals

Deuterated dimethyl sulfoxide (DMSO-d,) with 99.98%
purity, ethyl benzoyl acetate, benzoyl acetone, CNBr-
activated Sepharose-4B, protein assay reagents and
chemicals for electrophoresis were purchased from
Aldrich. Acetyl acetone, 2-naphtol, sodium azide,
sodium nitrite, sodium acetate, para-aminobenzene
sulfonamide and L-tyrosine, and solvents such as pro-
panol, ethanol and tetrahydrofuran (THF) were pur-
chased from Merck, Germany. THF was freshly distilled
before use. Dibenzoyl methane and 4-aminobenzene
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sulphonamide were obtained from Fluka, Germany. All
reactions were monitored by analytical thin-layer chro-
matography (TLC) on 0.25-mm pre-coated Kieselgel
60F 254 plates (Merck); compounds were visualized by
Camag TLC devices UV (254 and 366 nm).

Characterization

All the compounds were dissolved in DMSO-d, for NMR
measurements. Both proton ('H) and carbon-13 (**C)
NMR experiments were performed on a JEOL 500 MHz
Lambda instrument with a multi-nuclei 5-mm solution
probe (50TH5/FG2). The proton spectra were internally
referenced to the signal of the solvent at 2.50 ppm. The
BC NMR spectra were acquired by cross-polarization
pulse sequence including proton decoupling. The *C
NMR spectra were again internally referenced to the
solvent signal at 39.5ppm. The FT-IR transmission
spectra of each compound were recorded on a Bruker
Optics, Vertex 70 FT-IR spectrometer. For each sample,
100 scans were taken at a resolution of 4cm™ with N,
exposure. The thermal decomposition temperatures
were measured with a Thermogravimetric analyzer. TGA
measurements were performed on a TGA 851 (Mettler-
Toledo, Greifensee, Switzerland) at a heating rate of 10°C.
min~ under a nitrogen purge of 30cm? min'. A Mettler
Toledo DSC 822 equipped with a cooling chamber was
operated while using liquid nitrogen as a purging and
cooling medium. All the compounds in the amount of
3-5mg were hermetically sealed in aluminum pans. DSC
experiments were performed in the temperature range
between —10 and 250°C with a 10°C. min™ ramp in order
to determine the melting temperature (T ) of the novel
pyrazole derivatives. Wide-angle XRD measurements
were made using a Bruker-AXS D8 diffractometer at 298
K using Cu Ko radiation (\=1.54184 A). The diffractome-
ter was operated at 40kV and 40 mA. Measurements were
made in the 20 range from 0 . =2°and 0 __ =35° in steps
of 0.05°. Elemental analyses were carried out on a Leco
CHNS-932 instrument.

Synthesis
4-benzoyl-1-(3-nitrophenyl)-5-phenyl-N-(4-sulfamoylphenyl)-
1H-pyrazole-3-carboxamide (2)

Compound 1 (0.431g, 1 mmol) was prepared starting
from the compound 4-benzoyl-1-(3-nitrophenyl)-5-
phenyl-1H-pyrazole-3-carboxylic acid as described in the
literature'® and was dissolved in 20mL dry THE 4-amin-
obenzenesulfonamide (0.344g, 2 mmol) was added to
this solution and the mixture was refluxed for 5h and sol-
vent was evaporated. The crude product was washed with
water and crystallized from 1-propanol. Yield: 92%; IR
(v em™): 3335 (NH), 3062 (Ar CH), 1694 and 1661 (C=0),
1591-1446 (Ar-C=C and C=N), 1349 and 1154 (S=0); 'H
NMR (500 MHz, DMSO-d,) 6 (ppm): 10.84 (s, 1H, CONH),
8.40 (s, 2H, SO,NH,), 8.29-7.26 (m, 18H, ArH); *C NMR
(500MHz, DMSO-d,) 6 (ppm): 190.68 (benzoyl C=0),
159.45 (amide C=0), 147.99 (:C—NOZ), 145.94, 144.01 and
120.15 (pyrazole C-3, C-5 and C-4), 141.36, 139.33, 139.14,
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137.62, 133.75, 132.19, 130.78, 129.95, 129.28, 128.89,
128.81, 127.34, 126.68, 123.69, 122.49, 121.07; Anal Calcd
forC, H N O S:C, 61.37; H, 3.73; N, 12.34; S, 5.65. Found:

2977217 576

C,61.17; H, 3.66; N, 12.37; S, 5.73.

1-(3-aminophenyl)-4-benzoyl-5-phenyl-N-(4-
sulfamoylphenyl)-1H-pyrazole-3-carboxamide (3)
Compound 3, which contains an aromatic amine group,
was prepared as described previously' and crystallized
from methanol. (See Scheme 1 indicating the synthesis of
2 and 3) Yield: 89%; IR (v cm™): 3354 (NH), 3062 (Ar CH),
1682 and 1660 (C=0), 1591-1448 (Ar-C=C and C=N),
1311 and 1154 (S=0); 'H NMR (500 MHz, DMSO-d,) 6
(ppm): 10.75 (s, 1H, CONH), 7.84 (s, 2H, SO,NH,), 5.39 (s,
2H, NH,), 7.83-6.44 (m, 18H, ArH); *C NMR (500 MHz,
DMSO-d,) 6 (ppm): 191.07 (benzoyl C=0), 159.80 (amide
C=0), 149.65 (:C-NHZ), 145.06, 143.48 and 120.06 (pyra-
zole C-3, C-5 and C-4), 141.53, 139.43, 138.99, 137.71,
133.63, 129.53, 129.51, 129.18, 128.84, 128.66, 128.02,
126.67, 121.68, 114.49, 113.46, 111.39; Anal Calcd for
C, H _N_OS:C,64.79; H, 4.31; N, 13.03; S, 5.96. Found: C,

2977237 574

64.51; H, 4.26; N, 13.18; S, 5.93.

Ph Cl

/ \ Ph
N H,N SO,NH
Ph N/ 2
I

A\
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O @\

General procedure for the syntheses of compounds 4-8
To prepare compounds 4-8, 2mL HCI were added to a
1 mmol solution of 3 in methanol and then this solution
was cooled to 0-5°C on an ice bath. A solution of NaNO,
(1.2 mmol) in 2mL water was slowly added to the former
solution without exceeding 5°C. After dissolving an aro-
matic or -dicarbonyl compound (1 mmol) in a sufficient
amount of ethanol, the solution was cooled and added
drop by drop into the already prepared diazonium salt
solution. The resulting colored precipitate was filtered
under vacuum and the crude product purified by crystal-
lization from an appropriate solvent (Scheme 2).

4-benzoyl-1-(3-((2-hydroxynaphthalen-1-yl) diazenyl)
phenyl)-5-phenyl-N-(4-sulfamoylphenyl)-1H-pyrazole-3-
carboxamide (4)

This compound (4) was synthesized from diazonium
solution of 3 (0.537g, 1 mmol) prepared according
to the general procedure and S-naphthol (0.144g, 1
mmol). The product was purified by crystallization from
acetic acid. Yield: 90%; IR (v cm™): 3324 (NH), 3060
and 3030 (Are CH), 1678 and 1660 (C=0), 1620-1449

Scheme 1. The synthesis of 2 and 3.
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Scheme 2. The synthesis of 4-9.
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(Ar-C=C and C=N), 1339 and 1151 (S=0); '"H NMR
(500 MHz, DMSO-d,) 6 (ppm): 15.58 (s, 1H, Ar-OH),
10.85 (s, 1H, CONH), 8.27 (s, 2H, SO,NH,), 7.94-6.85
(m, 24H, ArH); *C NMR (500 MHz, DMSO-d,) 6 (ppm):
190.84 (benzoyl C=0), 171.30 (=C-OH), 159.63 (amide
C=0), 145.62 (=C-N=N-), 145.27, 143.76 and 120.11
(pyrazole C-3, C-5 and C-4), 141.45, 141.31, 139.90,
139.08, 137.68, 133.70, 132.67, 130.71, 129.86, 129.82,
129.76, 129.56, 129.26, 129.22, 128.83, 128.11, 127.84,
126.68, 126.62, 124.54, 124.47, 122.35, 121.80, 119.66,
114.96; Anal Calcd for C, H, N O_S: C, 67.62; H, 4.07; N,

397728 6 5

12.13; S, 4.63. Found: C, 67.48; H, 4.06; N, 12.17; S, 4.71.

4-benzoyl-1-(3-((2-hydroxy-4-oxopent-2-en-3-yl) diazenyl)
phenyl)-5-phenyl-N-(4-sulfamoylphenyl)-1H-pyrazole-3-
carboxamide (5)

This compound (5) was synthesized from diazonium
solution of 3 (0.537g, 1 mmol) prepared according to
the general procedure and acetylacetone (0.102mL, 1
mmol). The product was purified by crystallization from
ethanol. Yield: 93%; IR (v cm™): 3333 and 3237 (NH),
3029 (Ar CH), 2971 (aliphatic CH), 1740 and 1658 (C=0),
1635-1461 (Ar-C=C and C=N), 1344 and 1158 (S=0); 'H
NMR (500 MHz, DMSO-d.) 6 (ppm): 13.75 (s, 1H, OH),
10.80 (s, 1H, CONH), 7.85 (s, 2H, SOZNHZ), 7.83-7.21 (m,
18H, ArH), 2.44 (s, 3H, COCH,), 2.28 (s, 3H, HO-C-CH.);
*C NMR (500 MHz, DMSO-d,) 6 (ppm): 197.36 (acetyl
C=0), 196.72 (HO-C-CH,), 190.84 (benzoyl C=0),
159.65 (amide C=0), 145.61 (=C-N=N-), 143.76,
142.71 and 120.10 (pyrazole C-3, C-5 and C-4), 141.46
(N-C=C-OH), 31.38 (HO-C-CH,), 26.62 (O=C-CH,),
139.71, 139.10, 137.66, 134.37, 133.70, 130.57, 129.75,
129.24, 128.83, 127.78, 126.70, 122.41, 122.22, 116.77,
113.54; Anal Calcd for C_,H, _N O S: C, 62.95; H, 4.35; N,

347728 6 6

12.96; S, 4.94. Found: C, 62.79; H, 4.28; N, 13.02; S, 4.99.

4-benzoyl-1-(3-(2-(1,3-dioxo-1,3-diphenylpropan-2-ylidene)
hydrazinyl)phenyl)-5-phenyl-N-(4-sulfamoylphenyl)-1H-
pyrazole-3-carboxamide (6)

This compound (6) was synthesized from diazonium
solution of 3 (0.537g, 1 mmol) prepared according to
the general procedure and dibenzoylmethane (0.224 g,
1 mmol). The product was purified by crystallization
from ethanol. Yield: 72%. IR (v cm™): 3427 and 3252
(NH), 3062 and 3027 (Ar CH), 1687 and 1669 (C=0),
1641-1447 (Ar-C=C and C=N), 1332 and 1158 (S=0);
'H NMR (500 MHz, DMSO-d,) 6 (ppm): 11.72 (s, 1H,
Ar-NH), 10.80 (s, 1H, CONH), 7.85 (s, 2H, SO,NH,),
7.96-6.99 (m, 28H, ArH); *C NMR (500 MHz, DMSO-
d)) 6 (ppm): 193.86, 190.75 and 190.66 (benzoyl C=0),
159.65 (amide C=0), 145.57 (=C-NH-N), 143.91,
143.72 and 120.11 (pyrazole C-3, C-5 and C-4), 143.61
(N=C-C=0), 141.46, 139.07, 137.61, 136.97, 136.01,
134.41, 133.70, 133.65, 133.27, 132.51, 130.26, 129.54,
129.28, 129.16, 128.77, 128.32, 127.61, 127.57, 126.69,
122.04, 120.27, 120.02, 115.35, 112.77; Anal Calcd for
C,H N OS:C,68.38; H, 4.17; N, 10.87; S, 4.15. Found:

4477327 6 "6

C, 68.23; H, 4.12; N, 10.89; S, 4.15.

© 2013 Informa UK, Ltd.
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4-benzoyl-1-(3-((3-hydroxy-1-oxo- 1-phenylbut-2-en-2-yl)
diazenyl)phenyl)-5-phenyl-N-(4-sulfamoylphenyl)-1H-
pyrazole-3-carboxamide (7)

This compound (7) was synthesized from diazonium
solution of 3 (0.537 g, 1 mmol) prepared according to the
general procedure and benzoylacetone (0.162 g, 1 mmol).
The product was purified by crystallization from ethanol.
Yield: 88%; IR (v cm™): 3271 (NH), 3063 (Ar CH), 2970 (ali-
phatic CH), 1661 (C=0), 1594-1449 (Ar-C=C and C=N),
1324 and 1158 (S=0); 'H NMR (500 MHz, DMSO-d,) 6
(ppm): 13.77 (s, 1H, OH), 11.95 (s, 1H, Ar—-NH-N=), 10.80
(s, 1H, CONH), 7.84 (s, 2H, SO,NH,), 7.82-7.05 (m, 23H,
ArH), 2.40 (s, 3H, COCH, ); *C NMR (500 MHz, DMSO-d,)
6 (ppm): 196.32 (acetyl C=0), 195.06 (HO-C-CH,), 190.80
and 190.68 (benzoyl C=0), 159.61 (amide C=0), 145.49
(=C-N=N-), 143.91, 143.58 and 120.04 (pyrazole C-3,
C-5 and C-4), 141.40 (N-C=C-OH), 30.31 (HO-C-CH,),
25.07 (O:C—C_H3), 139.78, 139.47, 139.01, 137.58, 135.54,
134.65, 133.63, 130.24, 130.19, 129.63, 129.24, 129.16,
128.85, 128.78, 128.02, 127.79, 126.63, 122.06, 120.01,
115.01, 112.14; Anal Calcd for C, ;H,,N,O,S: C, 65.90; H,
4.25; N, 11.82; S, 4.51. Found: C, 65.75; H, 4.18; N, 11.89;
S, 4.55.

Ethyl-2-(2-(3-(4-benzoyl-5-phenyl-3-(4-
sulfamoylphenylcarbamoyl)-1H-pyrazol-1-(phenyl)
hydrazono)-3-oxo-3-phenylpropanoate (8)

This compound (8) was synthesized from diazonium
solution of 3 (0.537g, 1 mmol) prepared according
to the general procedure and ethyl benzoylacetate
(0.174mL, 1 mmol). The product was purified by crys-
tallization from ethanol. Yield: 88%; IR (v cm™): 3273
(NH), 3060 (Ar CH), 2980 (aliphatic CH), 1655 (C=0),
1593-1447 (Ar-C=C and C=N), 1310 and 1154 (S=0);
'H NMR (500 MHz, DMSO-d,) 6 (ppm): 11.95 (s, 1H,
Ar-NH), 10.81 (s, 1H, CONH), 7.84 (s, 2H, SO,NH,),
7.83-6.90 (m, 23H, ArH), 4.31 (q, 2H, OCH,CH,), 1.24 (t,
3H, CH,); "CNMR (500 MHz, DMSO-d,) 6 (ppm): 190.82
and 189.09 (benzoyl C=0), 162.45 (ester C=0), 159.66
(amide C=0), 145.55 (=C-NH-N=), 143.67, 141.46 and
120.13 (pyrazole C-3, C-5 and C-4), 61.60 (OCH,CH,),
14.05 (CH3), 139.55, 139.07, 137.61, 137.10, 133.71,
132.75, 130.28, 129.98, 129.79, 129.57, 129.30, 129.18,
128.83, 128.75, 128.69, 126.70, 122.13, 122.04, 120.79,
120.05, 115.66, 112.88; Anal Calcd for C, H,,N.O.S: C,
64.85; H, 4.35; N, 11.34; S, 4.33 Found: C, 64.59; H, 4.31;
N, 11.43; S, 4.37.

1-(3-azidophenyl)-4-benzoyl-5-phenyl-N-(4-sulfamoylphenyl)-
1H-pyrazole-3-carboxamide (9)

Sodium azide (0.065g, 1 mmol) was dissolved in 2mL
distilled water and the solution was cooled to 0°C. Then,
it was added drop-wise under continuous stirring into
a diazonium salt solution of compound 3 (0.537g, 1
mmol), which had been prepared in accordance with
the general procedure. The pH was adjusted to 3-4 and
after the solution had spent 1 h at room temperature; the
resulting white precipitate was filtered under vacuum
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and dried. Yield: 87%; IR (v cm™): 3252 (NH), 3065 (Ar
CH), 2162 (N,), 1668 (C=0), 1594-1449 (Ar-C=C and
C=N), 1329 and 1158 (5=0); 'H NMR (500 MHz, DMSO-
d,) 6 (ppm): 10.79 (s, 1H, CONH), 7.85 (s, 2H, SO,NH,),
7.79-7.20 (m, 18H, ArH); *C NMR (500 MHz, DMSO-d,)
6 (ppm): 190.80 (benzoyl C=0), 159.59 (amide C=0),
145.51 (=C-N,), 143.80, 141.42 and 120.11 (pyrazole
C-3, C-5 and C-4), 140.56, 139.84, 139.07, 137.65, 133.69,
130.75, 129.85, 129.74, 129.24, 128.81, 127.69, 126.78,
126.68, 122.57, 122.18, 119.67, 116.95; Anal Calcd for
CH N7O4S: C, 61.80; H, 3.76; N, 17.40; S, 5.69 Found: C,

297721

61.68; H, 3.67; N, 17.45; S, 5.73.

Biological activity evaluation

Hemolysate preparation

Erythrocytes were purified from fresh human blood,
which was obtained from the University Hospital Blood
Center of Erzurum Atatiirk University. Following low-
speed centrifugation (1500 rpm for 15 min) and removal
of plasma and buffy coat, the red blood cells were iso-
lated, washed twice with 0.9% NaCl and hemolyzed with
1.5 volumes of ice-cold water. Ghost and intact cells were
then removed by high-speed centrifugation (20000 rpm
for 30 min.) at 4°C and the pH of the hemolysate adjusted
to 8.7 with solid Tris.

Purification of CA isozymes from human erythrocytes by
affinity chromatography

A sepharose-4B L-tyrosine affinity chromatography
column was prepared according to our previous stud-
ies'. The pH-adjusted human erythrocyte hemolysate
(70mL) was applied to the Sepharose 4B-L-tyrosine-sul-
fanylamide affinity column pre-equilibrated with 25-mM
Tris-HCI/0.1M Na, SO, (pH=8.7). The affinity gel was
washed with 25mM Tris-HCI/22mM Na,SO, (pH=8.7).
The human carbonic anhydrase isozymes (hCA-I and
hCA-II) were eluted with 1.0M NaCl/25mM Na,HPO,
(pH=6.3) and 0.1 M NaCH,CO0/0.5 M NaClO, (pH=5.6),
respectively. During purification procedures of hCA-I
and hCA-II, the absorbency at 280 nm was measured to
monitor protein elution by affinity chromatography. CO,-
hydratase activity was determined in eluted fractions and
the active fractions were collected®*?'.

Hydratase activity assay

CA activity was assayed by following the hydration of
CO, according to the method described by Wilbur and
Anderson®. CO,-Hydratase activity was calculated by
using the equation, (£t )/t, where £, and ¢_ are times for
pH change of the nonenzymatic and the enzymatic reac-
tions, respectively, and this was used to express enzyme
unit (EU).

Esterase activity assay

CA enzymes catalyze some non-physiological reactions
under in vitro conditions®. For instance, it was observed
that the purified enzyme has esterase activity under in
vitro conditions®.

Q CA
O,N 0-CCH; + H,0 ON OH + CH,COOH

Esterase activity of human erythrocyte CA was assayed
by following the change in absorbance at 348 nm of 4-ni-
trophenyl acetate to 4-nitrophenolate ion over a period
of 3min at 25°C using a spectrophotometer according to
the method described in the literature®.

Quantitative protein determination

Quantitative protein determination was done by mea-
suring the absorbance at 595nm according to Bradford,
using bovine serum albumin as a standard®..

SDS polyacrylamide gel electrophoresis

The control of enzyme purity, using Laemmli’s procedure,
was carried out in 3 and 8% acryl amide concentrations
for running and stacking gel, respectively. The hCA-I and
hCA-II isozyme samples were loaded into each slot of the
stacking gel (slab gel dimensions: 16 x 18 cm). A voltage of
80V was applied until the bromphenol blue reached the
running gel. Then the voltage was increased to 200V for
3-4h. The gel was stabilized in a solution containing 50%
propanol + 10% trichloroacetic acid (TCA) + 40% distilled
water for 30 min. The staining was performed for about 2h
in a solution of 0.1% Coomassie Brilliant Blue R-250+50%
methanol + 10% acetic acid. Finally, the washing was car-
ried out in a solution of 50% methanol + 10% acetic acid +
40% distilled water until the protein bands were cleared.

In vitro inhibition studies

CA activity was assayed in inhibition studies by following
the change in absorbance at 348 nm of 4-nitrophenylace-
tate (NPA) to 4-nitrophenylate ion over a period of 3 min at
25°C using a spectrophotometer according to the method
described by Verpoorte et al.” The enzymatic reaction, in
a total volume of 1 mL, contained 50 mM Tris-SO, buffer
(pH=7.4), 3mM 4-nitrophenylacetate and enzyme solu-
tion. A reference measurement was done by using the
same cuvette without enzyme solution. The inhibitory
effects of some synthesized sulfonamide derivatives on
CA enzyme activity purified from human erythrocyte
were tested on three samples at each concentration
used. CA activities were measured in the presence of dif-
ferent substrate concentrations. Control activity in the
absence of inhibitor was assumed to be 100%. For each
compound, a percent activity versus inhibitor concentra-
tion graph was plotted. K values of the compounds were
calculated by measuring enzyme activity at three differ-
ent inhibitor concentrations with five different substrate
concentrations. Lineweaver-Burk curves were used for
the determination of K, and inhibitor type*.

Results and discussion

Structural and vibrational characterization
Compound 2 was obtained by amidizing compound 1
with benzene sulfonamide having aryl group instead of
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reacting with thiadiazole sulfonamide including het-
eroaryl group (see Scheme 1). Then, compound 2 was
reacted with f-dicarbonyl derivatives, 3-naphtol and
sodium azide compounds to yield the new pyrazole
derivatives (see Scheme 2). The 'H NMR results depict
the successful synthesis of the molecules of interest. The
resonances between ~8.00ppm and ~6.40 ppm can be
assigned to aromatic protons'® (with the exception of the
aromatic peak at 8.29 ppm in the spectrum of 2 arising
from the protons next to the nitro group). Isotropic chem-
ical shifts of Ar-OH and NH appear as downfield shifts in
'"H NMR spectra. The peaks of Ar-OH and NH are used
to distinguish between possible tautomeric structures.
For instance, compound 5 is stable only in enol-azo form
since no peak belonging to Ar-NH is observed in "H NMR
spectrum. However, the spectrum of 7 has both Ar-NH
and C-OH resonances. This proves that derivative 7 exists
in both enol-azo and keto-azo forms. More interestingly,
quantitative NMR reveals that in the case of 7, the relative
intensities of C-OH and Ar-NH peaks are 1: 2.3. For this
reason, molecule 7 is predominantly stable in the keto
form as opposite to molecule 5 (see Figure 2).

This is attributed to the difference in their chemi-
cal structures. In addition, hydrogen bonding plays an
importantrole in the wide range of chemicals?. Hydrogen
bonding of different systems has been studied by 'H
NMR spectroscopy®*2. If a proton is involved in hydro-
gen bonding, its electrons are shared by two electronega-
tive elements. Thus, its electron density is decreased.
Ultimately, the proton is deshielded and exhibits reso-
nances at a lower field”. The extent of intermolecular
hydrogen bonding is affected by several factors such as
solvent and solution concentration. In a non-polar sol-
vent, the degree of hydrogen bonding increases as the
concentration of the solution is increased*. We observed
hydrogen bonding interaction as a slight down field
shift in the '"H NMR spectra of 6, 7 and 8 (see Supporting
Information Figure S1 showing the stack plot). A weaker
hydrogen bonding interaction is depicted in the spec-
trum of 7. This is explained by the tautomeric structure of
7.1In the literature, a down field shift of amide proton was
reported from 6.7 to 7.6 ppm (~0.9 ppm) corresponding
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to an increase of the concentration of solution in deu-
terochloroform?. The slight down field shift of 0.02 ppm
in our case is due to the polar solvent DMSO-d, decreas-
ing the strength of possible hydrogen bonding.

In addition to the analysis of '"H NMR spectra, *C
resonance assignments have also been carried out'®. The
peaks of OH-C-CH, and 0=C-CH, are observed around
~197.00 ppm while the peaks of Ph-C=0 and O=C-NH are
around 190.00 and 159.00 ppm, respectively. There are
two interesting peaks at 171.30 ppm corresponding to the
aromatic carbon HO-C belonging to 4 and at 162.45 ppm
corresponding to the peak O=C-O of 8. There are three
carbons located in the five-member ring having nitrogen
as well. The resonances of two (C-3 and C-5) of the three
carbons are between 148.00 and 141.40 ppm shifted down
field with respect to benzene carbons, consistent with
the values mentioned in the literature®. The occurrence
of hydrogen bonding in 6, 7 and 8 is also in accordance
with the observation of two O=C-NH resonances in *C
NMR spectra. Hydrogen bonding interaction deshields
the carbon, leading to two distinct resonances. In addi-
tion, the carbon peaks in the spectrum of 7 arising from
HO-C-CH, and 0=C-CH, confirm the existence of the
tautomeric structure of 7.

The FT-IR spectra of the compounds are assigned
referring to our previous reports and literature's'"%,
Considering the reactions and the final products (see
Schemes 1 and 2), one of the most important IR peaks
is the one corresponding to the S=O bond. There are
two peaks assigned to S=0; symmetric and asymmet-
ric stretching. The peak of asymmetric stretch of S=0O
appears at a higher wave-number around ~1330cm™
while symmetric stretch is around ~1155cm™. The
peaks at 2971, 2970 and 2980 cm™! arising in the spectra
of 5, 7 and 8, respectively are unique to aliphatic C-H
stretching®'. Both peaks corresponding to aliphatic C-H
stretching confirm the existence of side groups -CH,
and -CH,-CH, and differentiate the compounds 5, 7 and
8 from the rest of the derivatives. More interestingly'’,
the C-H stretching of aromatic groups indicates values
shifted to frequencies of ~3060 cm™. The peak appear-
ing only in the spectrum of 9 at 2162 cm™ is attributed

SO,NH,

Ph Ph N Ph
[ [\ |
N N N
Ph N Ph N Ph N
N @\ ZN @\ zN
N » R N R N R
g
H///, =
(6] CH; HO CH; @) CH;
Keto-Hydrazo Enol-Azo Keto-Azo
R=-CH, ,-Ph

Figure 2.
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to asymmetric stretching of -N,, the side group of 9*.
The IR data depict shifted downward wave-numbers
and broad bands of the N-H stretching for each com-
pound®. The broad band of N-H stretching shifted
downward attributed to intermolecular hydrogen
bonding***. The peaks for Ar-C=C and C=N appear as
aregion rather than a single peak, attributed to various
motions such as in plane vibration of C=N. Thus, the
FT-IR results confirm some of the NMR results, such as
the existence of unique functional groups of the com-
pounds, and provide an independent confirmation of
the successful synthesis of the compounds.

Thermal properties

DSC and XRD measurements were performed in order
to determine both the melting temperatures and their
correlations with possible crystalline structures of the
compounds. Prior to melting temperature determina-
tion by DSC, the thermal stability of all compounds was
investigated by TGA. All compounds were highly stable
at elevated temperatures. No weight loss was observed
up to 175°C in the nitrogen gaseous environment for all
compounds during the TGA measurements. Compounds
8 and 9 started to decompose at 250 and 175°C, respec-
tively, while the other compounds (2-7) were stable up to
300°C. The main degradation occurred between 300 and
600°C.

The synthesized compounds are in solid state and
show endothermic melting transitions in their DSC
thermograms above room temperature. The first heat-
ing scans (rates 10°C/min) were used for data analysis
since some compounds started to decompose above
250°C. The corresponding melting temperatures are
given in Supporting Information Table S1. Compounds
2-7 showed distinct endothermic melting peaks. The
compounds 8 and 9, on the other hand, have broad exo-
thermic peaks at elevated temperatures. Only one broad
exothermic transition around 200°C was observed, which
relates to the thermal curing reaction of compound 9. In
the case of compound 8, the exothermic thermal curing
starts at around 230+ 3°C and has a very weak and broad
endothermic melting peak at 123 +5°C. This indicates a
comparatively higher thermal reactivity of compounds
8and?9.

The origin of the endothermic peaks that can be an
indication of the crystalline nature of compounds can

be understood if we consider the relation between the
crystal structure and melting behaviour. Thus, in order to
investigate any superior ordering of all the compounds
at the molecular level, XRD powder measurements were
performed (see Supporting Information Figure S2). It
seems that the chemical nature of functional groups
attached to 4-benzoyl unit induce noticeable ordering
effect in compounds 2-7, which is obvious from the
appearance of DSC melting peaks and high order XRD
diffraction peaks. It is interesting that, for 5 and 7, the
peak position changes quite significantly, although their
structure is very similar. For instance, there is only one
phenyl unitand one CH, on 5 while 7 has two CH, groups
attached to the 4-benzoyl unit. We also compared their
XRD scans and observed that for compound 7 some of the
high order crystal peaks either disappeared (26 =18.65°)
or became weaker (20 =5.5 and 9.95°) in comparison to
5. Since two compounds (8 and 9) did not show any melt-
ing peak, their crystalline structures were also checked
by using XRD. The lack of melting peaks was attributed
to the presence of a large amorphous portion in com-
pounds 8 and 9 that have a broad amorphous peak at
20 =~20° (see Figure S2).

Biological activity evaluation

CA isozymes (CA-I and II) were purified from human
erythrocytes by sepharose-4B L-tyrosine affinity chro-
matography (see Supporting Information Table S2).
The purification results for CA-I depicted a 40.5% yield,
524.2 specific activity and 69.4 purification fold. Those
of CA-II were calculated as 43.6% yield, 5000 specific
activity and 662.25 purification fold. This indicates that
CA-II has a high specific activity and purification factor.
In addition, the purity of enzymes was controlled by
using SDS-PAGE. Purified enzymes show single bands
around 29 kDa.

Then, the effects of these novel pyrazole carboxam-
ide derivatives (2-9) on the esterase activity of purified
isozymes were investigated. All compounds showed
inhibitory effects on both CA-I and CA-II isozymes (see
Table 1), except compound 4. Compound 4 did not show
any significant inhibition effect.

The effect of melatonin on CA enzyme from human
erythrocytes and inhibitions of CA enzymes have been
investigated with sulfamide and sulfamic acid deriva-
tives®*. Our compounds indicate inhibitory effects

Table 1. K, values and inhibition types of chemicals on CA-I and CA-II.

CA-I CA-II

Compound K, (M) Inhibition. type K (M) Inhibition type

3 0.108 Noncompetitive 0.055 Noncompetitive
9 0.129 Noncompetitive 0.064 Noncompetitive
5 0.160 Noncompetitive 0.595 Noncompetitive
2 0.215 Noncompetitive 0.337 Noncompetitive
7 0.521 Noncompetitive 0.166 Noncompetitive
8 2.900 Noncompetitive 8.240 Noncompetitive
6 4.098 Noncompetitive 1.945 Noncompetitive

CA, carbonic anhydrase.
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on CA. For example, 3, 5 and 9 depicted higher inhibi-
tory effects than the other compounds on the activity
of CA-I. 3 was the most powerful inhibitor according
to the other compounds on the CA-I enzyme activ-
ity. 6 showed the weakest inhibition on the activity of
CA-1. However, 3, 7 and 9 were more effective than the
other compounds for CA-II enzyme activity. 8 was the
one with the weakest inhibitory effect on the activity
of CA-IL. In a similar study, Kasimogullar et al. (2009)
pyrazole carboxylic acid amides of 5-amino-1,3,4-thia-
diazole-2-sulfonamide 1 (inhibitor 1) were synthesized
and investigated in vitro inhibition effects of this com-
pounds on human CA-I and II isozymes'®. In another
study, some pyrazole carboxylic acid derivatives of
5-amino-1,3,4-thiadiazole-2-sulfonamide (inhibitor 1)
were synthesized from ethyl 3-(chlorocarbonyl)-1-
(3-nitrophenyl)-5-phenyl-1H-pyrazole-4-carboxylate
compound. The inhibition effects on hydratase and
esterase activities of human erythrocyte carbonic
anhydrase I and II isoenzymes of these compounds
were investigated in vitro'. The structure-activity
relationship can be drawn from the inhibition data.
For instance, 3 and 9 with the highest inhibition have
R moiety of small -NH, and -N, groups. This is consis-
tent with one of our previous works where the highest
inhibition was observed with the compound having-I
as the R moeity'®. However, the compounds with lower
inhibition such as 8 and 6 have bulky aromatic phenyl
groups. 8 and 6 also show hydrogen bonding abil-
ity which seems to lower the inhibition effect. 5 and
7 have lower inhibition with respect to 3 and 9, and
this is attributed to resonance structures of 5 and 7. In
other words, the resonance structures of the molecules
decrease the inhibitory effect. The obtained results of
these studies indicate that even small changes in the
nature of the R moiety cause large changes in inhibi-
tory activity. Also, as discussed in literature®, hydrogen
bonding ability and hydrophilic/hydrophobic nature of
the compounds may affect the inhibition behaviour.

It is known that the activity of enzymes is due to the
catalytic groups of the active sites. If a substrate inter-
acts with the active site of an enzyme, its 3-D structure
changes. In noncompetitive inhibition, inhibitors bond
to the enzyme, except for its active site. Therefore, a
noncompetitive inhibitor shows its inhibitory effect
by decreasing turnover rate or catalytic activity of the
enzyme (see Supporting Information Scheme S1).

The inhibition can be determined as a result of IC_,
and K, studies. If IC_ and K, values of an inhibitor are
smaller, its inhibition effect will be higher. So, it can be
concluded that compounds 3 and 9, having the smallest
K values on both isozymes, are the strongest inhibitors.
For the other compounds, there are sterical interac-
tions between the molecules and enzyme due to the
group, 2-imino-1,3 diaryl (dialkyl) propane- 1,3 dione,
bound to amino group. Therefore, these compounds
have bigger K. values and weaker inhibition effect on
the isoenzymes.

© 2013 Informa UK, Ltd.
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Conclusion

We have reported the synthesis, characterization and bio-
logical activity evaluation of novel pyrazole derivatives. 'H,
BCNMR, FT-IR spectroscopy, TGA, DSC and XRD analysis
results confirmed the successful synthesis of these com-
pounds. There are strong relationships between chemical
structures and properties of the compounds observed by
means of NMR, DSC and XRD measurements. 6-8 showed
hydrogen bonding interaction while 7 had also tautomeric
structure. Moreover, all of these compounds showed
inhibitory effects on the purified human CA isozymes.
Compounds 3 and 9 had the highest inhibitory effects on
both CA-I and CA-II isozymes. These current results show
that these compounds possess strong inhibitory effects on
CAs and may be used for the generation of antiglaucoma
potent carbonic anhydrase inhibitors (CAISs).
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