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Abstract

A new series of tetrazole-, oxadiazole- and cyanosubstituted
1,4-dihydropyrimidinone compounds were synthesized, and
their inhibitory effects on the activity of purified human
carbonic anhydrase (hCA) | were evaluated. 4-Cyanophenyl-
1,4-dihydropyrimidinone compounds were prepared with
1,3-diketone, cyanobenzaldehyde and urea. The compounds
were reacted with sodium azide and then with anhydride
to get the final products. The results showed that all the
synthesized compounds inhibited the CA isoenzyme activity.
The compound 4-(1,7,7-trimethyl-2,5-dioxo-1,2,3,4,5,6,7,8-
octahydroquinazoline-4-yl)benzonitrile 6¢c (IC,, = 0.0547 mM)
has the most inhibitory effect.

Keywords: carbonic anhydrase, dihydropyrimidinone, enzyme
inhibitor, oxadiazole, tetrazole

Introduction

Carbonic anhydrases (CAs, EC 4.2.1.1) are widespread zinc
metalloenzymes that catalyse the reversible hydration of
carbon dioxide (CO,) to bicarbonate (HCO,~) and a proton
(H™") with water (Gilmour and Perrry 2009). CAs are ubiqui-
tous enzymes present in prokaryotes and eukaryotes, which
are encoded by four evolutionarily unrelated gen families
(a-, B-, v- and &-CAs) (Hen et al. 2011). Up to now, 16 human
CA (hCA) isoforms have been identified exhibiting signifi-
cant differences in catalytic activity, subcelluler localization
and tissues expression. They play important roles in many
of the physiological processes such as several cell prolifera-
tion, intra and extracellular pH homeostasis and differentia-
tion, modulation of neuronal transmission and biochemical
pathways (Gitto et al. 2012, Supuran 2011). In human, CAs
are found in a variety of tissues such as lungs, skins, eyes,
kidneys, the nerves systems and the gastrointestinal tract
(Supuran 2011). Biological activities of this metalloenzyme
family have several medicinal applications such as treatment

for glaucoma, diuretics, management of several neurological
disorders, whereas several agents are in clinical evaluations
as antiobesity or antidrug (Ekinci et al. 2012).

Nowadays, 1,4-dihydropyrimidinone (DHPM) com-
pounds have much attention due to their significant
biological activities. The compounds have various thera-
peutic and pharmacological properties such as calcium
channel modulators, antihypertensive agents, o, -adrenergic
receptor antagonists (Kappe 2000), antiviral, antitumour,
antibacterial and anti-inflammatory activities (Kappe
2000). The dihydropyrimidinone cores are also found in
many natural products and marine alkaloids, and have
been found to be potent HIV gp-120CD, inhibitors (Snider
et al. 1996).

The simple and direct method for the synthesis of
dihydropyrimidinones (DHPMs) first reported by Bigi-
nelli (1893) in 1893 was synthesized using an aldehyde, a
B-ketoester and urea (or thiourea) under strongly acidic
conditions, but the reaction suffered from backs such as
long reaction time and low yields. For this transformation,
several methods were improved such as using zirconium
hydrogen phosphate (Besoluk et al. 2010), alumina sul-
phuric acid (Besoluk et al. 2008) and heteropoly acids
(Rafiee and Jafari 2006).

Heterocyclic compounds, containing several nitrogen
atoms, are scaffolds that are frequently considered when
designing bioactive compounds (Sabbah et al. 2012).
Tetrazoles have a wide range of applications in medicinal
chemistry especially in drug in isosteric replacement of
carboxylic acid moiety (Patil et al. 2012, Herr 2002). The
tetrazole ring is found in well-known medicines such
as Diovan, Aprovel, Cozaar and Benicar used for the
treatment of cardiovascular diseases and hypertension
(Katritzky et al. 2010). The substituted derivatives of the
compounds have also been used in a wide range of appli-
cations in material sciences (Singh et al. 2006), antibiotics,
tuberculostatics, analgesics and fungicides (Ichikawa
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et al. 2001, Rajasekaran and Thampi 2004, Waisser
et al. 2004).

In this study, a new series of tetrazole-, oxadiazole- and
cyanosubstituted 1,4-dihydropyrimidinone compounds
were synthesized, and their inhibitory effects on the
activity of purified human carbonic anhydrase (hCA) Iwere
evaluated.

Materials and methods

Tetrazole-, oxadiazole- and cyanosubstituted 1,4-dihydro-
pyrimidinone compounds shown in Scheme 1 were syn-
thesized and examined the effects on carbonic anhydrase I.
4-Cyanophenyl-1,4-dihydropyrimidinone was prepared with
1,3-diketone, cyanobenzaldehyde and urea. The compound
was reacted with sodium azide and then with anhydride to
get the products (5-10) at high yields.

General

All starting materials and reagents were purchased from
commercial suppliers. Reactions were monitored by TLC
and TLC plates visualized with short-wave UV fluorescence
(k=254 nm). Melting points were taken on a Yanagimoto
micro-melting point apparatus and were uncorrected.
IR spectra were measured on a SHIMADZU Prestige-21
(200 VCE) spectrometer and 'H and 3C NMR spectra on
a spectrometer at VARIAN Infinity Plus 300 and at 75 Hz,
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respectively. 'H and '3C chemical shifts were referenced
to the internal deuterated solvent. The elemental analysis
was carried out with a Leco CHNS-932 instrument. Flash
column chromatography was performed using Merck silica
gel 60 (230-400 mesh ASTM).

Synthesis of 1,4-dihydropyrimidinone (5 or 6)

A mixture of 4-cyanobenzaldehyde (3 mmol), dimedone
or ethylasetoasetate (3 mmol), urea (4.5 mmol) and alu-
mina sulphuric acid (ASA) catalyst (7% mmol) in ethanol
were finely mixed together in a flask at room temperature
for two hours. After cooling at room temperature, the
reaction mixture was poured onto crushed ice (50 g) and
stirred for 10 min. The precipitate was filtered under suc-
tion and washed with cold water (20 ml) to remove excess
urea. Then, the solid was dissolved in ethanol, filtered to
remove the catalyst and purified further by recrystalliza-
tion (hot ethanol).

Synthesis of tetrazole-substituted 1,4-
dihydropyrimidinone (7 or 8)

The compounds (5 or 6) (5 mmol), sodium azide (20 mmol)
and ammonium chloride (20 mmol) in 5 ml DME were finely
mixed together in a flask at 150°C for 20 h. After cooling, the
reaction mixture was poured into iced cold water (200 ml)
and stirred. The pH was adjusted to 1.0 with HCI. Then, the
solid was filtered and dried.
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Scheme 1. Synthesis of tetrazole- and oxadiazole-substituted 1,4-dihydropyrimidinone derivatives.
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Synthesis of 1,3,4-okzadiazole-substituted 1,
4-dihydropyrimidinone (9 or 10)

The tetrazole derivative (1 mmol) in 2 ml of acetic anhydride
was heated at 150°C for 20 h. After cooling, the reaction
mixture was poured into iced cold water (100 ml) and
extracted with dichloromethane. Then, the solvent was
evaporated and adduct was crystallized from the mixture of
dichloromethane-hexane (1:1 ratio).

Ethyl 4-(4-cyanophenyl)-6-methyl-2-o0x0-1,2,3,4-
tetrahydropyrimidine-5-carboxylate(5): yield: 88%;
m.p.: 168-69°C; ! H NMR (DMSO-d,)(300 mHz): 9.35(H,s),
7.80(2H,d), 7.40(2H,d), 5.25(H,s), 3.95(2H,q), 2.25(3H,s),
and 1.10(3H,1); *CNMR (DMSO-d,)(75mHz): 164.8, 151.7,
149.9, 149.1, 132.8, 127.4, 188.6, 109.8, 98.9, 59.5, 53.3, 17.4,
and 13.4; and IR (v, cm™1): 3358, 3226, 3103, 2976, 2229.
Anal. Calcd. For C,;H .N,O,: C, 63; H, 5.30; and N, 14.73.
Found: C, 63.54; H, 5.72; and N, 14,21.

4-(7,7-dimethyl-2,5-dioxo-1,2,3,4,5,6,7,8-octahyd-
roquinazoline-4-yl)benzonitrile (6a): yield: 88%; m.p.:
258-60°C; 'H NMR (DMSO-d,)(300mHz): 9.61(H,s),
7.91(H,s), 7.82(2H,d), 7.40(2H,d), 5.21(H,s), 2.40(2H,d,d),
2.20(2H,d,d), 0.95(3H,s), and 1.01(3H,s); '3 CNMR(DMSO-d,))
(75mHz): 193.6, 185.7, 153.7, 152.3,133.1, 127.9, 118.6, 110.6,
110.0,103.4, 52.6, 32.9, 32.6, 29.3, and 27.5; and IR (v, cm ™ !):
3334, 3207, 3089, 2962, 2227, 1683, and 1614. Anal. Calcd. For
C,,H,, N,0,: C, 68.67; H, 6.44; and N, 14.13. Found: C, 68.14;
H, 5.78; and N, 14,45.

4-(1,3,7,7-tetramethyl-2,5-dioxo-1,2,3,4,5,6,7,8-
octahydroquinazoline-4-yl)benzonitrile (6b): yield:
88%; m.p. 169-70°C; 'H NMR (DMSO-d,)(300mHz):
7.62(2H,d), 7.42(2H,d), 5.44(H,s), 3.25(3H,s), 2.97(3H,s),
2.40(2H,d,d), 2.20(2H,d,d), and 1.10(3H,s), 1.00(3H,s);
I5CNMR(DMSO-d,)(75mHz):194.4, 153.3, 153.5, 146.8,
132.4, 127.5, 123.0, 118.7, 111.8, 110.1, 58.4, 49.9, 40.3, 35.4,
33.3, 31.0, and 28.9; and IR (v, cm ™ '): 2956, 2229, 1674, and
1604. Anal. Calcd. For C,;H,,N,0,: C, 70.13; H, 7.12; and N,
12.91. Found: C, 70.77; H, 7.58; and N, 13.51.

4-(1,7,7-trimethyl-2,5-dioxo-1,2,3,4,5,6,7,
8-octahydroquinazoline-4-yl)benzonitrile (6¢): yield:80%;
m.p.: 207-09°C; 'HNMR(DMSO-d,)(300mHz): 8,18(H,s),
7.80(2H,d), 7.40(2H,d), 5.22(H,s), 3.17(3H,s), 2.60(2H,d,d),
2.25(2H,d,d), 1.10(3H,s), and 0.98(3H,s); 3 CNMR(DMSO-
ds)(75mHZ):194.0, 155.3, 153.0, 150.0, 133.1, 127.7, 119.5,
110.6, 109.8, 60.4, 49.5, 32.8, 30.1, 29.7, and 28.4; and IR (v,
cm™!): 3244, 3132, 3061, 2225, 1693, and 1600. Anal. Calcd.
For C,;H,,N,0,: C, 69.21; H, 7.10; and N, 13.45. Found: C,
70.37; H, 7.48; and N, 13.21.

Ethyl 4-(4-(1H-tetrazole-5-yl)phenyl)-6-methyl-2-oxo-1,
2,3,4-tetrahydropyrimidine-5-carboxylate (7): yield:
90%; m.p. 251-52°C; 'H NMR (DMSO-d,)(300mHz):
9.35(H,s), 8.01(2H,d), 7.83(H,s), 7.51(H,d), 5.20(H,s),
4.01(2H,q), 2.25(3H,8), and 1.10(3H,t); *C NMR (DMSO-d,))
(300mHz): 165.1, 151.8, 148.8, 147.8, 127.2, 127.3, 98.5, 53.7,
17.7, and 13.9; and IR (v, cm ™ 1): 3217, 3088, 2914, 1697, and
1643. Anal. Calcd. For C,;H,;N,O,: C, 54.87; H, 4.91; and N,
25.60. Found: C, 55.33; H, 5.25; and N, 26.10.

4-(4-(1H-tetrazole-5-yl)phenyl)-7,7-dimethyl-3,4,7,
8-tetrahydroquinazoline-2,5(1H,6H)-dione (8): yield:
88%;m.p.:243-45°C;' HNMR(DMSO-d,)(300mHz):9.62(H, ),

8.00(2H,d), 7.85(H,s), 7.45(2H,d), 5.20(H,s), 2.80(2H,d,d),
2.42(2H,d,d), 1.10(3H,s), and 0.90(3Hs); BCNMR
(DMSO-d,)(75mHz):193.7, 153.4, 152.5, 148.3, 127.9, 127.8,
107.5, 92.6, 92.6, 52.6, 50.4, 33.2, 29.3, 28.3, and 27.4; and
IR (v, cm™1): 3406, 3244, 2954, 1678, 1647, and 1620. Anal.
Calcd. For C,,H, N,O,: C,59.99; H, 5.92; and N, 24.69. Found:
C, 60.33; H, 6.26; and N, 25.10.
1,3,7,7-tetramethyl-4-(4-(5-methyl-1,3,4-oxadiazole-
2-yl)phenyl)-3,4,7,8-tetrahydroquin azoline-2,5(1H,6H)-
dione (9): yield: 68%; m.p.: 178-79°C; 'HNMR(DMSO-d,)
(300mHz): 7.85(2H,d), 7.40(2H,d), 5.20(H,s), 3.30(3H,s),
2.85(3H,s), 2.40(2H,d,d), 2.20(2H,d,d), 1.10(3H,S), and
0.98(3H,s); '*CNMR(DMSO-d,))(75mHz): 198,9, 164.8, 165.2,
157.9, 150.2, 138.4, 128.6, 127.6, 105.6, 66.7, 50.8, 39.3,
34.1, 33.9, 31.5, 27.6, and 14.3; and IR (v, cm™!): 3334,
2978, 2229, 1697, and 1651. Anal. Calcd. For C,,H,,N,0O.: C,
66.30; H, 6.36; and N, 14.73. Found: C, 66.88; H, 6.56; and
N, 15.10.
1,7,7-trimethyl-4-(4-(5-phenyl-1,3,4-oxadiazole-2-yl
phenyl)-3,4,7,8-tetrahydroquinazoli ne-2,5- (1H,6H)-
dione(10):yield:67%;m.p.:276-77°C;'HNMR(CDCL, + DMSO-
d,)(300mHz): 8.10(2H,d), 8.00(2H,d), 7.90(H,s), 7.68 (2H,t),
7.60(H,1), 7.45(2H,d), 5.41(H,s), 3.20(3H,s), 2.60(2H,d,d),
2.40(2H,d,d), 1.10(3H,s), and 0.98(3H,s); 13C NMR(DMSO-d,)
(75mHz):199.2, 167.3, 156.8, 148.3, 142.9, 129.2, 128.6, 127.3,
127.9, 127.6, 126.7, 124.8, 105.9, 50.3, 48.6, 39.8, 33.5, 31.6,
and 27.5; IR (v, cm ™ '): 3319, 3062, 2956, 1685, and 1622. Anal.
Calcd. For C,.H, ,N,0.: C, 70.08; H, 5.65; and N, 13.08. Found:

25124 V4 3"
C,70.38; H, 6.06; and N, 13.48.

Preparation of haemolysate and purification

from blood red cells

Blood samples (25 mL) were taken from healthy human
volunteers. They were anticoagulated with acid-citrate-
dextrose, centrifuged at 2000 g for 20 min at 4°C, and the
supernatant was removed. The packed erythrocytes were
washed three times with 0.9% NaCl and then haemolysed
in cold water. The ghosts and any intact cells were removed
using centrifugation at 2000 g for 25 min at 4°C, and the pH
of the haemolysate was adjusted to 8.5 with solid Tris base.
The 25-mL haemolysate was applied to an affinity column
containing L-tyrosine-sulphonamide-Sepharose-4B (Arslan
et al. 1996) equilibrated with 25 mM Tris-HCI/0.1 M Na,SO,
(pH, 8.5). The affinity gel was washed with 50 mL of 25 mM
Tris-HCl/22 mM Na,SO, (pH, 8.5). The hCA I isozyme was
then eluted with 0.1 M NaCl/25 mM Na,HPO, (pH 6.3) and
recovered hCA I. Fractions of 3 mL were collected and their
absorbance measured at 280 nm.

CA enzyme assay

CA activity was measured using the Maren method based
on the determination of the time required for the pH to
decrease from 10.0 to 7.4 due to CO, hydration (Maren
1960). The assay solution was 0.5 M Na,CO,/0.1 M NaHCO,
(pH, 10.0), and phenol red was added as the pH indicator.
CO,-hydratase activity (enzyme units (EU)) was calculated
using the equation t-tc/tc where t, and tc are the times for
pH change of the nonenzymatic and the enzymatic reac-
tions, respectively.
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Table L. IC,, values of the synthesized compounds.

Compounds 5 6a 6b

6¢ 7 8 9 10

IC,, (mM) 0.1015 0.1004 0.1247

0.0547 0.1238 0.062 0.1473 0.0816

In vitro inhibition studies

For the inhibition studies of sulphonamide, different con-
centrations of these compounds were added to the enzyme.
Activity percentage values of CA for different concentrations
of each sulphonamide were determined by regression analy-
sis using Microsoft Office 2000 Excel. CA enzyme activity
without a synthesized compounds solution was accepted as
to be 100%.

Results and discussion

For evaluating the physiologically relevant human CA
isozymes hCA I activity, several new tetrazole-, oxadiaz-
ole- and cyanosubstituted 1,4-dihydropyrimidinone com-
pounds were subjected to CA inhibition assay with CO, as
a substrate.

The prepared compounds were characterized by 'H
NMR, 3C NMR, IR and elemental analysis. The amide
hydrogen resonances between 8.00 and 9.70 ppm and was
indicated from the 'H NMR spectra. The signals for aro-
matic hydrogen are between 7.40 and 8.50 ppm. The hydro-
gen next to the phenyl ring was observed at around 5.20
ppm. From the 13C NMR spectra, carbonyl carbons are seen
between 200 and 150 ppm. In the infrared spectra of com-
pounds, it was possible to observe the absorptions between
3250 and 3450 cm ™! relating to NH stretching and absorp-
tions in 1650-1750 cm™~! from carbonyl moiety stretching.
CN stretching was observed around 2220 cm ™~ L.

In this study, we have examined the effects of the com-
pounds (5-10) on hCA I. The results showed that all the syn-
thesized compounds inhibited the hCA I activity. The IC,
values of (5-10) analogues against hCA I are summarized
in Table I. It is determined that the inhibition values are in
between 0.0547 and 0.1473 mM for hCA I. Among the com-
pounds, 6¢ and 8 were found to be the most active for CAs
with the values of 0.0547 mM and 0.062 mM, respectively.

CA inhibitors lower intraocular pressure by reducing
bicarbonate formation in the ciliary process, thus lowering
Na* transport and flow of aqueous humour. Unfortunately,
systemic therapy with parenteral sulphonamides and
their derivatives leads to significant side effects, many of
them being probably due to the inhibition of CA isoforms
in other tissues. Acetazolamide is the most widely used
inhibitor and has advantages over the others because it
is 20 times less active against hCA I than against hCA II in
erythrocytes. But the inhibition of various CA isoforms that
are present in tissues other than eye leads to an entire range
of side effects, the most prominent being numbness and
tingling of extremities, metallic taste, depression, fatigue,
malaise, weight loss, decreased libido, gastrointestinal
irritation, metabolic acidosis, renal calculi and transient
myopia (Maren 1960, Arslan et al. 1997, Supuran and Scoz-
zafava 2000). For similar reasons, designing of new drugs is
essential for clinical application.

Sulphonamides and phenols represent classes of effec-
tive CAls, with the sulphonamides and their bioisoesterase
(sulphamates and sulphamides) having clinical applica-
tions. Sulphonamide compounds are coordinated to the
zinc (IT) ion within the hCAs active site, whereas its organic
scaffold fills the entire enzyme cavity, making an exten-
sive series of van der Waals and polar interactions with
amino acid residues at the bottom, in the middle and at the
entrance of the active site cavity (Maresca et al. 2010). The
other classes of CAls are the coumarins, and their inhibi-
tion mechanisms are different from those of the other CAls
due to their binding at the entrance of the enzyme active
site. Coumarins have bulky pendant group and cannot
bind enzyme effectively in the restricted space near Zn?*
ion. The compounds exhibit unusual binding mode not
interacting with the metal ion of the enzyme (Maresca et al.
2009, Maresca and Supuran 2010).

The slow cytosolic isoform hCA I was weakly inhibited
by the synthesized compounds (5-10). This is an extremely
desirable feature because hCA I is not a drug target, but an
off-target, being a widely expressed isoform in many tissues
and cell types and possessing house-keeping physiological
functions (Supuran 2008). We assume that the synthesized
compounds have similar interactions with enzyme as the
coumarins. They are big compounds to interfere with the
binding to the enzyme active site (zinc ion).

Enzyme activity studies are important issues for drug
design and biochemical applications (Aydemir and Kavrayan
2009, Arslan et al. 2012, Gencer et al. 2012, Cicek et al.
2012, Demir et al. 2012, Demirel and Tarhan 2004, Sayin
et al. 2012, Gokce et al. 2012, Bytyqi-Damoni et al. 2012,
Ozensoy et al. 2008, Supuran and Scozzafawa 2007). The
results showed that the synthesized compounds inhibited
the hCA I enzyme activity. The compounds have weak
inhibitory effects, and they may be taken for further evalua-
tion in vivo studies.
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