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Abstract. - OBJECTIVE: A series of ten novel
derivatives of 3-substituted-2-thioxoquinazolin-
4(3H)-ones have been synthesized from an-
thranilic acid via Mannich reaction with various
secondary amines in presence of formaldehyde
in ice cold condition.

MATERIALS AND METHODS: The structure
of these compounds have been elucidated by
spectral (FTIR, TH-NMR and mass) analysis. The
titled compounds were evaluated for antimicro-
bial and anticonvulsant activities. Antimicrobial
activities were determined by cup plate method
and MIC values using the micro dilution broth
method against two Gram positive bacteria
Staphylococcus aureus and Streptococcus aureus,
two Gram negative bacteria Escherichia coli and
Proteus vulgaris and against two fungi Candida
albicans and Aspergillus niger. Amikacin and flu-
conazole were used as standard antibacterial
and antifungal agents in the concentration of 10
pg/disc 20 pg/disc respectively.

RESULTS AND CONCLUSIONS: Amongst the
compounds tested, compound 2-(2,3-di-
methylphenyl) (3-(4-ethoxyphenyl)-4-oxo0-2-
thioxo-3,4-dihydroquinazolin-1-2H)-1ylmethyl
amino)benzoic acid (PTQ-03) and 2-((2,3-di-
methylphenyl)((3-(4-ethoxyphenyl)-4-oxo-2-
thioxo-3,4-dihydroquinazolin-1(2H)-
yl)methyl)amino)benzoic acid (ETQ-03) showed
broad spectrum of activity against all the tested
Gram positive bacteria, Gram negative bacteria
and the fungi. Anti-convulsant activity of the
compounds was evaluated by maximal electro
shock (MES) convulsion method. The com-
pounds sodium 2-(2-((2,6-Dichlorophenyl)(3-(4-
oxo-2-thioxo-3,4-dihydroquinazolin-1(2H)-
yl)methyl)amino) phenyl acetate (PTQ-04) and N-
(4-Hydroxyphenyl)-N-((3-naphthalen-2-yl)-4-oxo-
2-thioxo-3,4-dihydorquinazolin-1(2H)-yl-
methyl)acetamide (NTQ-01) showed potent anti-
convulsant activity.
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Introduction

Quinazoline and quinazolinone derivatives have
continued to attract a widespread interest for a
long time due to their diverse pharmacological ac-
tivities like anti-parkinsonism', anticonvulsant®?,
hypoglycemic*, anti-HIV®, antimicrobial®!!, anti-
cancer'>!? and analgesic'* activity. Literature sur-
vey revealed that the presence of substituted aro-
matic ring at position 3 and methyl or thiol group
at position 2 are essential for the anticonvulsant'>!¢
and antimicrobial activities!”. Based on this fact,
more than hundreds of 2-methyl-3-O-tolyl-4(3H)-
quinazolinone and its analogues have been synthe-
sized and tested for central nervous system depres-
sion and anticonvulsant activities'®2!. Hence, we
have undertaken the synthesis, characterization,
antimicrobial and anticonvulsant evaluation of
medicinally important and promising pharma-
cophore, 4(3H)-quinazolinone ring system for
our study.

Materials and Methods

Melting points were determined in open capil-
laries in the electrical melting point apparatus
and are uncorrected. Purity of the compounds
was checked on silica gel coated Merck-TLC
plates using water, chloroform, acetone and ben-
zene as mobile phase. The structure of the syn-
thesized compounds was elucidated by FT-IR
(Shizamadu-8400 series, Shizamadu Scientific
Instruments, Nakagyo-ku, Kyoto, Japan) in KBr
disc, 'H-NMR (Brucker AMX-400 MHz, Bruck-
er Biospin International, Ag, Aegeristrasse,
Switzerland) in dimethylsulfoxide-ds (DMSO-d)
and mass spectra using Jeol JMS-DX 303 double
focusing mass spectrophotometer (Jeol Ltd, Ak-
ishima, Tokyo, Japan). The agar medium and
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potato-dextrose agar (PDA) medium were pur-
chased from Hi-Media Laboratories Ltd., Mum-
bai, India.

Step-I: Synthesis of 3-substituted
Thioxoquinazolin-4(3H) One??%3

A mixture of carbon disulfide (30 mmoles)
and the appropriate aromatic amines (12
mmoles) was added drop wise to the refluxed
mixture of anthranilic acid (10 mmoles) and
potassium hydroxide (12 mmoles) in methanol
(10 ml). The mixture was heated under reflux for
3 h then the solid produced was filtered, washed
with methanol and dried. The solid was dissolved
in potassium hydroxide solution (10%, 10 ml),
filtered, and then concentrated hydrochloric acid
was added to the filtrate. The white precipitate
obtained was filtered, washed with water and
dried. The crude product obtained was recrys-
tallised from absolute alcohol.

Step II: Synthesis of Thioxoquinazolinone
Derivatives by Mannich Reaction

Various 3-substituted-2-thioxoquinazolin-4-
(3H) ones (0.08 mole) prepared in step 1 was dis-
solved in methanol in a beaker under ice cold
condition. Then 4-hydroxy acetanilide, 4-ethoxy
acetanilide, N (2, 3-xylyl) anthranilic acid, sodi-

Step I. Synthesis of 3-substituted-2-thioxoquinazolin-4-
(3H)ones.

coon

N/R
KoH
+ R-NH, + CS, ————»
2+ CS, CH,OH /K
Reflux for N
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NH, 3 hours 8

Coump code

PTQ

ETQ

R

um [O-(2,6-dichloro anilino) phenyl] acetate
(0.08 mole) was added separately in small quan-
tities with constant stirring. A measured quantity
of formaldehyde solution (0.08 mole) was added,
slowly with constant stirring for 4 h. The con-
tents of the beaker were kept over night in a
freezer. The crystallized product was filtered,
dried and recrystallized from methanol. Charac-
terization data of the synthesized compounds was
recorded in Table I.

Acute Toxicity Studies

Miller and Tainter** method was adopted for
the determination of LDy, value of the synthe-
sized compounds. Albino mice of either sex (20-
30 g) were used for this study. The animals were
divided into 15 groups of 6 mice each. The titled
compounds were injected intraperitoneally and
the mice were observed for 24 h for death due to
acute toxicity. LDs, values were found to be 200
mg/kg. The doses of the test compounds were
then fixed on the basis of their acute toxicity as
20 mg/kg for evaluation of anticonvulsant activi-
ty. The animal use protocol has been approved by
local Ethical Committee.

Drug Likeness Properties of
Synthesized Compounds®®

The log P values of the test compounds were
calculated by the methodology developed by
molinspiration software programme as a sum of
fragment based contribution and correction fac-
tor. Drug likeness is defined as a complex bal-
ance of various molecular properties and struc-
tural features, which determines whether the par-
ticular molecule is a drug or non-drug. These
properties are mainly hydrophobicity, electronic
distribution, hydrogen bonding characteristics,
molecular characteristics, molecular size, flexi-
bility and presence of various pharmacophoric
features which influences the behaviour of mole-
cule in a living organism including characteris-
tics such as transport, affinity to proteins, reactiv-
ity, toxicity, metabolic stability and many others.
The prediction of molecular and drug like prop-
erties was based on the description of “Rule of
5” and the details are recorded in Table II.

Antibacterial Activity

The newly synthesized compounds were
screened for their antibacterial activity against two
Gram positive bacteria viz. Staphylococcus
aureus, Streptococcus aureus and two Gram nega-
tive bacteria Escherichia coli and Proteus vulgaris



Thioxoquinazolinone derivatives and a study on their anticonvulsant and antimicrobial activities

Step Il. Synthesis of thioxoquinazolinone derivatives.
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Table Il. Drug likeness properties of the titled compounds.

nON nOHNH

Natoms nrotp

TPSA

logP

SMILES notation

Compd code

18
30
33

37.796
67.476
64.319
67.476
67.476
47.030
76.710
65.716
76.710
76.710
37.796
67.476
56.482
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3.936
4.605
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TPSA-Total polar surface area; nrotb-number of rotatable bonds; nON-number of H-bond acceptors; and nOHNH- number of H-bond donors.

by using cup plate method®. Discs measuring 6.25
mm in diameter were punched from Whatman
No.1 filter paper. The synthesized compounds
were dissolved in DMSO to get a final concentra-
tion of 1000 pg/mL, where 20 ug/disc of each
compound was used for the study. A reference
standard for both Gram positive and Gram nega-
tive bacteria was made by dissolving accurately
weighed quantity of amikacin (10 pg/disc) in DM-
SO. The incubation was carried out at 37 = 0.1°C
for 24 h. All the experiments were carried out in
triplicate. Simultaneously, controls were main-
tained by employing 0.1 mL of DMSO which did
not reveal any zone of inhibition. Zones of inhibi-
tion produced by each compound were measured
in mm and the results of antibacterial studies are
given in Table III.

Antifungal Activity

Antifungal activity of the titles compounds
were done using PDA medium by cup plate
method?” against Candida albicans and As-
pergillus niger. The synthesized compounds
were dissolved in DMSO to get a final concen-
tration of 1000 pg/mL, where 20 pg/disc of each
compound was used for the study. A reference
drug fluconazole (20 ug/mL) and DMSO as con-
trol was used for the study. The experiments
were performed in triplicate in order to minimize
the errors. Zone of inhibition produced by each
compound was measured in mm and the results
of antifungal studies are given in Table III.

Determination of MIC

MIC, which is the lowest concentration of a
compound that completely inhibits microbial
growth, was determined by a standard broth dilu-
tion technique®” adapted from the CLSI. For de-
termining MIC for both antibacterial and antifun-
gal activity, the synthesized compounds were dis-
solved in DMSO to get 100, 50, 25, 12.5, 6.25
upg/ml concentrations. Two Gram-positive bacte-
ria, Streptococcus aureus ATCC 10832, Staphy-
lococcus aureus ATCC 25923, 2 Gram-negative
bacteria Escherichia coli ATCC 25922, Proteus
vulgaris ATCC 13315 and 2 fungi and fungi
Candida albicans 10231 and Aspergillus niger
16404 were used for the study.

Bacterial cultures were obtained in Mueller-
Hinton broth (Difco) (Sifin Institute for Im-
munology Products and Culture Media, Berlin,
Germany) for all the bacterial strains after 24 h
of incubation at 37 = 0.1°C. The fungi were
propagated in Sabouraud dextrose broth (Difco)
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Table Ill. Antimicrobial evaluation of the titled Compounds.

Zone of inhibition in mm
Streptococcus  Staphylococcus  Escherichia  Proteus Candida  Aspergillus
Compound aureus aureus Coli vulgaris albicans niger
Control 00 00 00 00 00 00
Amikacin 19 14 15 14 - -
Fluconazole - - - - 14 14
PTQ-01 06 09 09 7 09 09
PTQ-02 08 08 07 08 08 07
PTQ-03 14 10 11 09 10 11
PTQ-04 11 06 08 05 06 08
ETQ-01 06 11 10 12 11 10
ETQ-02 07 07 08 11 07 08
ETQ-03 14 12 09 12 12 09
ETQ-04 12 10 08 08 10 08
NTQ-01 05 11 10 11 11 10
NTQ-02 07 08 09 07 08 09

*Control: Dimethylsulphoxide.

after incubation for 24 h at 25 + 0.1°C. Testing
was carried out in Mueller—Hinton broth and
Sabouraud dextrose broth at pH 7.4 for bacteria
and fungi, respectively. Test compounds were
dissolved in DMSO at an initial concentration of
100 pg/ml and then serially diluted in culture
medium to 6.25 pg/ml. A set of tubes containing
only inoculated broth was kept as control. An-
tibacterial activity was determined after incuba-
tion for 24 h at 37°C for bacteria and after incu-
bation for 48 h at 25°C for the fungi.

Evaluation of Anti-Convulsant Activity
Anti-convulsant activity was carried out by us-
ing maximal electro shock (MES) induced con-
vulsion method?. Albino mice of either sex (25-
30 g) were used for the study and divided into 11
groups of 6 mice each. They were given electri-
cal shock through corneal electrodes of 150 mA
for 0.2 sec by using electro convulsiometer.
Group I were treated with 0.5% v/v tween 80
suspension and served as a control. Group II
were treated with phenytoin (20 mg/kg) served as
standard. Group III-XI were treated with newly
synthesized PTQ-01, PTQ-02, PTQ-03, PTQ-04,
ETQ-01, ETQ-02, ETQ-03, NTQ-01 and NTQ-
02 compounds (20 mg/kg) respectively. After 30
min seizure induction onset time of tonic flexion,
extension and clonic phase were noted. The pro-
tective index was observed as reduction time of
tonic extensor phase and all the data was ob-
served as reduction time of tonic extensor phase.

The animal use protocol has been reviewed and
approved by the Institutional Ethical Committee.

Statistical Analysis

All the data were expressed as mean + SEM.
The statistical analysis was performed using Stu-
dents “s” test. A p-value of 0.05 was set as the
critical limit of significance.

Results

The synthetic route of thioxoquinazolinones
series was presented in the Scheme 1 and 2. The
prediction of molecular and drug like properties
was based on the description of “Rule of 57 giv-
en by Lipinski et al®. The rule states that most
“drug like” molecules have log P < 5, molecular
weight = 500, number of hydrogen bond accep-
tors = 10, number of hydrogen donors = 5. The
rule is called “Rule of 5 because the border val-
ues are 5, 5 x 100, 5 x 2 and 5. Based on the
above calculation, it was found that the com-
pounds PTQ-01, PTQ-02, ETQ-01 have drug-
likeness property.

The synthesized compounds were subjected
to antimicrobial screening by cup plate method
and broth dilution method. The compounds 2-
((2,3-dimethylphenyl)((4-ox0-3-phenyl-2-
thioxo-3,4-dihydroquinazolin-1(2H)-
yD)methyl)amino) benzoic acid (PTQ-03) and 2-
((2,3-dimethylphenyl)((3-(4-ethoxyphenyl)-4-
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oxo0-2-thioxo-3,4-dihydroquinazolin-1(2H)-yl)
methyl)amino)benzoic acid (ETQ-03) showed
broad spectrum of activity against all the tested
Gram positive bacteria, Gram negative bacteria
and the fungi. The compounds (PTQ-03 and
ETQ-03) showed significant activity against
Gram positive bacteria Staphylococcus aureus.

Minimum inhibitory concentration (MIC) values
of synthesized compounds against various organ-
isms are tabulated in Table IV. Titled compounds
were graded as highly active with MIC >6.25 to
12.5 pg/ml, moderately active with MIC value 25-
50 pg/ml, poorly active with MIC value 50-100 pg
/ml. The compound 2-((2,3-dimethylphenyl)((3-(4-
ethoxyphenyl)-4-oxo-2- thioxo-3,4-dihydroquina-
zolin-1(2H)-yl) methyl)amino) benzoic acid (ETQ-
03) was found to be highly active (6.25 pg/ml)
against all the tested microorganism, except Es-
cherichia coli and Aspergillus niger tested by broth
dilution method. The other compounds showed
moderate activity with MIC value is an range of >
25 to 100 pg/ml for both bacteria and fungi Sodium
2-(2-((2,6-dichlorophenyl)(4-ox0-3-phenyl-2-
thioxo-3,4-dihydroquinazolin-1(2H)-yl) methyl)
amino)phenyl)acetate (PTQ-04), N-(4-hydrox-
yphenyl)-N-((3-(naphthalene-2-yl)-4-oxo-2-thioxo-
3,4-dihydroquinazolin-1(2H)-yl)methyl)acetamide
(NTQ-01) and N-(4-ethoxyphenyl)-N-((3-naph-
thalen-2-yl)-4-oxo-2-thioxo-3,4-dihydroquinazolin-
1(2H)-yl) methyl)acetamide.

NTQ-02 showed significant anticonvulsant ac-
tivity and compound PTQ-01 showed moderate
activity, compared to that of standard drug,
phenytoin at a dose of 20 mg/kg. The anticonvul-
sant activity of the tested compounds could be

Table IV. Minimal Inhibition Concentration of titled compounds*.

arranged in descending order as follows: NTQ-01
> PTQ-04 > NTQ-02 > PTQ-01 > PTQ-02 >
NTQ-01 > ETQ-01 > PTQ-03 ETQ-03 > ETQ-02.

Discussion

A series of ten novel derivatives of 3-substitut-
ed-2-thioxoquinazolin-4(3H)-ones have been
synthesized from anthranilic acid via Mannich
reaction with various secondary amines in pres-
ence of formaldehyde. The structures of the syn-
thesized compounds were established through
spectroscopic (IR, TH-NMR and mass) data. The
IR spectra of PTQ, ETQ and NTQ showed the
presence of NH band (3309 cm!), C=0 band
(1660 cm™), C=S band (1170 cm™), while the 'H-
NMR spectra showed the signals aromatic pro-
tons and NH protons (proton signals that disap-
peared on deuterium exchange) for PTQ and
NTQ. ETQ showed signals for methyl and meth-
ylene protons. Disappearance of NH absorption
bands both in IR and '"H-NMR spectra confirms
that the substitution has taken place in N-1posi-
tion of the titled compounds. In addition to the
C=0 band (1660 cm™), C=S band (1170 cm™),
PTQ-01, ETQ-01 and NTQ-01 showed IR ab-
sorption bands for Ar-OH, PTQ-03 and ETQ-03
showed IR absorption bands for COOH, PTQ-04
and ETQ-04 showed IR absorption bands for C-
Cl. In addition to multiplet signals for Ar-H from
d 6.7 to 8.2, PTQ-01, ETQ-01 and NTQ-01
showed "H-NMR absorption singlet signals at d 2
for COCH; and d 5 for protons of Ar-OH. Simi-
larly the proton signals of the synthesized com-

Compound Streptococcus  Staphylococcus  Escherichia  Proteus Candida  Aspergillus
code aureus aureus Coli vulgaris albicans niger
Standard 6.25 6.25 6.25 6.25 6.25 6.25
PTQ-01 <100 25 25 50 25 25
PTQ-02 25 25 25 50 50 50
PTQ-03 6.25 12.5 12.5 25 12.5 12.5
PTQ-04 12.5 <100 25 <100 <100 25
ETQ-01 <100 12.5 12.5 6.25 6.25 12.5
ETQ-02 50 50 25 12.5 50 25
ETQ-03 6.25 6.25 25 6.25 6.25 25
ETQ-04 6.25 12.5 25 25 12.5 50
NTQ-01 <100 12.5 12.5 25 12.5 12.5
NTQ-02 50 25 25 50 25 25

*Average of three determinations: All the MIC values are in pg/ml.
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pounds were in correlation with the expected
structures. The mass spectrum of the titled com-
pounds exhibited the molecular ion peak (M+)
for their respective molecular weights.

The broad spectrum of activity of PTQ-03 and
ETQ-03 against all the tested Gram positive bac-
teria, Gram negative bacteria and the fungi may
be due to the aromatic carboxylic acid moiety.
The maximum activity against Gram positive
bacteria, Gram negative bacteria and fungi indi-
cated for ETQ-03 (MIC = 6.25 ug/ml) and ETQ-
03 (MIC = 12.5 pg/ml) suggests that the elec-
tron-withdrawing COOH group plays a crucial
role in enhancing the observed activity.

The newly synthesized compounds were
screened for their anticonvulsant activity by the
Maximal Electroshock (MES) induced seizures
method, wherein electroshocks were applied via
corneal electrodes using phenytoin as a reference
drug. MES test was adopted for the study as
compounds rendering protection in this test may
prove to be useful in treating generalized tonic-
clonic and complex partial seizures.

The compounds PTQ-01, PTQ-04 and NTQ-
01 showed significant (p < 0.05 and p < 0.001)
protection against MES-induced convulsion since
electron withdrawing group at different positions
of aryl ring are being substituted, which demon-
strates potent anticonvulsant activity (Table V).
This observation suggests that introduction of
COCH; group, 2°,4’-Cl group and COCH; group
in the respective structures produced superior an-
ticonvulsant activity. This is further evidenced by
optimum logP values (Table II) in PTQ-01, PTQ-
04 and NTQ-01 that ensured lipophilicity re-

Table V. Anticonvulsant evaluation of the titled compounds.

quired by the compounds. Although the drug lev-
els in cerebrospinal fluid (CSF) or in brain were
not measured, higher logP values for the potent
molecules suggest that there is a correlation be-
tween anticonvulsant activity and lipophilicity.

Conclusions

In this study, a new series of thioxoquina-
zolinones were synthesized and their anticon-
vulsant and antimicrobial activity was deter-
mined. Among the newly synthesized deriva-
tives compound 2-((2,3-dimethylphenyl)((3-(4-
ethoxyphenyl)-4-oxo0-2- thioxo-3,4-dihydro-
quinazolin-1(2H)-yl) methyl)amino) benzoic
acid (ETQ-03) and compound 2-(2,3-di-
methylphenyl)(3-(4-ethoxyphenyl)-4-oxo0-2-
thioxo-3,4-dihydroquinazolin-1-2H)-1ylmethyl
amino)benzoic acid (PTQ-03) displayed promis-
ing antimicrobial activity. Compound PTQ-04,
sodium 2-(2-((2,6-dichlorophenyl)(3-(4-ox0-2-
thioxo-3,4-dihydroquinazolin-1(2H)-yl)methyl)
amino)phenyl acetate displayed promising anti-
convulsant activity.
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