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Abstract:    Cyclooxygenases (EC 1.14.99.1) is enzyme family that produces inflammatory prostaglandins, also known 

as prostaglandin H synthase (PGHS) or prostaglandin-endoperoxide synthase, is expressed in several tissues. COX activity 

has been detected in both brain and kidney of mice and bovine kidney (that showed the highest activity). Optimum 

biochemical properties of enzyme activity including incubation time, enzyme and substrate concentrations and pH were 

determined. Kinetic parameters of COX activity were indicated that the Vmax and Km values were of 66.66 µmole/min and 

125.73 µM
-1

, respectively. COX has been purified from bovine kidney by detergent solubilization, (NH4)2SO4 

precipitation, dialysis and ion exchange chromatography on DEAE-sepharose. Three isoforms were obtained (coxI, coxII 

and coxIII) that showed specific activities of 592.27, 1323.3 and 1825 U/mg protein and 0.72, 1.6 and 2.2 folds purification 

over the crude homogenate, respectively. The purified enzyme exhibited a single protein band on Coomassie Brilliant Blue 

stained SDS-PAGE gel corresponding a molecular weight 70 KDa. 
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Introduction: 

      Considering that most health conditions involve 

some levels of pain, it only makes sense to decipher the 

mechanism behind this feeling and find a means to 

alleviate it (Almada, 2000). These pains describe a 

complicated physiological process in the biological 

systems. Inflammation -pain potency- is a biological 

defense and repair mechanism of the innate immune 

system to protect against harmful stimuli, such as 

pathogens, damaged cells and tissues, toxic chemicals 

and irritants and thermal and mechanical stress 

(Jangbauer and Medjakovic, 2012). Inflammation and 

the balance between an inflammatory state and a normal 

one, anti-inflammatory cytokines, such as interleukins 

(IL-4, IL-10, IL-13), interferon- α (IFN-α), and 

transforming growth factor (TGF), that released by 

macrophages, could be controlled (Kanji et al., 2011). 

The transcription factor nuclear factor-kappa B ((NF)-

kB) regulates the expression of various genes encoding 

pro-inflammatory cytokines, adhesion molecules, 

chemokines, growth factors,  chemoattractants, such as 

monocytes chemoattractant protein 1 (MCP-1), 

cyclooxygenase-2 (COX-2), and inducible nitric oxide 

synthase  (iNOS) (Jangbauer  and Medjakovic, 2012). 

Prostaglandins (PGs) play myriad roles as local 

mediators of inflammation and as modulators of 

physiologic functions, such as maintenance of gastric 

mucosal integrity, modulation of renal microvascular 

hemodynamics, renin release, and tubular salt and water 

reabsorption (Needleman et al., 1986). Although COX-2 

is not expressed in the normal gastric mucosa, there has 

now been definitive indication for localized and 

regulated COX-2 expression in the mammalian kidney. 

The enigma concerning renal prostanoid physiology has 

been resolved by the identification the distribution 

pattern of COX-2 in the kidney (Harris et al., 1994). 

PGs are also now recognized as mediators of 

inflammatory reactions in neural tissue and more 

recently of brain function. Constitutive COX-2 

immunoreactivity and COX-2 mRNA expression have 

been detected in neurons and especially in the forebrain 

(Yamagata et al., 1993). The present study aims to 

purify and determine the kinetic properties of an 

inflammatory prostaglandin-producing enzyme (COX) 

that paves the way for future more inhibitory studies.    

Material and methods: 

Materials:  

Bovine kidney was purchased from slaughter house of 

Tanta University, mice’s brain and kidney were supplied 

from animal house under the ethical committee of 

Faculty of Science of Tanta University, Arachidonic acid 
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was purchased from Cayaman chemical co., N,N,N',N'-

tetramethyl-p-phenylenediamine (TMPD) and Tween 40 

were purchased from Acros organics co., Hematin and 

DEAE-sepharose were purchased from Sigma chemicals 

co., All of the chemicals were of high grade. 

Methods: 

Preparation of crude homogenates from tissues of 

interest 

    Preparation of 20% crude homogenate of mice kidney 

and brain and bovine kidney in 0.1 M Tris-HCl buffer 

pH8.0 was carried on in a blender at full speed at room 

temperature for 5 min. After centrifugation at 10.000 x g 

at 4°C for 15 min, the microsomal pellet and Tween 40 

(2:1) (v/v) were suspended in the same buffer containing 

1mM EDTA. The suspension was subjected to 

centrifugation for 1 h at 60.000 x g at 4°C and the 

supernatant was assayed for enzyme activity (Madhava 

et al, 2000). 

Screening of COXs activity 

   The enzyme activity was assayed colorimetrically by 

monitoring the appearance of oxidized N,N,N',N'-

tetramethyl-p-phenylenediamine (TMPD) at 600 nm 

(Copeland et al., (1994) ; Petrovic and Murray, 2010). 

The assay mixture contained Tris-HCl buffer (0.1 M, pH 

8), Hematin (60 µM), EDTA (3 µM) and enzyme (10% 

of total volume). The mixture was incubated for 10 

minutes at 25 °C and then, the reaction was initiated by 

the addition of arachidonic acid (200 µM) and TMPD 

(3.3 mM) in a total volume of 1 ml. The blank was 

assembled by subjecting inactive enzyme (boiled 

fractions) instead of active one. The activity calculated 

from the following equation: 

Activity = 
ΔA600/ 10 min 

x 
Assay volume 

÷ 2 = U/ml 
0.00826µM-1   Enzyme volume 

Protein Determination 

    Protein concentration was determined either by 

measuring the absorbance at 280 nm (Warburg and 

Christian, 1941) or according to the protein dye-binding 

Bradford assay (Bradford, 1976) using bovine serum 

albumin (BSA) as a standard. 

Purification of Cyclooxygenase 

    All steps were performed under cold condition in a 0.1 

M Tris-HCl pH 8.0 (Hemler and Lands, 1976). 

Ammonium sulphate precipitation of 20% crude 

homogenate was performed gradually by 25% then 54% 

ammonium sulphate saturation. Powdered (NH4)2SO4 

was added gradually with stirring to the crude 

homogenate till reach 25% saturation. Subsequently, the 

homogenate was centrifuged at 24000 x g for 20 min. 

The supernatant was carefully decanted and the pellet 

was resuspended in 20 ml of Tris-HCl (0.1M, pH 8.0) 

and recentrifuged. Combined supernatants were brought 

to 54% saturation by drop wise addition of saturated 

ammonium sulfate solution in the same buffer. The 

suspension was centrifuged at 24000 x g for 30 min, the 

supernatant was removed and the pellet was saved for 

desalting by dialysis. 

Dialysis was performed to remove the excess of 

ammonium sulphate bound to protein. The sample was 

dialyzed overnight against Tris-HCl (0.1M, pH 8.0) in a 

dialysis bag with a molecular weight cut-off (MW CO) 

diameter of 12000 Daltons. The buffer was exchanged 

several times to ensure that the pellet became free of 

ions. Thereafter, the dialyzed pellet was centrifuged at 

6000 x g and the filtrate was kept for further 

chromatographic purification techniques. 

DEAE- sepharose column chromatography of desalted 

protein fraction (2 ml) that was applied to anionic 

exchange of DEAE-sepharose (7 x 2 cm i.d. column) that 

was previously equilibrated with Tris-HCl buffer (0.05 

M, pH 8.0). Elution was carried out with Tris-HCl buffer 

(0.05 M, pH 8.0) followed by a gradient of NaCl (0.1-0.5 

M) in the same buffer and fractions were collected (3 ml 

/ 5 min). The absorbance of every tube was measured at 

280 nm and the enzyme assay was carried out in protein-

containing tubes.  

SDS Polyacrlamide Gel Electrophoresis under 

denaturing conditions, SDS-PAGE was performed on 10 

% (w/v) acrylamide slab gel according to the basic 

approach of (Laemmli,  1970 ; Goswami et al., 2003) 

using a Tris-glycine buffer pH 8.3. The slab gel was 

carried out using CLEVER SCIENTIFIC Omni PAGE 

Mini System at 100 V per slap gel. Samples of 20 µl 

containing 8 µg proteins were applied to the wells of 

stacking gel. Electrophoresis was carried out until the 

bromophenol blue marker reached the bottom of the gel. 

Subsequently, the gel was subjected to coomassie 

staining for overnight then soaked in destaining solution 

for overnight with shaking until the bands were properly 

seen. The approximate molecular weight of the 

visualized protein bands was determined by comparing 

them with the molecular weight ladder (protein marker). 

Kinetic Studies of Cyclooxygenase 

The effect of time, enzyme concentration, substrate 

concentration and different pH values of reaction on 

COXs catalytic activity was tested. 

Effect of time: Enzyme assay – as previously described - 

was carried out at different time points ranging from 5 to 

40 min. 

Effect of enzyme concentration: Enzyme assay was 

carried out using different enzyme concentrations 0.41, 

0.82, 1.23, 1.64 and 2µg/ml. 

Effect of substrate (Arachidonic acid) concentration: 

The effect of substrate concentrations in the range 50 to 

500 µM were on enzyme activity was investigated. 

Michael's constant (Km value): The kinetic parameter, 

Km, indicates the affinity of cyclooxygenase towards its 

substrate, Arachidonic acid. It was determined using the 

Lineweaver–Burk reciprocal plot graphic method.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrovic%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20072914
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Optimum pH: Different buffer systems of pH values 
between 3.8 and 11 were assembled to detect the 
optimum pH of the enzyme. 

Results and discussion: 
    Cyclooxygenase, a key enzyme involved in the 
biosynthesis of prostaglandin (smith et al., 1996). It 
plays an important role in inflammation and variety of 
other disorders (Cummings et al., 1977). With the 
discovery of inducible form of cyclooxygenase, COX-2 
(Xie et al, 1991), it has been postulated that PGs, which 
contribute to inflammatory process, are derived 
exclusively from COX-2, on the other hand, many of the 
"house-keeping" effects of COX appear to be mediated 
by COX-I (Madhava et al., 2000). 
     In the present study, we evaluated the expression of 
cyclooxygenase in different tissues isolated from 
different animals (Table 1). The results showed that the 
screened activity of the mice kidney (40.78 U/ml) was 
higher than that of mice brain (24.8 U/ml). 
Comparatively, the activity of bovine kidney COX, was 
the highest (54.14 U/ml) in the crude homogenate with a 
specific activity of (826.95 U/mg protein). Rome and 
Lands showed that COX has been expressed in sheep 
seminal vesicles with a 60-fold purification following 
solubilization; however bovine seminal vesicle showed 
only 10-fold purification after solubilization (Miyamoto 
et al., 1974). On the other hands, COX expression in the 
kidneys of rabbits exhibited a specific activity of 
3.12x10

-3
 µmole/min/mg protein (Wu Yu Sheng et al., 

1982)  
   COX purification has been improved by starting with 
ammonium sulphate precipitation that helped to 
concentrate the crude homogenate before introducing to 
dialysis. The dialyzed materials were applied to a DEAE-
sepharose column that resolved the enzyme into three 
different isoforms designated as coxI, coxII and coxIII 
(Fig 1). Quantitative comparisons of the enzyme activity 
at different stages of purification are shown in (Table 2). 
Closely related purified isoforms, coxI, coxII and coxIII, 
showed different percentage of recovery as 13.4, 11.2 
and 10.3 with increasing in specific activities as 592.27, 
1323.3 and 1825 U/mg protein, respectively. Other study 
showed that the highest enzyme activity had been 
detected in seminal vesicles with a specific activity of 
(11600 U/mg protein) in the DEAE-cellulose eluant that 
also represented 10% recovery from the crude 
homogenate (Hemler and Lands, 1976).      
SDS-polyacrylamide gel electrophoresis was performed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

on enzyme   fractions –   considered     three     different 
isoforms – after DEAE-sepharose chromatography, for 
each fraction, a single band appeared within a range of 
68 – 70 KDa (Fig 2), while a single band of 72 KDa was 
reported in the case of UV induced human COX-2 
(Zhang et al., 2006). Likewise, recombinant human 
COX-1 and COX-2 assumed a molecular mass of 70 
KDa (Vezaa et al., 1996). 
    Enzyme assay was carried out repeatedly at different 
conditions to determine the optimum ones. In this 
context, when different time periods were applied in the 
enzyme assay, it showed that activity increased from 
zero time till it reached its maximum after 20 min. 
beyond this, the enzyme activity remained constant as 
time increases (Fig 3). Different enzyme (COX) and 
substrate (arachidonic acid) concentrations under other 
stable assay conditions showed increasing enzyme 
activity directly (Fig 4 and 5, respectively). The affinity 
of COX towards arachidonic acid (Michaelis-Menten 
constant (Km)) was determined and showed a value of 
125.73 µM. The linear nature of Line weaver-Burk plots 
Shows that the maximum reaction velocity (Vmax) value 
is 66.66 µmole product/minute/ml (Fig 6) (Lineweaver 
and Burk, 1934). Sheng and his colleagues indicated 
that the Km value for the enzymatic conversion of 
arachidonate to PGE2 in rabbit's kidney was 10-20 µM 
with a Vmax of 3.44x10

-3
 µmole/mg protein/min that 

determined at 80µM arachidonic acid. Optimum pH was 
identified by assaying the enzyme activity over a wide 
range of pH. The highest activity was recorded by Tris-
HCl buffer, pH 8.0 (Fig 7). However, in a previous study 
the highest activity of COX was reported in 0.1 M 
phosphate buffer, pH 7.8 (Riengold, 1981). 

Conclusion: 
Three different isozymes of cyclooxygenase COXI, 
COXII and COXIII with a molecular weight of 70 KDa, 
were observed in purification folds from DEAE-
sepharose column chromatography with 0.72, 1.6 and 2.2 
fold purification over the crude one, respectively.  Km 
value of 125.73 µM and Vmax value of 66.66 µmole 
product/minute/ml were determined.  

Table (1): COXs activity in different organs of 
different animals. 

Activity (U/ml) Animal/ Organ 

24.8 Mice brain 
40.78 Mice kidney 
54.14 Bovine kidney 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2): Purification table of bovine kidney COXs. Steps followed as 25% then 54% Amm. Sulphate precipitation; dialysis 

and column chromatography on DEAE-sepharose with gradient NaCl buffers. 

Step 
Total protein 

 (µg) 
Total activity 

(Units) 
Specific activity 
(U/mg protein) 

Recovery 
(%) 

Fold 
purification 

Crude homogenate (20%) 1028.8 850 826.85 100 1 
(NH4)2SO4 precipitation: 

25 % fold 
54 % fold 
Combined folds 

 
201.6 
253.4 

454.86 

 
225.44 
174.7 

410.94 

 
1118.25 
689.42 
903.44 

 
26.52 
20.55 
48.34 

 
1.35 
0.83 
1.1 

Dialysis of combined folds 391.2 257.55 658.35 30.3 0.8 
DEAE Sepharose: 

coxI (0.0 M NaCl) 
coxII (0.1 M NaCl) 
coxIII (0.2 M NaCl) 

 
192.48 

72 
48 

 
114 

95.28 
87.6 

 
592.27 
1323.3 
1825 

 
13.4 
11.2 
10.3 

 
0.72 
1.6 
2.2 

 



Raef S. Shams                                          Purification and kinetic studies of bovine kidney cyclooxygenases (COXs) 

 

81 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (1): Elution profile of bovine kidney COXs through DEAE-sepharose column (7x2 cm) equilibrated with 0.05M Tris-HCl 

buffer pH 8.0 with flow rate 3 ml/5 min. 
 

 
 

Figure (2): SDS-PAGE of purified bovine kidney COXs 

fractions on 10% acrylamid gel at 100 V per 

slap showing three different isozymes of 

nearby molecular weights. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Effect of time on bovine kidney COXs activity 

showing increasing in activity by the time till 

reaction reach maximum. 

 

 

  

 

 

 

 

 

 

 

Figure (5): Effect of substrate concentration on bovine 

kidney COXs activity showing increasing 

activity by increasing substrate that shows 

slightly stability. 
 

 

 

 

 

 

 

 

 

Figure (6): Linweaver-Burk plot of COXs reaction velocity 

to Arachidonic acid concentration. 
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Figure (4): Effect of enzyme concentration on bovine 

kidney COXs activity showing increasing 

activity by increasing enzyme concentration. 
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Figure (7): Effect of different buffers with different pH on 

bovine kidney COXs activity that shows 

optimum pH in TRIS-HCl system. 
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 انًهخض :

( و هً 1.14.99.1رقىو انؼذَذ يٍ األَغدخ ثزكىٍَ إَضًَبد انغُكهىأوكغدُُض راد انشقى انزظُُفً )    

انًغئىنخ ػٍ رخهُق يشكجبد انجشوعزبخالَذٍَ انًغججخ نإلنزهبثبد. و ثًؼبَُخ َشبط اإلَضَى فً كاًل يٍ خالَب 

الَب كالوي األثقبس هً األػهً َشبطًب. كًب قذ انًخ و انكالوي نفئشاٌ انزدبسة و خالَب كالوي األثقبس و خذ أٌ خ

رى دساعخ انخىاص انكًُُبئُخ و انسشكُخ نإلَضَى ػٍ طشَق دساعخ رأثُش يؼبيم انىقذ و رشكُض كاًل يٍ اإلَضَى 

يُكشو  125.73ثقًُخ  Kmكًب رى رؼٍُُ ثبثذ يُكبَهُظ و يُُزٍُ و انشكُضح و يغ ثجىد انؼىايم األخشي. 

يىل نزش
-1

 66.66ثقًُخ  Vmaxَؼجش ػٍ قًُخ انشكُضح انزً رظم ثبنزفبػم إنً يُزظف انسذ األقظً و انزي  

قذ .  pHدساعخ رأثُش يسبنُم يُظًخ يخزهفخ ثًخزهف رشكُض أَىٌ انهُذسوخٍُ  رى وزذح َشبط نكم يههُهزش. و

د ثكجشَزبد اِيىَُىو، رًذ ػًهُخ رُقُخ اإلَضَى يٍ خالَب كالوي انجقش ثذاَخ ثبإلعزخالص ثى ثزشعُت انجشورُُب

ثى ػًهُخ انزششُر أو غغُم انشاعت. ثى ػًهُخ انفظم انكشويبرىخشافً انؼًىدٌ ػهً يبدح انذاي إَثُم أيُُى 

، 592.27 ُشبطث COXI،COXII، COXIIIإَثُم عُفبسوص و قذ رسقق وخىد ثالس يشزجهبد يٍ اإلَضَى 

ضؼفًب يٍ انُقبوح ػٍ انًغزخهض  2.2 ،1.6، 0.72 ًَثميب  وزذح َشبط نكم يدى ثشورٍُ 1825 ،1323.3

 .كُهى دانزىٌ 70. و ثقُبط انىصٌ اندضَئً نهًشزجهبد انثالثخ وخذ أَهى ػهً َفظ انىصٌ ، ػهً انزشرُتانخبو
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ABSTRACT Condensation of 3a,b with some aromatic aldehydes afforded  the Schiff bases (4a-f). Reaction of 3a,b with 
aromatic aldehydes and  alkyl phosphites gave the corresponding amino phosphonates (5a-d). Heating 3a,b with 6a-f in 
POCl3 at 85 °C  furnished the amino sulphonamides (7a- l). Acid hydrolysis of compounds 7a,b and 7k) furnished the 
amines (8a-c). Condensation of 3a, b with 9a,b afforded the cyclized product (10a,b). Reaction of 3a with halo esters 
afforded 12 and 13. Heating 3a,b with 14a-c afforded 15a-f. Hydrolysis of 15a,b afforded  16a,b. Fusion of 3a,b with 1,4-

butane sultone gave sultams (18a,b). The antimicrobial activity o9f some products was tried 

Key words: 1, 2, 4-triazines, aldehydes, aminophosphonates, sultams, biological activity. 

Introduction:

1,2,4-Triazines were known to have many biological 

activities as antihypertensive,
1
  anticonvulsant agents,

2
 

antiinflamatory,
3
 muscle relaxants

4
 and antibacterial 

agents.
5 

. As we occupied several years ago with the 

chemistry of 1,2,4-triazines, we felt prompt that 

preparation of new type of these compounds have the 

triazine moiety gives at a  diverse biological activity. So, 

it is our goal to extend our study in this direction to 

explore their reactivity towards different reagents to 

synthesize some new derivatives for testing their 

biological activates. 

RESULTS AND DISCUSSION 

Refluxing benzaldehyde with hippuric acid  in acetic 

anhydride in presence of  sodium acetate anhydrous for 

2 hr  afforded  4-benzyl-2-phenyloxazol-5(2H)-one (1),
6
 

which on boiling in sodium hydroxide solution  for 3 hr,  

afforded  phenylpyruvic acid (2),
7
 which on boiling in 

80% aqueous methanol with thiocarbohydrazide for 5 hr 

afforded (3a) (Scheme 1). Its IR spectrum showed the 

(C=S) at 1284 cm
-1 

and (C=O) at 1607
 
cm

-1
, its

 1
H-NMR 

spectrum showed a singlet  (CH2) at 2.41 ppm  and its 

MS spectrum showed the (EI) m/z at 233.9. Compound 

3b was prepared according to literature method.
8,9 

+ PhCHONHCH2COOH

(CH3CO)2O ,

CH3COONa
O

N

Ph
O

Ph

NaOH  (15%)

Ph

COOH

O

- PhCOOH

+NH2NH-C-NH-NH2

S

Hippuric acid

1

Benzaldehyde

PhCHO

2

N
N
H

N

O

NH2

S

3a,b

Ph

 

                                 Scheme 1 

Condensation of compounds 3a,b with some aromatic 

aldehydes namely: benzaldehyde, 4-

methoxybenzaldehyde and/or 2-nitrobenzaldehyde in 

boiling glacial acetic acid afforded  the corresponding 

Schiff bases (4a-f) (Scheme 2). The 
1
H-NMR spectrum 

of 4b showed a singlet (3H, CH3) at 1.80 and a singlet 

NH at 8.51 ppm. Aminophosphonates are phosphonic 

analogs of naturally occurring α-amino acids and have 

attracted much attention due to their biological activities
  

and extensive application in organic chemistry.
10

 So, we 

now report a facile and efficient one step synthesis (one 

pot) of α-aminophosphonate derivatives of 1,2,4-

triazines by a three component condensation reaction. 

Accordingly, compounds 3a,b were allowed to react 

with  triethyl- and/or triphenyl–phosphite and an 

aromatic aldehyde (either benzaldehyde and/or 4-N-

dimethyl  

N
N
H

N

O
H
N

S

R

ArCHO

N
N
H

N

O

NH2

S

R

N
N
H

N

O

N

S

R CHAr

3a,b

ArCHO

MeOH/

P(OR')3

H
C P

O

OR'

OR'

4

a, R = CH2Ph,       Ar = Ph

b, R = CH2Ph,       Ar = 4-MeOC6H4

c, R = CH2Ph,       Ar = 2-NO2C6H4

d; R = CH=CHPh, Ar = Ph

e; R = CH=CHPh, Ar = 4-MeOC6H4

f; R = CH=CHPh, Ar = 2-NO2C6H4

5

a; R = CH2Ph,  Ar = Ph, R' = Ph

b; R = CH=CHPh, Ar = 4-(CH3)2 NC6H4, R' = Ph

c; R = CH2Ph, Ar = Ph, R' = Et.

d; R = CH=CHPh, Ar = 4-(CH3)2NC2H4, R' Et.

Ar

a, R= CH2Ph

b, R= CH=CHPh

 

                            Scheme 2 

aminobenzaldehyde)  in boiling glacial acetic acid for 5-

6 hr to give the corresponding amino phosphonates (5a-

d) in good yields (Scheme 2). The IR spectrum of 5b 

showed the (P=O) at 1250 cm
-1

, Its 
1
H-NMR spectrum 

 

http://en.wikipedia.org/w/index.php?title=1%2C2%2C4-triazine&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=1%2C2%2C4-triazine&action=edit&redlink=1
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showed a singlet (6H, 2 CH3) at 1.42 and 1.80 ppm and 

Its MS: m/z at 611.9 (C32H30N5O4PS, 99 %, M
+
). 

Heating 3a,b with (benzene and/or toluene) sulphonyl 

amino- (acetic and / or propionic)-acids (6a-f) in 

phosphorus oxychloride at 85 °C  for 6-8 hr furnished 

the corresponding heterocyclic amino sulphonamides 

(7a- l) (Scheme 3). The IR spectrum of compound 7e 

showed the C=O at 1699 cm
-1

 and CH at 2914 cm
-1 

, its 
1
H-NMR spectrum showed a singlet  (3H, CH3) at 2.41 

and a singlet (1H, NH) at 7.99 ppm. Its MS spectrum 

showed the (EI) m/z at 453.09 (C21H19N5O3S2, 4.89 %, 

M
+
). The IR spectrum of compound 7h showed the CH2 

at 2861 cm
-1

 and CH at 2985 cm
-1 

, its 
1
H-NMR 

spectrum showed a singlet  (3H, CH3) at 1.97 and a 

singlet CH2 at 4.41ppm and Its MS spectrum (EI) 

showed m/zat429.09(C19H19N5O3S2,100%,M
+
). 

3a,b
N

N
H

N

O

N

S

R

H
C

R'

POCl3 H
N SO2Ar

R'
6

a;  Ar = Ph, R', = H

b; Ar = Ph , R' = CH3

c; Ar = Ph, R' = CH2Ph

d; Ar = 4-Tol., R' = H

e, Ar = 4-Tol., R' = CH3

f; Ar = 4- Tol., R' = CH2Ph

7

a; R = CH=CHPh,     R' = H, Ar = Ph

b; R = CH=CHPh,     R' = CH3, Ar = Ph

c; R = CH=CHPh ,     R' = CH2Ph, Ar= Ph

d; R = CH=CHPh,      R' = H, Ar = 4-Tol.

e; R = CH=CHPh,      R' = CH3, Ar = 4-Tol.

f; R = CH=CHPh,     R' = CH2Ph, Ar = 4-Tol.

g ; R = CH2Ph,          R' = H, Ar = Ph

h; R = CH2Ph,           R' = CH3, Ar = Ph

i; R = CH2Ph ,           R' = CH2Ph, Ar= Ph

j; R = CH2Ph,           R' = H, Ar = 4-Tol.

k; R = CH2Ph,          R' = CH3, Ar = 4-Tol.

l; R = CH2Ph,           R' = CH2Ph, Ar = 4-Tol.

ArSO2NHCHCO2H+

                                   Scheme 3 

           Acid hydrolysis of compounds (7a,b and k) 

could be achieved by their refluxing with conc. HCl  for 

3-5 hr and led to the formation of new type of amines 

(8a-c) in addition to 4-toluenesulphonic acid (Scheme 

4). The IR spectrum of compound 8a showed the NH2 

sym at 3368 cm
-1

 and NH2 antisym at 3475 cm
-1

, its 
1
H-NMR 

spectrum showed the single CH2 at 2.35 and a single 

NH2 at 4.16 ppm. Condensation of compounds 3a, b 

with 2-(phenyl and/or ethoxy)-1,3-benzoxazin-4H-ones  

(9a,b) in boiling glacial acetic acid afforded the cyclized 

product (10a,b) through the elimination of one molecule 

of water as the sole product (tlc.) and not  

 

a; R = CH=CHPh,  R' = H, Ar = 4-Tol.

b; R = CH=CHPh,  R' = CH3, Ar = 4-Tol.

K; R = CH2Ph,       R' = CH3, Ar = 4-Tol.

+ Conc. HCl
N

N

N

O

N

S

R

H
C

R'

NH27

8

a; R = CH=CHPh,  R' = H

b; R = CH=CHPh,  R' = CH3 

c;  R = CH2Ph,       R' = CH3

SO3H

CH3

+

                                 Scheme 4 

the open structure N-(3-mercapto-5-oxo-6-styryl-1,2,4-

triazin-4(5H)-yl)acetamide (11) (Scheme 5). The IR 

spectrum of compound 10b showed the NH at 3375 cm
-1

 

and  its 
13

C-NMR spectrum showed the  CH3 at 14.17,  

CH2 at 39.29  and C=S at 193.50 ppm.  

N

N

O

R'N
N
H

N

O

S

R

X

O

N

O

R'

N
N

N

O

SH

R
N
H

COCH3

3a,b

11

9

10

      a, R=CH2Ph,       R' = OPh

      b, R=CH2Ph,       R' = OEt

      c, R=CH=CHPh, R' = OPh

      d, R=CH=CHPh, R' = OEt

a, R' = Ph

b, R' = OEt

 

                                   Scheme 5    

Reaction of compound 3a with ethyl chloro -(acetate and 

/or acetoacetate) in boiling methanol in the presence of 

sodium hydroxide for 3-4 hr afforded the corresponding 

alkyl derivatives 12 and 13, respectively (Scheme 6). 

The IR spectrum of compound 12 showed the NH2 sym at 

3452 cm
-1

 and NH2assym. at 3461 cm
-1

 and its 
1
H-NMR 

spectrum showed the triplet CH3 at 1.54 and a quartet 

CH2 at 2.41 ppm. Its IR spectrum of compound 13 

showed the NH2sym at 3338 cm
-1

 and NH2 assym. at 3453 

cm
-1

 and its 
1
H-NMR spectrum showed the triplet CH3 at 

1.60, a quartet CH2 at 2.50 and a single CH at 8.33ppm  

 

N
N
H

N

O

NH2

S

N
N

N

O

NH2

S

3a

CH2CO2Et

ClCH2CO2Et

N
N

N

O

NH2

S CH

COCH3

CO2Et
CH3COCH(Cl)CO2Et

12

13

NaOH

MeOHPh

Ph

Ph

 

                                Scheme 6 

Heating a mixture of 3a,b with (1,3-dioxo-1,3-

dihydroisoindol-2-yl)(methyl-, phenyl- and / or benzyl-

)acetic acid ( 14a-c)
11

 
 
in phosphorus oxychloride at 85 

°C for 5-6 hr yielded  15a-f after cooling and 

neutralization with 1N NaOH (Scheme 7). The IR 

spectrum of compound 15b showed the disappearance of 

NH2 at 3453 cm
-1

 and the presence of CH3 at 2925 cm
-1

, 

its 
1
H-NMR spectrum showed the single CH3 at 

2.31ppm. The MS spectrum of compound 15f showed 

the (EI) m/z at 493.12 (C27H19N5O3S, 1.41 %, M
+
). 

N
N
H

N

O

N

S

R

CH

R'

N

O

O

POCl3N

O

H
C

R'

CO2H

O

3a,b

14

a;  R', = H

b;  R' = CH3

c;  R' = CH2Ph

15

a; R = CH=CHPh, R' = H

b; R = CH=CHPh, R' = CH3

c; R = CH=CHPh, R' = CH2Ph

d; R = CH2Ph, R' = H

e; R = CH2Ph, R' = CH3

f; R = R'= CH2Ph

+

                                    
Scheme 7 

Acid hydrolysis of 15a,b could be achieved  by their  

refluxing with conc. HCl 
 
for 8-10 hr and led to the 

formation of a new type of amine 16a,b in addition to 

phthalic acid (Scheme 8). The IR spectrum of compound 

16a showed the presence of NH2 sym at 3368 cm
-1

 and 

NH2 antisym at 3475 cm
-
1. The MS spectrum of compound 
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16b showed the (EI) m/z at 299.08 (C14H13N5OS, 100 %, 

M
+
). 

a; R = CH=CHPh,  R' = H

b; R = CH=CHPh,  R' = CH3

+ Conc. HCl
N

N

N

O

N

S

R

H
C

R'

NH215

16

a; R = CH=CHPh,  R' = H

b; R = CH=CHPh,  R' = CH3

+

COOH

COOH

                                     Scheme 8 

Fusion of compounds 3a,b with 1,4-butanesultone (17) 

at 180 °C  for  6-8 hr afforded the corresponding sultams 

(18a,b), respectively (Scheme 9). The IR spectrum of 

compound 18a showed the appearance of S=O at 1162 

cm
-1

 and 1351 cm
-1

. The MS spectrum of compound 18b 

showed the (EI) m/z at 364.07 (C15H16N4O3S2, 80.12 %, 

M
+
). 

N
N
H

N

O

S
O

SO2

(CH2)2
(CH2)2O2S

N

17

18

a; R = CH2Ph

b; R = CH=CHPh

3a,b

R

+

                                                  

                                   Scheme 9 

EXPERIMENTAL 

All melting points were uncorrected and performed by 

the open capillary melting point apparatus. 

Microanalyses performed by Microanalysis Unit, Central 

Laboratory, Tanta University, Tanta, Egypt. IR spectra 

were recorded with a perkin-Elmer 1720 spectrometer. 

The NMR spectra were recorded on a Bruker AC 250 FT 

NMR  spectrometer at 250 MHz for 
1
H and 62.9 MHz 

for 
13

C,Varian UNITY 500 NMR spectrometer at 500 

MHz for 
1
H or 125.7 MHz for 

13
C, Bruker 200 MHz 

And Bruker 90 MHz spectrometer using TMS as an 

internal standard, DMSO and CHCl3 as  solvents. 

Chemical shifts (δ) are reported in parts per million 

(ppm) and signals are expressed as s (singlet), d 

(doublet), t (triplet), q (quartet), m (multiplet) or br 

(broad). Mass spectra (MS) were recorded using electron 

ionization (E.I.) on a Varian Mat 311A spectrometer. 

Preparation of  4-amino-6-benzyl-3-thioxo-3,4-

dihydro-1,2,4-triazin-5(2H)-one (3a). 

Compound 4-benzyl-2-phenyloxazol-5(2H)-one (1)
6
 and 

phenylpyruvic acid (2)
7 

were prepared according to 

known methods. Refluxing 2 (1.3 g, 0.01 mol) in 

aqueous methanol 80% with thiocarbohydrazide (1.06 g, 

0.01 mol) for 5 hr (tlc.), cooled the reaction mixture at r. 

t. The solid obtained was filtered off, dried and 

recrystallized from ethanol to afford (3a) yield: 74%, 

m.p. 195 
o
C. 

4-Amino-6-benzyl-3-thioxo-3,4-dihydro-1,2,4-triazin-

5(2H)-one (3a). 

IR (KBr): v (cm
-1

) = 1284 (C=S), 1748 (C=O), 3287 

(NH2 asym.), 3446 (NH2 sym.). 
1
H-NMR (DMSO-d6) = δ 

2.41 (s, 2H, CH2), 3.84 (s, 2H, NH2), 9.92 (s, 1H, NH), 

7.88 - 8.71 (m, 5H, Har.) ppm. 
13

C-NMR (DMSO-d6) = δ 

24.23 (CH2), 127.38, 128.65, 129,73, 134.28 and 142.16 

(Car.), 176.87 (C=Ocyclic), 181.47 (C=Scyclic) ppm. MS 

(EI): m/z 233.9 (C10H10N4OS, 90.6 %, M
+
). 

Compound 3b was prepared according to literature 

method.
8, 9

 

Condensation of compounds 3a,b with some aromatic 

aldehydes. Formation of Schiff bases (4a-f).  

The compounds 3a or 3b (0.01mol) and some aromatic 

aldehydes namely: benzaldehyde, 4-

methoxybenzaldehyde and/or 2-nitro- benzaldehyde  

(0.01mol) were mixed. The reaction mixture was 

refluxed in glacial acetic acid (15 ml) for 4-6 hr (tlc), 

cooled to r. t. and poured onto ice water. The solid 

obtained was filtered off, dried and recrystallized from 

DMF/water to afforded the corresponding Schiff bases 

(4a-f). 

6-Benzyl-4-(benzylideneamino)-3-thioxo-3,4-dihydro-

1,2,4-triazin-5(2H)-one (4a).  

IR (KBr): υ (cm
-1

) = 1350 (C=S), 1605 (C=N), 1640 

(C=O), 3007 (Ph CH), 3203 (NH). 
1
H-NMR (CDCl3) = 

 3.81 (s, 2H, CH2), 4.63 (s, 1H, CHar.), 6.85-7.3 (m, 5H, 

Har.), 7.47-8.4 (m, 5H, Har.), 8.53 (s, 1H, N=CH), 10.12 

(s, 1H, NH) ppm.  

4-(4-Methoxybenzylideneamino)-6-benzyl-3-thioxo-

3,4-dihydro-1,2,4-triazin-5(2H)-one (4b).  

IR (KBr): υ (cm
-1

) = 1246 (C=S), 1557 (C=N), 1685 

(C=O), 3066 (CH, Ph), 3139 (NH). 
1
H-NMR (DMSO-

d6) =  1.80 (s, 3H, CH3), 2.18 (s, 2H, CH2), 4.15 (s, 1H, 

N=CH), 7.56, 7.92 (m, 9H,  Har.), 8.51 (s, 1H, NH) ppm.  

 4-(2-Nitrobenzylideneamino)-6-benzyl-3-thioxo-3,4-

dihydro-1,2,4-triazin-5(2H)-one (4c). 

IR (KBr): υ (cm
-1

) = 1587 (C=N), 1250 (C=S), 1695 

(C=O), 3083 (CH, Ph), 3250 (NH), 1520 (NO2). 

4-(Benzylideneamino)-6-styryl-3-thioxo-3,4-dihydro-

1,2,4-triazin-5(2H)-on (4d). 

IR (KBr) υ (cm
-1

) = 1250 (C=S), 1561 (C=N), 1699 

(C=O), 3074 (CH, Ph), 3148 (NH). 

 4-(2-Nitrobenzylideneamino)-6-styryl-3-thioxo-3,4-

dihydro-1,2,4-triazin-5(2H)-one (4e). 

IR (KBr) υ (cm
-1

) = 1250 (C=S), 1545 (C=N), 1684 

(C=O), 3009 (CH, Ph), 3274 (NH). 
1
H-NMR (CDCl3) = 

 3.25 (s, 3H, CH3), 3.72 (d, 2H, J = 2.97 Hz, CH=CH), 

6.84-7.10 (m, 5H, Har.), 7.42-7.85 (m, 4H, Har.), 7.25 (s, 

1H, N=CH), 10.25 (s, 1H, NH) ppm.  

 4-(4-Methoxybenzylideneamino)-6-styryl-3-thioxo-

3,4-dihydro-1,2,4-triazin-5(2H)-one (4f). 

IR (KBr) υ (cm
-1

) = 1352 (C=S), 1489 (NO2), 1502 

(C=N), 1603 (C=O), 2920 (CH). 
1
H-NMR (DMSO-d6) = 
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 4.03 (s, 1H, CH), 7.83 (d, 2H, J = 3.0 Hz, CH=CH), 

8.22 - 8.94 (m, 7H, Har.), 11.01 (s, 1H, NH) ppm. 

Table 1: Physical and analytical data of compounds 4a-f. 

Cpd 

M.

P. 
(ºC) 

Yiel

d 
(%) 

M. F. 

(M. W.) 

M.A. ( %); 

Calcd/Found 

C%              H%          N%              

4a 
244

-6 
73 

C17H14N4O

S (322.38) 

63.33 

62.97 

4.38 

3.92 

17.38 

16.94 

4b 
271

-3 
93 

C18H16N4O

2S 

(352.41) 

61.35 

61.06 

4.58 

4.22 

15.90 

15.72 

4c 
264

-6 
72 

C17H13N5O

3S 
(367.38) 

55.58 

55.17 

3.57 

3.31 

19.06 

18.84 

4d 
302

-4 
53 

C18H14N4O

S (334.39) 

64.65 

64.24 

4.22 

3.93 

16.75 

16.53 

4e 
283
-5 

74 

C19H16N4O

2S 

(364.42) 

62.62 

62.37 

4.43 

3.99 

15.37 

15.14 

4f 
295

-7 
82 

C18H13N5O

3S 

(379.39) 

56.98 

56.79 

3.45 

3.14 

18.46 

18.12 

 Reaction of compounds 3a,b with some aromatic 

aldehydes and  triethyl- and / or triphenyl-phosphite. 

Formation of 5a-d 

A mixture of 3a,b (0.01 mol), some aromatic aldehydes 

namely: benzaldehyde and/or 4-N-dimethyl 

aminobenzaldehyde)
12

 (0.01 mol) and triethyl- and/or 

triphenyl–phosphite (0.02 mol) in glacial acetic acid (30 

ml) was heated at 100
ο
 C for 5 – 6 hr (tlc.). The reaction 

mixture was concentrated to 1/4 volume and poured onto 

ice. The solid formed was filtered off, washed by 

petroleum ether followed by recrystallization from 

methanol to give the corresponding amino phosphonates 

(5a-d) in good yields (Scheme 2). The data are listed in 

Table 2. 

Diphenyl(6-benzyl-5-oxo-3-thioxo-2,3-dihydro-

1,2,4tr-iazin-4(5H)-ylimino)-

(phenyl)methylphosphonate  (5a). 

IR (KBr) υ (cm
-1

) = 1224 (C=S), 1305 (P=O), 1641 

(C=N), 1708 (C=O), 2256 (CH2), 3055 (CHar.), 3436 

(NH). 
1
H-NMR (DMSO-d6) =  2.51 (s, 1H, NHacyclic), 

3.45 (s, 1H, CHPh), 6.08 (s, 2H, CH2Ph), 7.1-7.3 (m, 

20H, Har), 7.62 (s, 1H, NHcyclic) ppm. 

Diphenyl(4-(dimethylamino)phenyl)(5-oxo-6-styryl-3-

thioxo-2,3-dihydro-1,2,4-triazin-4(5H)ylimino)methy-

lphosphonate (5b). 

IR (KBr) υ (cm
-1

) = 1197 (C=S), 1308 (P=O), 1631 

(C=N), 1723 (C=O), 2981 (CH), 3086 (CHar.), 3427 

(NH). 
1
H-NMR (DMSO-d6) =  1.35 (s, 6H, 2CH3), 

2.60 (s, 1H, NHacyclic), 3.65 (s, 1H, CHPh), 6.55-7.05 (d, 

2H, J = 2.85 Hz, CH=CH), 7.5-8.8 (m, 19H, Har), 9.15 

(s, 1H, NHcyclic) ppm. MS (EI) m/z = 611.9 (M
+
, 

C32H30N5O4PS, 99 %). 

Diethyl(6-benzyl-5-oxo-3-thioxo-2,3-dihydro-1,2,4-

triazin-4(5H)-ylamino)- 

(phenyl)methylphosphonate (5c). 

IR (KBr) υ (cm
-1

) = 1250 (C=S), 1350 (P=O), 1520 

(C=N), 1640 (C=O), 2951 (CH2), 3057 (CHar.), 3465 

(NH). 
1
H-NMR (DMSO-d6) =   2.51 (t, 6H, J = 4.12 

Hz, 2CH3) 2.72 (s, 1H, NHacyclic), 3.72 (s, 1H, CHPh), 

4.52 (q, 4H, J = 2.43 Hz, 2CH2), 5.26 (s, 2H, CH2Ph), 

7.33-9.27 (m, 10H, Har), 9.72 (s, 1H, NHcyclic) ppm. 

Diethyl(4-(dimethylamino)phenyl)(5-oxo-6-styryl-

3thi-oxo-2,3-di-hydro-1,2,4-triazin-

4(5H)ylamino)methyl-phosphonate (5d). 

IR (KBr) υ (cm
-1

) = 1222 (C=S), 1337 (P=O), 1520 

(C=N), 1641 (C=O), 2961 (CH), 3087 (CHar.), 3152 

(NH). 
1
H-NMR (DMSO-d6) =  1.81 (t, 6H, J = 4.13 

Hz, 2CH3), 2.23 (s, 1H, NHacyclic), 2.53 (s, 6H, 2CH3, 

N(CH3)2),  2.55 (s, 1H, CHPh), 4.22 (q, 4H, J = 2.81 Hz, 

2CH2CH3), 7.55-7.61 (d, 2H, J = 3.10 Hz, CH=CH), 7.7-

7.9 (m, 9H, Har), 8.54  (s, 1H, NHcyclic).  
13

C-NMR 

(DMSO-d6) =  12.81 (2CH3), 21.00 (2CH3), 39.70 

(CH), 126.25, 126.65, 126.84, 129.76, 137.14 and 

137.25 (Car.), 165.28 (C=Ocyclic), 181.48 (C=Scyclic) ppm.    

Table 2: Physical and analytical data of compounds 5a-d 

Cp

d 

M.P

. 

(ºC) 

Yie

l d 

(%) 

M. F. 

(M. W.) 

M.A. ( %); 

Calcd/Found 

C%      H%        N% 

5a 
244-

6 
73 

C29H25N4O4P

S (556.57) 

62.5

8 

62.6

1 

4.5

3 

4.6

4 

10.0

7 

10.2

1 

5b 
271-

3 
93 

C32H30N5O4P

S (611.65) 

62.8

4 

62.5

6 

4.9

4 

4.7

2 

11.4

5 

11.1

7 

5c 
264-

6 
72 

C21H25N4O4P

S (460.49) 

54.7

7 

54.4

6 

5.4

7 

5.2

9 

12.1

7 

11.9

0 

5d 
302-

4 
53 

C24H30N5O4P

S (515.56) 

55.9

1 

55.6

8 

5.8

7 

5.5

9 

13.5

8 

13.3

0 

Reaction of 3a,b with (benzene- and/or 4-toluene)-

sulphonyl amino acids. Formation of the amino 

sulphonamides (7a-l). 

To a solution of 3a,b (0.01 mol) in phosphorus 

oxychloride (15 ml) , (benzene- and / or toluene )-

sulphonyl amino –(acetic and / or propionic)-acids (6a-f) 

(0.005 mol) 
6
 were added, in portions. The reaction 

mixture was heated at 85 °C  for 6-8 hr (tlc) and cooled. 

Sodium hydroxide solution (1%, 50 ml) was added until 

a solid product was formed. It was filtered off, washed 

with water, dried and recrystallized from methanol and 

furnished the corresponding amino sulphonamides (7a-l). 
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N-((4-Oxo-3-styryl-4,8a-dihydro-

1H[1,3,4]thiadiazolo[2,3c][-1,2,4]-triazin-7-

yl)methyl)benzenesulfonamide (7-a). 

IR (KBr) υ (cm
-1

) = 1335, 1375 (SO2), 1592 (C=N), 

1710 (C=O), 2981 (CH), 3020 (CHar.), 3335 (NH). 
1
H-

NMR (DMSO-d6) =   3.31 (s, 2H, CH2), 7.21-7.40 (d, 

2H, J = 3.02 Hz, CH=CH), 7.51-8.82 (m, 10H, Har.), 

11.73 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-d6) =  34.00 

(CH2), 113.94, 116.20, 117.69, 119.81, 128.61, 128.87, 

129.40, 130.96, 137.78, 138.54 and 139.02 (Car.), 159.80 

(C=N), 167.08 (C=Ocyclic.) ppm.      

N-(1-(4-Oxo-3-styryl-

4,8adihydro1H[1,3,4]thiadiazolo-[2,3c][1,2,4]triazin-

7-yl)ethyl)benzenesulfonamide (7b). 

IR (KBr) υ (cm
-1

) = 1332, 1373 (SO2), 1553 (C=N), 

1695 (C=O), 2932 (CH), 3070 (CHar.), 3218 (NH). 
1
H-

NMR (DMSO-d6) =  2.21 (s, 3H, CH3), 3.25 (s, 1H, 

CH), 7.55-7.63 (d, 2H, J = 2.92 Hz, CH=CH), 7.75-7.82 

(m, 10H, Har). 
13

C-NMR (DMSO-d6) =  17.11 (CH3), 

31.15 (CH3CH), 40.94 (CHCH3), 153.49 (C-7), 159.89 

(C-3), 161.73 (C-4), 126.44, 129.24, 132.52, 139.95, 

148.52 (Car.), 159.02 (C=N), 169.77 (C=Ocyclic) ppm.  

N-(1-(4-Oxo-3-styryl-4,8a-dihydro-1H-

[1,3,4]thiadiazo-lo[2,3-c][1,2,4]triazin-7-yl)-

2phenylethyl)benzenesulfo-namide (7c). 

IR (KBr) υ (cm
-1

) = 1345, 1368 (SO2), 1605 (C=N), 

1717 (C=O), 2978 (CH2), 3102 (CH), 3189 (CHar.), 3319 

(NH) ppm. 
1
H-NMR (DMSO-d6) =  2.51 (s, 2H, CH2), 

4.11 (s, 1H, CH), 7.41 -7.55 (d, 2H, J = 2.43 Hz, 

CH=CH), 7.61-7.92 (m, 15H, Har), 8.55 (s, 1H, NH). 
13

C-NMR (DMSO-d6) =  35.62 (CH2), 64.42 (CH), 

124.73, 127.25, 129.98, 130.15, 131.32, 132.84, 137.10 

and 139.73 (Car.), 158.15 (C=N), 167.81 (C=Ocyclic) ppm.      

 4-Methyl-N-((4-oxo-3-styryl-4,8a-dihydro-

1H[1,3,4]th-iadiazolo[2,3-c][1,2,4]-triazin-7-

yl)methyl)benzenesulf-onamide (7d). 

IR (KBr) υ (cm
-1

) = 1351, 1374 (SO2), 1613 (C=N), 

1718 (C=O), 2935 (CH), 3110 (CHar.), 3465 (NH). 
1
H-

NMR (DMSO-d6) =  2.43 (s, 3H, CH3), 3.41 (s, 2H, 

CH2), 4.50-7.55 (d, 2H, J = 3.53 Hz, CH=CH), 7.56-7.90 

(m, 9H, Har), 8.95 (s, 1H, NH). 
13

C-NMR (DMSO-d6) = 

  19.31 (CH3), 38.32 (CH2), 42.69 (CH), 153.19, 

158.62, 164.91, 128.16, 131.12, 138.08, 142.78, 147.93 

(Car.), 158.11 (C=N), 168.93 (C=Ocyclic) ppm. MS (EI) 

m/z = 439.07 (M
+
, C20H17N5O3S2, 7.52 %). 

4-Methyl-N-(1-(4-oxo-3-styryl-4,8a-dihydro-1H-

[1,3,4]thiadiazolo[2,3-c][1,2,4]-triazin-7-yl)ethyl-

)benzenesulfonamide (7e). 

IR (KBr) υ (cm
-1

) = 1333, 1372 (SO2), 1598 (C=N), 

1699 (C=O), 2914 (CH), 3139 (CHar.), 3558 (NH). 
1
H-

NMR (DMSO-d6) =  2.45 (s, 3H, CH3CH), 3.21 (s, 3H, 

CH3Ph) 3.42 (s, 1H, CHCH3), 7.35-7.45 (d, 2H, J = 2.64 

Hz, CH=CH) 7.72-7.90 (m, 9H, Har), 9.95 (s, 1H, NH). 
13

C-NMR (DMSO-d6) =  17.10 (CH3), 31.12 (CH3CH), 

40.93 (CHCH3), 153.44, 159.89, 161.78, 126.50, 129.60, 

137.13, 142.83, 148.28 (Car.), 156.39 (C=N), 170.12 

(C=Ocyclic) ppm. MS (EI) m/z = 453.09 (M
+
, 

C21H19N5O3S2, 4.89 %). 

 4-Methyl-N-((4-oxo-3-styryl-4,8a-dihydro-1H-[1,3,4-

]thiadiazolo[2,3-c][1,2,4]-triazin-7-yl)(ph-

enyl)methyl)-benzenesulfonamide (7f). 

IR (KBr) υ (cm
-1

) = 1330, 1367 (SO2), 1611 (C=N), 

1705 (C=O), 2981 (CH2), 2991 (CH), 3064 (CHar.), 3411 

(NH). 
1
H-NMR (DMSO-d6) =  1.34 (s, 3H, CH3), 2.51 

(s, 2H, CH2), 4.12 (s, 1H, CH), 7.40-7.55 (d, 2H, J = 

3.13 Hz, CH=CH), 7.60-7.92 (m, 14H, Har), 8.55(s, 1H, 

NH) ppm. 
13

C-NMR (DMSO-d6) =  16.20 (CH3), 38.31 

(CH2), 63.25 (CH), 124.50, 128.14, 129.08, 129.85, 

131.19, 131.59, 136.70 and 139.49 (Car.), 157.75 (C=N), 

169.14 (C=Ocyclic) ppm.      

 N-((3-Benzyl-4-oxo-4,8a-dihydro-1H-[1,3,4]-thiadiaz-

olo[2,3-c][1,2,4]-triazin-7-yl)methyl)-benzenesulfona-

mide (7g). 

IR (KBr) υ (cm
-1

) = 1334, 1365 (SO2), 1617 (C=N), 

1709 (C=O), 2922 (CH2), 2922 (CH), 3056 (CHar.), 3554 

(NH). 
1
H-NMR (DMSO-d6) =  2.41 (s, 2H, CH2NH), 

4.46 (s, 2H, CH2Ph), 7.6-7.91 (m, 10H, Har), 8.95 (s, 1H, 

NH) ppm. 
13

C-NMR (DMSO-d6) =   18.44 (CH3), 

29.52 (CH2), 42.42 (CH), 154.16, 159.72, 163.95, 

126.96, 129.71, 133.33, 139.95, 148.67 (Car.), 158.35 

(C=N), 169.22 (C=Ocyclic) ppm. 

 N-(1-(3-Benzyl-4-oxo-4,8a-dihydro-1H-[1,3,4]-thiad-

iazolo[2,3-c][1,2,4]triazin-7-yl)ethyl)benze-neesulfon-

amide (7h). 

IR (KBr) υ (cm
-1

) = 1337, 1372 (SO2), 1562 (C=N), 

1703 (C=O), 2861 (CH2), 2985 (CH), 3092 (CHar.), 3235 

(NH). 
1
H-NMR (DMSO-d6) =  2.45 (s, 3H, CH3), 2.51 

(s, 1H, CH), 3.25 (s, 2H, CH2) 7.61-7.88 (m, 10H, Har.), 

8.00 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-d6) =   18.44 

(CH3), 29.54 (CH2), 42.91 (CH), 155.19, 158.74, 164.15, 

127.01, 129.83, 134.38, 139.40, 149.57 (Car.), 159.23 

(C=N), 168.93 (C=Ocyclic) ppm. MS (EI) m/z = 429.09 

(M
+
, C19H19N5O3S2, 100.0 %). 

N-((3-Benzyl-4-oxo-4,8a-dihydro-1H-

[1,3,4]thiadiazol-o[2,3c][1,2,4]triazin-7-

yl)(phenyl)methyl)benzenesulf-onamide (7i). 

IR (KBr) υ (cm
-1

) = 1338, 1360 (SO2), 1650 (C=N), 

1711 (C=O), 2843 (CH2), 3053 (CHar.), 3323 (NH). 
1
H-

NMR (DMSO-d6) =  2.51 (s, 1H, CH), 3.92 (s, 2H, 

CHCH2), 4.20 (s, 2H, CH2Ph), 7.41-7.92 (m, 10H, Har.), 

8.55 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-d6) =  39.25 

(CH2), 62.11 (CH), 127.14, 128.01, 129.23, 129.89, 

130.19, 131.56, 136.57 and 139.84 (Car.), 158.10 (C=N), 

169.03 (C=Ocyclic) ppm.      

N-((3-Benzyl-4-oxo-4,8a-dihydro-1H-[1,3,4]thiadiaz-

olo[2,3c][1,2,4]-triazin-7-yl)methyl)-4-

methylbenzenes-ulfonamide (7j). 

IR (KBr) υ (cm
-1

) = 1338, 1370 (SO2), 1632 (C=N), 

1705 (C=O), 2932 (CH2), 3126 (CHar.), 3398 (NH). 
1
H-

NMR (DMSO-d6) =   2.51 (s, 3H, CH3Ph), 3.2 (s, 1H, 

CH), 3.35 (s, 2H, CH2NH), 4.53 (s, 2H, CH2Ph), 7.32-

7.75 (m, 9H, Har.), 8.91 (s, 1H, NH) ppm. 
13

C-NMR 
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(DMSO-d6) =   21.25 (CH3), 42.41 (CH2), 154.13, 

159.73, 163.93, 127.07, 130.06, 137.08, 143.73, 148.65 

(Car.), 158.92 (C=N), 170.02 (C=Ocyclic) ppm. 

N-(1-(3-Benzyl-4-oxo-4,8a-dihydro-1H-

[1,3,4]thiadiaz-olo[2,3-c][1,2,4]triazin-7-yl)ethyl)-4-

met-hylbenzene sulfonamide (7k). 

IR (KBr) υ (cm
-1

) = 1332, 1371 (SO2), 1563 (C=N), 

1715 (C=O), 2995 (CH), 3107 (CHar.), 3395 (NH). 
1
H-

NMR (DMSO-d6) =  2.31 (s, 3H, CH3CH), 2.52 (s, 3H, 

CH3Ph), 3.22 (s, 1H, CH), 3.45 (s, 2H, CH2), 7.32-7.75 

(m, 9H, Har.), 7.95 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-

d6) =  17.30 (CH3), 26.13 (CH3CH), 39.35 (CH2), 

154.46, 160.81, 162.56, 127.51, 129.54, 138.14, 143.52, 

149.34 (Car.), 159.31 (C=N), 169.62 (C=Ocyclic) ppm. 

 N-(1-(3-Benzyl-4-oxo-4,8a-dihydro-1H-

[1,3,4]thiadiaz-olo[2,3-c][1,2,4]triazin-7-yl)-2-

phenyleth-yl)-4methylb-enzenesulfonamide (7I). 

IR (KBr) υ (cm
-1

) = 1338, 1368 (SO2), 1646 (C=N), 

1718 (C=O), 2851 (CH2), 3063 (CHar.), 3352 (NH). 
1
H-

NMR (DMSO-d6) =  1.31 (s, 3H, CH3CH), 2.53 (s, 2H, 

CH2CH), 4.01 (s, 1H, CH), 4.20 (s, 2H, CH2Ph), 7.41-

7.90 (m, 14H, Har.), 8.55 (s, 1H, NH) ppm. 
13

C-NMR 

(DMSO-d6) = 14.17 (CH3), 39.29 (CH2), 61.12 (CH), 

126.59, 127.44, 129.00, 129.96, 130.15, 130.50, 135.50 

and 139.93 (Car.), 156.30 (C=N), 168.20 (C=Ocyclic) ppm.      

Table 3: Physical and analytical data of compounds 7a-l. 

Cp

d 

M.P

. 

(ºC) 

Yiel

d 

(%) 

M. F. 

(M. W.) 

M.A. ( %); 

Calcd/Found 

C%         H%        N% 

7a 
176-

8 
83 

C19H17N

5O3S2 

(427.5) 

53.38 

53.09 

4.0

1 

3.9

2 

16.3

8 

15.9

8 

7b 
183-

5 
71 

C20H19N

5O3S2 

(441.53) 

54.41 

54.12 

4.3

4 

3.9

7 

15.8

6 

15.5

7 

7c 
179-

81 
78 

C26H22N

5O3S2 

(516.61) 

60.45 

60.15 

4.2

9 

3.0

7 

13.5

6 

13.2

7 

7d 
197-

9 
85 

C20H19N

5O3S2 

(441.53) 

54.41 

54.22 

4.3

4 

3.9

7 

15.8

6 

15.4

5 

7e 
158-

60 
69 

C21H21N

5O3S2 

(455.55) 

55.37 

55.18 

4.6

5 

4.2

4 

15.3

7 

15.0

8 

7f 
202-

4 
74 

C27H25N

5O3S2 

(531.65) 

61.00 

60. 14 

4.7

4 

4.3

8 

13.1

7 

12.9

8 

7g 
232-

4 
58 

C18H17N

5O3S2 

(415.49) 

52.03 

51.81 

4.1

2 

3.9

3 

16.8

6 

16.5

7 

7h 
165-

7 
67 

C19H19N

5O3S2 

(429.52) 

53.13 

52.95 

4.4

6 

4.1

7 

16.3

1 

16.1

0 

7i 
191-

3 
79 

C25H22N

5O3S2 

(504.6) 

59.51 

59.32 

4.3

9 

4.0

8 

13.8

8 

13.5

9 

7j 
218-

20 
61 

C19H19N

5O3S2 

(429.52) 

53.13 

52.83 

4.4

6 

4.2

7 

16.3

1 

15.9

2 

7k 
189-

91 
82 

C20H21N

5O3S2 

(443.54) 

54.16 

53.96 

4.7

7 

4.3

5 

15.7

9 

15.4

1 

7l 
199-

01 
89 

C26H25N

5O3S2 

(519.64) 

60.10 

59.97 

4.8

5 

4.5

8 

13.4

8 

13.1

7 

Hydrolysis of compounds (7a,b and k). Formation of 

8a-c.     

Compounds (7a,b and k) (0.003 mol) was refluxed in 

conc. hydrochloric acid
13

 (25 ml) for  3-5 hr (tlc). The 

reaction mixture was cooled to r. t. and neutralized with 

sodium hydroxide solution (10 %, 25– 30 ml). The 

precipitate formed was filtered off, dried, and 

recrystallized from methanol to form 8a-c. The filtrate 

was acidified by dil. HCl to give a white precipitate of 4-

toluensulphonic acid.  

7-(Aminomethyl)-3-styryl-1H-[1,3,4]thiadiazolo-2,3-

c][1,2,4]triazin-4(H)-one (8a). 

IR (KBr) v (cm
-1

) = 1510 (C=N), 1623 (C=O, cylic), 

2781 (CH), 3368 (NH2 sym), 3475 (NH2 asym). 
1
H-NMR 

(DMSO-d6) =  2.35 (s, 2H, NH2), 3.40 (s, 2H, CH2), 

4.21-7.35 (d, 2H, J = 2.97 Hz, CH=CH), 7.65-8.52 (m, 

5H, Har.), 7.95 (s, 1H, NH) ppm.   
13

C-NMR (DMSO-d6) 

=  31.03 (CH2), 39.70 (CH=CH), 126.50, 126.65, 

126.84, 129.76, 137.14 and 137.25 (Car.), 156.12 (C=N), 

167.68 (C=O) ppm. 

7-(1-Aminoethyl)-3-styryl-1H-[1,3,4]thiadiazolo-[2,3-

c][1,2,4]triazin-4(H)-one (8b). 

IR (KBr) v (cm
-1

) = 1585 (C=N), 1630 (C=O, cylic), 

2818 (CH), 3228 (NH2 sym), 3398 (NH2 asym). 
1
H-NMR 

(DMSO-d6) =  2.23 (s, 3H, CH3), 2.55 (s, 1H, CH), 

4.34 (s, 2H, NH2), 4.62-7.43 (d, 2H, J =3.41 Hz, 

CH=CH), 7.6-8.45 (m, 5H, Har.), 7.95 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-d6) =  21.01 (CH3), 39.70 and 39.91 

(CH=CH), 110.81, 126.43, 126.62, 128.91, 129.67, 

134.20 and 138.09 (Car.), 158.12 (C=N), 169.32 (C=O) 

ppm. 
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7-(1-Aminoethyl)-3-benzyl-1H-[1,3,4]thiadiazo-lo[2,3-

c][1,2,4]triazin-4(H)-one (8c). 

IR (KBr) v (cm
-1

) = 1600 (C=N), 1680 (C=Ocylic), 3105 

(CHar.), 3322 (NH2). 
1
H-NMR (DMSO-d6) =  1.03 (s, 

3H, CH3), 2.48 (s, H, CH), 3.49 (s, 2H, CH2), 4.18 (s, 

2H, NH2), 7.46 – 8.52 (m, 5H, Har.) ppm. 
13

C-NMR 

(DMSO-d6) =  12.81 (CH3), 20.95 (CH2), 39.82 (CH), 

124.32, 127.15, 127.95, 129.29, 137.18 and 139.95 

(Car.), 158.19 (C=N), 169.99 (C=O) ppm. 

Table 4: Physical and analytical data of compounds 8a-c 

 

Cpd 
M.P. 

(ºC) 

Yield 

(%) 

M. F. 

(M. W.) 

M.A. ( %); 

Calcd/Found 

C%         H%        N% 

8a 
195-

7 
81 

C13H13N

5OS ( 

287.34) 

54.34 

53.99 

4.56 

4.32 

24.37 

24.01 

8b 
187-

9 
75 

C14H15N

5OS 

(301.37) 

55.80 

55.54 

5.02 

4.72 

23.24 

22.81 

8c 
182-

4 
78 

C13H15N

5OS 

(289.36) 

53.96 

53.71 

5.23 

5.05 

24.20 

23.97 

Reaction of 3a,b with 2-substituted-1,3-benzoxazin-

4H-one derivatives. Formation of 10a-d.   

A mixture of 3a, b (0.01 mol) and 2-(phenyl and/or 

ethoxy)-1,3-benzoxazin-4H-ones  (9a,b) (0.01 mol) was 

refluxed in glacial acetic acid (20 ml) for 13-15 hr (tlc). 

The solvent was evaporated till dryness and the solid 

obtained was recrystallized from (methanol / water) to 

afford 10a-d. 

3-(6-Benzyl-5-oxo-3-thioxo-2,3-dihydro-1,2,4-triazin-

4(5H)-yl)-2-phenylquina-zolin-4(3H)-one (10a). 

IR (KBr) υ (cm
-1

) = 1270 (C=S), 1600 (C=N), 1695, 

1730 (2C=O), 2985 (CHaliph.), 3088 (CHar.), 3241 (NH). 
1
H-NMR (DMSO-d6) =  2.18 (s, 2H, CH2), 7.20 – 8.55 

(m, 14H, Har.), 8.6 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-

d6) =  23.00 (CH2), 115.58, 115.9, 125.20, 127.90, 

127.95, 128.51, 129.06 and 129.19 (Car.), 131.70 (C-6'), 

131.76 (C-2'), 135.23 (C-4'), 135.31(C-5'), 135.73 (C-3'), 

162.01 (C=N), 172.81 (C=O), 189.77 (C=S) ppm. 

 3-(6-Benzyl-5-oxo-3-thioxo-2,3-dihydro-1,2,4-triazin-

4(5H)-yl)-2-ethoxyquina-zolin-4(3H)-one (10b). 

IR (KBr) υ (cm
-1

) = 1180 (C=S), 1657 (C=N), 1725 

(C=O), 2845 (CH), 3085 (CHar.), 3375 (NH). 
13

C-NMR 

(DMSO-d6) =  14.17 (CH3), 39.29 (CH2), 126.21, 

128.20, 128.77, 128.93, 129.90, 130.06, 133.47 and 

135.28 (Car.), 168.24 (C=N), 188.02 (C=O), 193.50 

(C=S) ppm. 

 3-(5-Oxo-6-styryl-3-thioxo-2,3-dihydro-1,2,4-triazin-

4(5H)-yl)-2-phenyl-quinazolin-4(3H)-one (10c). 

IR (KBr) υ (cm
-1

) = 1165 (C=S), 1600 (C=N), 1718 

(C=O), 2953 (CH), 3105 (CHar.), 3380 (NH). 
1
H-NMR 

(DMSO-d6) =   3.72-7.25 (d, 2H, J = 3.32 Hz, 

CH=CH), 7.5 – 8.20 (m, 14H, Har), 8.51 (s, 1H, NH) 

ppm.  

2-Ethoxy-3-(5-oxo-6-styryl-3-thioxo-2,3-dihydro-

1,2,4-triazin-4(5H)-yl)-quinazolin-4(3H)-one (10d).  

IR (KBr) υ (cm
-1

) = 1155 (C=S), 1525 (C=N), 1700 

(C=O), 2910 (CH), 3012 (CHar.), 3274 (NH). 

Table 5: Physical and analytical data of compounds 10a-d 

Cp

d 

M.p

. 

(ºC) 

Yiel

d 

(%) 

M. F. 

(M. W.) 

M.A. ( %); 

Calcd/Found 

C%          H%        N% 

10a 
190-

92 
55 

C25H17N

5O2S 

(451.5) 

66.50 

66.18 

3.80 

3.71 

15.51 

15.43 

10b 
186-

8 
68 

C21H17N

5O3S 

(419.46) 

60.13 

60.01 

4.09 

3.80 

16.70 

16.59 

10c 
157-

9 
71 

C24H17N

5O2S 

(439.49) 

65.59 

65.36 

3.90 

3.78 

15.94 

15.85 

10d 
198-

200 
57 

C20H17N

5O3S 

(407.45)  

58.96 

58.75 

4.21 

3.92 

17.19 

16.95 

Reaction of 4-amino-6-benzyl-3-thioxo-3,4-dihydro-

1,2,4-triazin-5(2H)-one (3a) with halo esters. 

Formation of 12 and 13.  

Compound 3a (2.34 g., 0.01 mol) was fused with ethyl 

chloro -(acetate and / or acetoacetate) (10 ml.) at 170 °C 

or refluxed in methanol in the presence of sodium 

hydroxide for 3-4 hr (tlc). The excess solvent was 

evaporated till dryness. The residual solid was 

crystallized from petroleum ether (80-100°C) and 

filtered to give 12 and 13, respectively.  

Ethyl-2-(4-amino-6-benzyl-5-oxo-2,3,4,5-tetrahydro-

1,2,4-triazin-3-ylthio)- acetate (12). 

IR (KBr) υ (cm
-1

) = 1631 (C=N), 1713, 1684 (2C=O), 

2954 (CH2), 3146 (CHar.), 3452 (NH2 sym), 3555 (NH2 

asym.). 
1
H-NMR (DMSO-d6)  = 1.23 (t, 3H, J = 3.62 Hz, 

CH3), 2.50 (s, 2H, NH2), 3.30 (s, 2H, CH2S), 3.55 (s, 2H, 

CH2Ph), 4.3 (q, 2H, J = 2.57 Hz, CH2CH3), 6.90 – 8.21 

(m, 5H, Har.) ppm.  

Ethyl-2-(4-amino-6-benzyl-5-oxo-2,3,4,5-tetrahyd-ro-

1,2,4-triazin-3-ylthio)-3-oxo-butanoate (13). 

IR (KBr) υ (cm
-1

) = 1571 (C=N), 1619 (C=O), 2912 

(CH2), 3001 (CHar.), 3338 (NH2 sym.), 3453 (NH2 asym.). 
1
H-NMR (DMSO-d6)  = 1.25 (t, 3H, J = 3.42 Hz, 

CH3CH2), 1.65 (s, 3H, CH3CO), 2.5 (s, 2H, NH2), 3.2 (s, 

2H, CH2Ph), 3.4 (q, 2H, J = 2.51 Hz, CH2CH3), 3.55 (s, 

1H, CH), 7.11-8.5 (m, 5H, Har.) ppm. 

Table 6. Physical and analytical data of compounds 12 

and 13. 
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Cpd

. 

 

M.P

.  

(°C) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

 

C%          H%        

N% 

12 178

-80 

74 C14H16N4

O3S 

(320.37) 

52.49 

52.37 

5.03 

4.62 

17.4

9 

17.3

8 

13 205

-7 

83 C16H18N4

O4S 

(362.4) 

53.03 

52.84 

5.01 

4.72 

15.4

6 

15.3

7 

Reaction of compounds 3a,b with 1,3-

dioxoisoindolealkyl acetic acid derivatives. 

Formation of 15a-f.  

   A mixture of 3a,b (0.001mol) and (1,3-dioxo-1,3-

dihydroisoindol-2-yl)(methyl-, phenyl- and/or 

benzyl)acetic acid ( 14a-f) (0.001mol) (prepared by 

fusion of glycine, alanine and/or phenyl alanine with 

phthalic anhydride according to Okuda et al)
13-15 

was 

heated in phosphorus oxychloride (20 ml) at 85 °C for 5-

6 hr (tlc).  The reaction mixture was evaporated till 

dryness,   cooled and neutralized with sodium hydroxide 

solution (10 %, 30 ml). The precipitate formed was 

filtered off, dried, and recrystallized from methanol and 

yielded 15a-f.  

2-((4-Oxo-3-styryl-4,8a-dihydro-1H-[1,3,4]thiadiazo-

lo[2,3-c]-[1,2,4]triazin-7-yl)methyl)isoindo-line-1,3-

dione (15a). 

IR (KBr) υ (cm
-1

) = 1460 (CH2) 1538 (C=Car.), 1642 

(C=N), 1721(C=O, NCO), 1772 (C=O, CONCO), 2997 

(CH), 3099 (CHar.), 3445 (NH). 
1
H-NMR (DMSO-d6)  

= 3.55 (s, 2H, CH2), 5.21-5.42 (d, 1H, J = 3.12 Hz, 

CH=CH), 7.82 - 9.75 (m, 9H, Har.), 10.15 (s, 1H, NH) 

ppm.  
13

C-NMR (DMSO-d6)  = 32.18 (CH2), 51.65 

(CH), 146.52, 153.18, 124.39, 131.59 and 134.73 (Car.), 

165.61 (C=N), 175.37 (CONCO) ppm. 

 2-(1-(4-Oxo-3-styryl-4,8a-dihydro-1H[1,3,4]thiadia-

zolo[2,3-c][1,2,4]-triazin-7-yl)ethyl)isoind-oline-1,3-

dione (15b). 

IR (KBr) υ (cm
-1

) = 1495 (C=Car.), 1626 (C=N), 1714 

(C=O), 2925 (CH, CH3), 3028 (CHar.), 3425 (NH). 
1
H-

NMR (DMSO-d6)  = 2.15 (s, 3H, CH3), 2.25, (s, 1H, 

CH), 4.36-4.63 (d, 2H, J = 2.98 Hz, CH=CH), 7.78 - 

8.03 (m, 9H, Har.) ppm. 
13

C-NMR (DMSO-d6)  = 16.75 

(CH3), 52.63 (CH), 125.37, 131.69, 134.74, 148.55 and 

157.27 (Car.), 167.61 (C=N), 174.47 (CONCO) ppm. 

 2-(1-(4-Oxo-3-styryl-4,8a-dihydro-1H-[1,3,4-

]thiadiazolo[2,3-c][1,2,4]-triazin-7-yl)-2-phenyle-

thyl)isoindoline-1,3-dione (15c).  

IR (KBr) υ (cm
-1

) = 1491 (CH2), 1515 (C=Car), 1622 

(C=N), 1725 (C=O), 3020 (CHar.), 3315 (NH). 
1
H-NMR 

(DMSO-d6)  = 3.11 (s, 2H, CH2), 3.73 (s, 1H, CH), 

7.15-7.35 (d, 2H, J = 3.50 Hz, CH=CHPh), 7.85-10.50 

(m, 14H, Har.), 10.92 (s, 1H, NH.) ppm. 
13

C-NMR 

(DMSO-d6)  = 37.45 (CH2), 61.15 (CH), 121.54, 

124.89, 127.59, 129.14, 131.72, 135.73 148.78 and 

157.18 (Car.), 161.55 (C=N), 169.93 (CONCO) ppm. 

2-((3-Benzyl-4-oxo-4,8a-dihydro-1H-

[1,3,4]thiadiazolo-[2,3-c][1,2,4]-triazin-7-yl)-

methyl)isoindo-line-1,3-dione (15d). 

IR (KBr) υ (cm
-1

) = 1511 (CH2), 1562 (C=Car.), 1595 

(C=N), 1660, 1720 (2C=O), 2989 (CH), 3015 (CHar.), 

3496 (NH). 
1
H-NMR (DMSO-d6)  =  2.11 (s, 2H, 

CH2N), 3.63 (s, 2H, CH2Ph), 7.25 – 9.85 (m, 9H, Har.), 

10.47 (s, 1H, NH) ppm. 
13

C-NMR (DMSO-d6)  = 27.18 

(CH2), 33.39 (CH2Ph), 145.47, 154.94, 125.41, 131.19, 

135.71 (Car.), 164.45 (C=N), 174.52 (CONCO) ppm. 

2-(1-(3-Benzyl-4-oxo-4,8a-dihydro-1H-

[1,3,4]thiadiazo-lo[2,3-c][1,2,4]triazin-7-yl) ethyl)iso-

indoline-1,3-dione (15e). 

IR (KBr) υ (cm
-1

) = 1496 (C=Car), 1571 (CH2), 1605 

(C=N), 1718, 1783 (2C=O), 2894 (CH, CH3), 3458 

(NH). 
1
H-NMR (DMSO-d6)  =  1.25 (s, 3H, CH3), 2.55 

(s, 1H, CH), 2.61 (s, 2H, CH2), 7.87 – 9.82 (m, 9H, Har.) 

ppm. 
13

C-NMR (DMSO-d6)  =  17.81 (CH3), 

28.41(CH2), 37.01 (CH), 126.41, 131.69, 135.34, 148.05 

and 158.94 (Car.), 169.22 (C=N), 177.93 (CONCO) ppm. 

2-(1-(3-Benzyl-4-oxo-4,8a-dihydro-1H-[1,3,4]thiadia-

zolo[2,3-c][1,2,4]triazin-7-yl)-2-phenylethyl)isoindoli-

ne-1,3-dione (15f). 

IR (KBr) υ (cm
-1

) = 1497 (C=Car.), 1555 (C=N), 1618 

(CH2), 1615, 1660 (2C=O), 3113 (CHar.), 3410 (NH). 
1
H-NMR (DMSO-d6)  =   3.61-3.82 (s, 4H, 2CH2 and 

H, CH), 7.8 – 9.4 (m, 14H, Har.), 9.94 (s, 1H, NH.) ppm. 

MS (EI) m/z = 493.12 (M
+
, C27H19N5O3S, 1.41 %). 

Table 7. Physical and analytical data of compounds 15 

a-f. 

Cpd

. 

 

M.P

.  

(°C) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

 

C%          H%        

N% 

15a 172

-4 

89 C21H15N5

O3S 

(417.44) 

60.42 

60.24 

3.6

2 

3.4

5 

16.7

8 

16.6

0 

15b 193

-5 

52 C22H17N5

O3S 

(431.47) 

61.24 

60.92 

3.9

7 

3.8

9 

16.2

3 

16.1

2 

15c 185

-7 

68 C28H21N5

O3S 

(507.56) 

66.26 

66.14 

4.1

7 

4.0

3 

13.8

0 

13.7

2 
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15d 205

-7 

71 C20H15N5

O3S 

(405.43) 

59.25 

59.08 

3.7

3 

3.6

1 

17.2

7 

17.1

4 

15e 220

-2 

86 C21H17N5

O3S 

(419.46) 

60.13 

60.05 

4.0

9 

3.8

1 

16.7

0 

16.6

4 

15f 197

-9 

59 C27H21N5

O3S 

(495.55) 

65.44 

65.36 

4.2

7 

4.1

2 

14.1

3 

14.0

1 

 

Hydrolysis of compounds 15a,b. Formation of 16a,b.    

A mixture of 15a,b (0.0001 mol) was boiled in conc. 

HCl  (25 ml) for 8-10 hr (tlc). The reaction mixture was 

cooled to r. t. and neutralized with sodium hydroxide 

solution (10 %, 30 ml ). The precipitate formed was 

filtered off, dried, and recrystallized from methanol to 

form 16a,b. 

7-(Aminomethyl)-3-styryl-1H-[1,3,4]thiadiazol-o[2,3-

c][1,2,4]triazin-4(8aH)-one (16a). 

IR (KBr) υ (cm
-1

) = 1483 (C=Car.), 1514 (C=N), 1573 

(CH2), 1635 (C=O), 3075 (CH=CH), 3368 (NH2 sym), 

3475 (NH2 asym). 
1
H-NMR (DMSO-d6)  = 1.97 (s, 2H, 

CH2), 2.21 (s, 2H, NH2), 5.55-5.75 (d, 2H, J = 3.31 Hz, 

CH=CH), 6.31-6.46   (m, 5H, Har) ppm.  

7-(1-Aminoethyl)-3-styryl-1H[1,3,4]thiadiazo-lo[2,3-

c][1,2,4]triazin-4(8aH)-one (16b). 

IR (KBr) υ (cm
-1

) = 1520 (C=Car), 1597 (C=N), 1726 

(C=O), 3072 (CH=CH), 3310 (NH2 sym), 3435 (NH2 asym).
 

1
H-NMR (DMSO-d6) δ = 1.18 (s, 3H, CH3), 2.5 (s, 2H, 

NH2), 4.01-6.40 (d, 2H, J = 3.11 Hz, CH=CH), 7.51-

8.05 (m, 5H, Har) ppm. 
13

C-NMR (DMSO-d6) δ = 14.17 

(CH3), 61.12 (CH=CH), 126.59, 127.44, 129.00, 129.96, 

130.15, 135.50 and 139.93 (Car.), 156.30 (C=N), 168.20 

(C=O) ppm. MS (EI) m/z = 299.08 (M
+
, C14H13N5OS, 

100 %). Reaction of 3a,b with 1,4-butane Sultone. 

Formation of 18a,b. 

A mixture of 3a,b (0.001 mol) and 1,4-butanesultone 

(17) (0.136 ml, 0.001 mol) was fused in an oil bath at 

140 - 150 °C  for 6-8 hr (tlc). The reaction mixture was 

cooled and the produced mass was treated with dil. HCl. 

The solid formed was filtered off, and recrystallized 

from ethanol to give 18a and 18b, respectively 

Table 8. Physical and analytical data of compounds 

16a,b. 

   

Cpd

. 

 

M.P.

.  

(°C) 

Yiel

d 

(%) 

M.F. 

  (M. wt.) 

M.A. ( %); 

Calcd/Found 

 

C%        H%       

N% 

16a 175-

7 

54 C13H13N5O

S (287.34) 

54.3

4 

54.2

1 

4.5

6 

4.4

8 

24.3

7 

24.1

1 

16b 197-

9 

61 C14H15N5O

S (301.37) 

55.8

0 

55.6

3 

5.0

2 

4.9

1 

23.2

4 

23.1

2 

6-Benzyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2H-

)oyl-1-butan-1,4-sultam (18a). 

IR (KBr) v (cm
-1

) = 1170 (C=S), 1162, 1351 (SO2), 

1610 (C=N), 1665 (C=O, cyclic), 3472 (NH). 
13

C-NMR 

(DMSO-d6) δ = 20.89 (CH2), 22.62 (CH2), 50.62 (CH2), 

126.43, 126.66, 128.91, 129.67 and 134.20 (Car.), 150.89 

(C=N), 168.99 (C=O), 179.99 (C=S) ppm. 

 6-Styryl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2H-

)oyl1-butan-1,4-sultam (18b). 

IR (KBr) v (cm
-1

) = 1157 (C=S), 1151, 1358 (SO2), 

1600 (C=N), 1690 (C=O), 3455 (NH). MS (EI) m/z = 

364.07 (M
+
, C15H16N4O3S2, 80.12 %). 

Table 9.  Physical and analytical data of compounds 

18a,b. 

   

Cp

d. 

 

M.P

..  

(°C) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

C%         H%        

N% 

18a 186-

8 

52 C14H16N4O3

S2 (352.43) 

47.7

1 

47.4

2 

4.5

8 

4.4

3 

15.9

0 

15.7

1 

18b 174-

6 

61 C15H16N4O3

S2 (364.44) 

49.4

3 

49.3

1 

4.4

3 

4.3

1 

15.3

7 

15.1

9 

Biological Activity 

Experimental  

10 g peptone, 20 g glucose, and 20 g agar were dissolved 

in 1 L distilled water to preparation media of cultural. 

The assay were seeded with 5x10
5
 cfu/ml of bacteria and 

4x10
5
 cfu/ml of fungi and filled with (10 mg) powder 

samples for the tested bacteria and fungi, after 

solidification, they incubated at 37°C for 3 days, after 

which the diameter of the inhibition zones was 

measured. 

 

 Results  and Discussion 

Tested microorganisms 

The antimicrobial activity of the prepared benzy- and/or 

styryl-1,2,4-triazine derivatives were determined against 

Escherichia coli (NCIM2065) as gram-negative bacteria, 
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S. ureus  as gram-positive bacteria and Candida albicans 

as fungi and the inhibition zones were measured in 

triplicates. 

 Antimicrobial activity of some selected compounds:  

The antimicrobial activity of the prepared benzy- and/or 

styryl-1,2,4-triazine  derivatives (3a, 5b, 5d, 8b, 8c and 

13)  were determined against the tested organisms by 

standard methods using Cut plug method.
 16,17

 The 

inhibition zones were measured and tabulated in the 

following table. 

Table (10): Antimicrobial activity of compounds (3a, 

5b, 5d, 8b, 8c and 13). 

Comp Inhibition zone (mm) 

S.areous 

MARSA 

E. coli C. albicans 

3a Negative Negative Negative 

5b 20 Negative 15 

5d 25 14 10 

8b 16 Negative Negative 

8c Negative 7 20 

13 Negative 6 Negative 

In table 10: CompoundS 5b and 5d containing the amino 

phosphonates group. which might be the responsible 

group for the inhibitory effect on growth of the three 

tested microorganisms (S.areous MARSA, E. coli and C. 

albicans).  compound. 8b showed antimicrobial 

ACTIVITY with S.areous MARSA, only. compounds 8C 

and 13 were tested against E. coli and C. albicans. 

compound . 8C showed antimicrobial activities against 

E. coli and C. albicans.Whiles  Compound . 13 showed 

antimicrobial effect with E. coli only.  Compound . 5d 

exhibited the highest inhibition zone. 

Determination of Minimal inhibitory concentrations 

(MICs) 

MICs of some synthetic compounds were determined 

for each antimicrobial agent by using agar dilution 

method 
18

. The inhibition zone was measured in 

triplicates in different concentrations (0.5, 1.0, 2.0 

ug/ml) and the mean values of MICs are tabulated in the 

following table. 

Table (11): (MICs µg/ml) of compounds (3a, 5b, 5d, 

8b, 8c and 13). 

Comp Inhibition zone (mm) 

S.areous 

MARSA 

E. coli C. albicans 

3a - - - 

5b 2.0 - 1.0 

5d 2.0 1.0 5.0 

8b 0.5 - - 

8c - 1.0 1.0 

13 - 1.0 - 

In table 11 the MICs of the above compounds were 

tested against S.areous MARSA, E. coli and C. albicans . 

Compound 5d yielded MICs 1 µg/ml. It was found that 

the highest effective MICs was 5d. The above 

compounds exhibited MICs ranged between 0.5-5 µg/ml. 

Conclusion 

In this paper. the authors reported the synthesis of some 

new 1,2,4-triazine derivatives to explore their biological 

activity. Preliminary results showed that some of them 

gave antibacterial activity.  
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 انًهخض ثبنهغخ انؼشثُخ

 أفشاذ يسًذ ششف –أزًذ أزًذ انجشثشٌ 

 ج .و.ع –خبيؼخ طُطب  –كهُخ انؼهىو  –قغى انكًُُبء 

 

يغ يخهىط يٍ  3a,b. ثًُُب ارا رى رفبػم انًشكجٍُ .(4a-f)يغ ػذد يٍ االنذهُذاد األسويبرُخ َؼطٍ قىاػذ شُف انًقبثهخ  (3a,b)ػُذ ركبثف انًشكجٍُ 

و 100ثُبئٍ يُثُم ايُُى انجُضانذهُذ( وثالثٍ فُُُم انفىعفُذ فً وخىد اوكغٍ كهىسَذ انفىعفىس ػُذ دسخخ -4-)انجُضانذهُذ أو 
ο

 .(5a-d)فبَه َؼطٍ  

و85فٍ وخىد أوكغٍ كهىسَذ انفىعفىس ػُذ دسخخ  (6a-f)رىنُم أيُُى زًض انخهُك -4-يغ ثؼض يشزقبد فُُم  3a,bػُذ رغخٍُ انًشكجٍُ 
ο

فبَه َؼطٍ  

ورنك ثزغخُُهب فً وخىد زًض انهُذسوكهىسَك انًشكض فبَه َؼطٍ  (7a,b and k) . وثبنزسهم انًبئٍ نهًشكجبد (7a-l)يشزقبد انثُبدَبصونىرشَبصٍَ انًقبثهخ 

 .(8a – c)األيُُبد اندذَذح انًقبثهخ 

 .(10a,b)فً زًض انخهُك انثهدً فبَه َؼطٍ انًشكجُبد  (9)يغ يشزقبد انجُضواوكضاصوٌ  3a,bػُذ غهُبٌ انًشكت 

وثبنًثم ػُذ يؼبندخ  12يغ كهىسواَثُم االعُزبد ػُذ دسخخ انغهُبٌ فً وخىد هُذسوكغُذ انظىدَىو َزكىٌ يشزق االَثُم اعُزبد انًقبثم  3aثًؼبندخ انًشكت 

 .13ىأعُزبد فً َفظ ظشوف انزفبػم انغبثقخ فبَه َؼطٍ يشزق االكغى ثُىرىَبد انًقبثم ثًشزق انكهىسواَثُم أعُز 3aانًشكت 

فً وخىد أوكغٍ (14a-f ) ،أو ثُُضَم( زًض انخهُك -،فُُُم-َم)يُثُم-2-داٌ هُذسواَضواَذول-1،3-داٌ أوكغى-1،3يغ 3a,b  ػُذ رغخٍُ انًشكجٍُ

و 85كهىسَذ انفىعفىس ػُذ دسخخ 
ο

ثسًض انهُذسوكهىسَك انًشكض   15a,bثؼذ انًؼبدنخ ثهُذسوكغُذ انظىدَىو. وثبنزسهم انًبئٍ نهًشكجبد  15a-fفبَه َؼطٍ  

 ثبالضبفخ انً زًض انفُثبنُك كُبرح ثبَىٌ. 16a,bانًغهٍ فبَهب رؼطٍ األيُُبد انًقبثهخ 

و180ثُىربٌ عبنزىٌ ػُذ دسخخ زشاسح  -4،1يغ  3a,bػُذ طهش انًشكجبد 
ο

 انًقبثهخ. (18a,b)بد فبَه َؼطٍ انًشكج 

 ثُخ.ونقذ رى اخزجبس انؼذَذ يٍ انُىارح ثُىنىخُب  كًضبداد نهجكزُشَب ثُىػُهب اندشاو )يىخت( واندشاو ) عبنت(  ووخذ اٌ نجؼضهب َزبئح اَدب
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Abstract Reaction of compound 1 with 2,3,4,6-tetra-O-acetyl--D-glucopyranosyl bromide (ABG) afforded 2. 

Deplocking of 2 with sodium methoxide gave 1. Alkylation of 1 led to the formation of 3a-c. Fusion of 1 with ethyl 

chloroformate and/or ethyl chloroacetate gave  4a,b. Similarly, boiling of 1 with ethyl chloroacetoacetate  gave 5. 

Refluxing of 1 with diphenyl diazomethane  gave 6. Compound 7 reacted with some aromatic aldehydes and triethyl- 

and/or triphenyl– phosphite in glacial acetic acid to furnish the amino phosphonates 8a-d. Treatment of 7 with 4-

aminobenzoic acid gave 9. Boiling 7 and triethylorthoformate in glacial acetic acid gave 10. Condensation of 7 with 4-

benzylidene-2-phenyloxazol-5(4H)-one furnished 11. Reaction of 7 with 4-chlorophenyl isocyanate and/or phenyl 

isothiocyanate in boiling anhydrous pyridine gave 12 and/or 14. Refluxing 7 with chloroacetaldehyde in ethanol yielded 

15.  Fusion of 7 with some sultones afforded the corresponding sultams 18a,b. All the new compounds were tested for their 

potential antibacterial activates and the results indicated that some of them showed activity against different types of 

bacteria. 

Key words: quinazolonones, alkylation, aminophosphonates, sultams, biological activity.  

Introduction: 

As our research group for some time ago is involved in 

the chemistry of quinazolone derivatives
1-3

 due to their 

importance in biological activity as  antihypertensive,
4
 

antifibrillatory, choleretic, antiphlogistic,
5
 antimitotic 

anticancer,
6
 antifungal

7, 8
 and anticonvulsant agents.

9
 

Quinazolinones were reported to possess diverse 

pharmacological activities such as CNS depressant,
10

 

hypnotic, antiinflamatory,
11

 antitumor,
12

 muscle 

relaxants
13

 and for their antineoplastic activity.
14

 So, it is 

our goal to extend our study in this area to explore the 

reactivity of  3-phenylquinazoline-2,4(1H,3H)-dithione 

(1)
15

 and 3-amino-6,8-dibromo-2-thioxo-2,3-dihydro-

1H-quinazolin-4-one (7) towards different reagents to 

synthesize some new derivatives for testing their 

biological activities. 

RESULTS AND DISCUSSION 

Reaction of 3-phenylquinazoline-2,4(1H,3H)dithione 

(1)
15

 with (2,3,4,6-tetra-O-acetyl-α-D-glucopyranosyl) 

-ABG) in the presence of triethyl amine in 

DMF at room temperature  afforded the corresponding  

S-nucleoside  2.  Deblocking of 2 using sodium 

methoxide at r.t. yielded the starting aglycone,
1,16

 and 

not the desired deblocked compound 3-phenyl-2-

((2R,3S,4R,5R)-3,4,5-trihydroxy-6-

(hydroxymethyl)tetrahydro-2H-pyran-2-

ylthio)quinazoline-4(3H)-thione (2a). Its IR spectrum 

showed the C=O at 1748 cm
-1

 and  its 
1
H-NMR 

spectrum showed a singlet (12H, 4CH3) at 1.96 ppm and 

its MS showed the  EI (M
+
)

 
at 600.25. S-alkylation of 

compound 1 could be achieved by its treatment with 

alkylating agents namely: methyl iodide, benzyl chloride 

and /or phenacyl chloride at room temperature to yield 

the corresponding 2-alkylthio derivatives 3a-c, 

respectively (Scheme 2). The 
1
H-NMR spectrum of 

compound 3a showed a singlet (CH3) at 2.75 ppm. 

Fusion of compound 1 with ethyl chloroformate and / or 

ethyl chloroacetate yielded the corresponding 2-alkylthio 

derivatives (4a, b) (Scheme 2). The IR spectrum of 

compound 4a showed the carbonyl (C=O) ester at 1760 

cm
-1

. 

By the same manner refluxing compound 1 with ethyl 

chloroacetoacetate in methanol for 4 hr afforded ethyl-3-

oxo-2-(3-phenyl-4-thioxo-1,2,3,4-tetrahydro- 

quinazolin-2-ylthio) butanoate (5) (Scheme 2). Its IR 

spectrum showed the (C=O) ketone at 1665 and the 

(CO) ester at 1742 cm
-1

, its
 1

H-NMR  spectrum showed  
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a triblet 3H of  (CH3) at 1.64, quartet 2H (CH2) at 3.41 

and a singlet  (CH) at 3.95 ppm. Refluxing of compound 

1 with diphenyl diazomethane (prepared according to 

known method)
17

 in anhydrous benzene for 6 hr gave 2-

(benzhydrylthio)-3-phenyl quinazoline-4(3H)-thione (6) 

as the sole product (tlc) and not 6a or 6b  (Scheme 2). 

The structures 6a and 6b were ruled out based on 

different spectroscopic data.  The IR spectrum of 6 

showed the disappearance of SH at 1653 cm
-1 

, while 

appearance of SCH at 2927 cm
-1 

and
 

its
 1

H-NMR  

spectrum showed a singlet  (CH) at 3.51 ppm. and its 

MS showed the m/z (M
+ 

) at 436.59. 

N

N

O

Ph

S

H

COOH

NH2

PhCNS

N

N

S

Ph

S

H

P2S5

11a

                               Scheme 1 

 

                                  Scheme 2 

In our earlier work 
1
 we found that 3-amino-6,8-

dibromo-2-thioxo-2,3-dihydro-1H-quinazolin-4-one (7) 

was a versatile compound due to its biological activity as 

Accaros: Spider mite (Tetranychus- urticae),(Koch), 

Fungicides (Rhizoctonia solani, Fusarium oxysporium, 

Fusarium solani, Verticillium dahliae and Verticillium 

sulphurellium)and Bactericides (Psedomonas 

solaniserum, Erwinia carotovora and Ralstonia 

salanceanum).
1
 

So, we found it is worthy to extend our study on the 

chemistry of compound 7 to get new derivatives of 

expected biological activity. 

Accordingly, Compound 7 reacted with a mixture of 

aromatic aldehydes(benzaldehydeand4-

chlorobanzaldehyde)andtriethyl-and/or triphenyl– 

phosphite in glacial acetic acid at 100°C for 4-6 hr (tlc) 

to furnish the amino phosphonates (8a-d), respectively. 

The IR spectrum of compound 8a showed the (CH) at 

2849 and (NH) at 3300 cm
-1

. The 
1
H-NMR spectrum of 

compound 8b showed the triplet    (2CH3) at 1.20, (CH) 

at 3.94 and (NHacyclic) at 2.51 ppm.. The 
13

C-NMR 

spectrum of compound 8c showed the (CH) at 53.55, (P-

O-C) at 154.33 and (C=O) at 169.22 ppm. 

Treatment of compound 7 with 4-aminobenzoic acid in  

boiling phosphorus oxychloride for 8 hr gave  2-(4-

aminophenyl)-7,9-dibromo-10,10a-dihydro-

[1,3,4]thiadiazolo[2,3-b]quinazolin-5-one (9) through 

the elimination of two molecules of water. Its 
13

C-NMR 

spectrum showed the (C=C) at 153.15, (C=O) at 164.32 

and (C=N) at 170,31ppm. 

Boiling amixture of compound  7 and 

triethylorthoformate in glacial acetic acid for 3 hr (tlc) 

gave ethylN-6,8-dibromo-4-oxo-2-thioxo-1,2-

dihydroquinazolin-3(4H)-ylformimidate(10).ItsIR 

spectrum showed the (CH) at 2950 cm
-1  

and Its 
13

C-

NMR spectrum showed the  (CH3 ) at 14.19 and   (CH2) 

at 61.52 ppm. 

Condensation of compound 7 with 4-benzylidene-2-

phenyloxazol-5(4H)-one in boiling glacial acetic acid 

furnished3-(4-benzylidene-5-oxo-2-phenyl-

4,5dihydroimi-dazol-1-yl)-6,8-dibromo-2-thioxo-

1,2,3,8atetrahydroquin-azolin-4(4aH)-one (11). Its IR 

spectrum showed a sharp signal  at 2970 cm
-1

 for (CHar.) 

and its MS spectrum showed the  m/z at (581, 14%), 

(M
+
, C24H15Br2N4O2S2). 

Reaction of compound 7 with 4-chlorophenyl isocyanate 

and/or phenyl isothiocyanate in boiling anhydrous 

pyridine for 4-5 hr gave 1-(4-chlorophenyl)-3-(6,8-

dibromo-4-oxo-2-thioxo-1,2-dihydroquinazolin-3(4H)-

yl)urea (12) and/or 7,9-dibromo-2-(phenylimino)-2,3-

dihydro- 

[1,3,4]thiadiazolo[2,3-b]quina-zolin-5-one(14), 

respectiv-eely. The IR spectrum of compound 12 

showed the (C=O-NH) at 1660, (CH) at 2961 cm
-1

. The 
13

C-NMR spectrum of compound 14 showed the  (C=N) 

at 147.17, (C=O) at 156.86 and (C-S) at 160.66 ppm. 

                                     

i

i = ABG 

ii

, ii = RCl

iii

 ; iii = X-CO2Et

   a; X= Cl
   b; X= ClCH2
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N
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                         Scheme 3 

Refluxing a mixture of compound 7 and 
chloroacetaldehyde in ethanol for 3 hr  yielded 2-(3-
amino-6,8-dibromo-4-oxo-1,2,3,4-tetrahydroquinazolin-
2-ylthio)acetalde-hyde (15). Its IR spectrum showed the 
disappearance of C=S at 1120 cm

-1 
, while appearance of 

C=N at 1560 cm
-1 

and its
 1

H-NMR  spectrum showed 
signal  (2H, CH2) at 4.43 and a single (1H, CHO) at 9.70 
ppm.  

Fusion of compound 7 with 1,3-propane-and/or 1,4-
butane-sultone at 180 °C  for 9-11 hr afforded the 
corresponding sultams: 6,8-dibromo-2-thioxo-2,3-
dihydro-quinazolinoyl-propane-1,3-sultam (18a)  and 
6,8-dibromo-2-thioxo-2,3-dihydroquinazolinoyl-butane-
1,4-sultam (18b), respectively (Scheme 3). The 

1
H-NMR 

spectrum of compound 18a showed the (m, 2H, CH2) at 
1.20, (d, 2H, CH2) at 3.01 and  (d, 2H, CH2) at 3.20 ppm. 
The IR spectrum of compound 18b showed the (SO2) at 
1156, 1350 cm

-1
 and (C=S) at 1120 cm

-1
. 

EXPERIMENTAL 

All melting points were uncorrected and performed by 
the open capillary melting point apparatus. 
Microanalyses were performed by Microanalysis Unit, 
Faculty of Science, Cairo University and Microanalysis 
Unit, Central Laboratory, Tanta University. IR spectra 
recorded with a Perkin-Elmer 1720 spectrometer. The 
NMR spectra were recorded on a Brüker AC 250 FT 
NMR spectrometer at 250 MHz for 

1
 H and 62.9 MHz 

for 
13

C, Varian UNITY 500 NMR spectrometer at 500 
MHz for 

1
 H or 125.7 MHz for 

13
C, Bruker 200 MHz 

And Bruker 90 MHz spectrometer using TMS as an 
internal standard DMSO as a solvent. Chemical shifts (δ) 
are reported in parts per million (ppm) and signals are 
expressed as s (singlet), d (doublet), t (triplet), q 
(quartet), m (multiplet) or br (broad). Mass spectra (MS) 

were recorded using electron ionization (E.I.) on a 
Varian Mat 311A spectrometer. 

Compounds 1a
15

, 1
15

 and 7
1
 were prepared according to 

recommended methods. 

Coupling of 1 with 2,3,4,6-tetra-O-acetyl--D-
glucopyranosyl bromide (ABG). Formation of 2.  

A solution of compound 1 (0.27 g, 0.001 mol) was 
dissolved in a mixture of triethyl amine (2 ml ) and  
DMF (15 ml) and added to a solution of ABG (0.41g, 
0.001 mol). The reaction mixture was stirred at r. t. for 4 
hr (tlc). The reaction mixture was pourd onto cold water, 
the solid formed was filtered off, washed with water, 
dried, and recrystallized from ethanol to afford   2

16
.  

2-(2,3,4,6-Tetra-O-acetyl-β-D-glucopyranosyl-thio)-3-
phenyl-2,3dihydro-quinazoline-4(1H)-thione (2) 

IR: v (cm
-1

) 1227 (C=S cyclic), 1610 (C=N), 1748 (C=O, 
acetyl), 2925 (CH); 

1
H-NMR (DMSO-d6): δ 1.96 (s, 

12H, 4CH3), 4.01-4.30 (s, 2H, CH2), 4.96 (dd, 1H, J = 
5.63 Hz, H-5`), 5.10  (t, 1H,  J = 3.04 Hz, H-4`), 5.36 
(dd, 1H, J = 4.98 Hz, H-3`), 5.58 (dd, 1H, J = 3.85 Hz, 
H-2`), 5.97 (dd, 1H, J` = 4.16, H-1`), 7.39 – 8.55 (m, 9H, 
Har.)ppm; 

13
C-NMR (DMSO-d6): δ 20,19 (CH3, C´6), 

20,35(CH3, C´4), 20.36 (CH3, C´2), 20.38 (CH3, C´3), 
61.65, 67.94, 68.50, 73.01, 75.06, 81.90 (C´6, C´4, C´2, 
C´3, C´5, C´1anomeric), 127.19, 128.84, 129.04, 129.84, 
130.20 (Car.), 153.51 (C=Ncyclic), 169.08, 169.20, 169.20, 
169.72, 169.87 (C = O, acetyl), 189.08 (C=Scyclic)ppm.; 
MS (EI) m/z = 600.25 (M

+
, C28H28N2O9S2, 100%). 

Deblocking of Compound 2. 

Compound 2 (0.60 g, 0.001 mol) was dissolved in (20 
ml) methanol and two drops of sodium methoxide 
solution (0.001 N) were added. The reaction mixture was 
left at room temperature for 4 hr (tlc). The solvent was 
evaporated under vacuum and the residual solid was 
dissolved in water neutralized with dill HCl. The solid 
formed was filtered off, washed with water, dried, 
recrystallized from ethanol to give the starting material 
1

16
. Yield 0.93 g (62%); m.p. 180-182 °C. mp and mixed 

mp of the product with authentic sample of 1 gave no 
depression. 

Alkylation of 1. Formation of 3a-c. 

Compound 1 (0.81g, 0.003 mol) was dissolved in 
methanol (20 ml) and sodium hydroxide (0.5 g). The 
appropriate alkyl halide (0.003 mol) was added, and the 
reaction mixture was stirred at r.t. for 4-5 hr (tlc). The 
solid product formed was filtered off, recrystallized from 
ethanol, filtered, and dried to afford 3a-c.Table 1and 
Scheme 2. 

2-(Methylthio)-3-phenylquinazoline-4(3H)-thione 
(3a). 

IR: v (cm
-1

) 1188 (C=Scyclic), 1665 (C=N), 2925 (CH); 
1
H-NMR (DMSO-d6) (fig. 9): δ 2.75 (s, 3H, CH3), 6.88 

– 7.88 (m, 9H, Har.)ppm; 
13

C-NMR (DMSO-d6): δ 14,16 
(CH3), 122.09, 124.14, 126.18, 128.91, 136.81, 143.12 
and 149.12 (Car.), 163.26 (C=Ncyclic), 179.12 (C=S) ppm; 
MS (EI) m/z = 284,05 (M

+
, C15H12N2S2, 1.7%). 

2-(Benzylthio)-3-phenylquinazoline-4(3H)-thione 
(3b). 
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IR: v (cm-1) 1200 (C=Scyclic), 1690 (C=N), 2875 
(CHaliph.), 3037 (CHar.); 

1
H-NMR (DMSO-d6): δ 4.51 (s, 

2H, CH2), 7.25 – 8.57 (m, 14H, Har.) ppm; 
13

C-NMR 
(DMSO-d6)  (fig. 14): δ 39.29 (CH2), 126.83, 127.38, 
128.46, 129.02, 129.41, 129.84, 129.94 and 135.45 
(Car.), 156.68 (C=N cyclic), 188.99 (C=S) ppm. 

1-Phenyl-2-(3-phenyl-4-thioxo-3,4-
dihydroquinazolin-2-ylthio)ethanone (3c). 

IR: v (cm
-1

) 1193 (C=S), 1635 (C=Ncyclic), 1728 (C=O 
Ph), 2979 (CHaliph.), 3088 (CHar.); 

1
H-NMR (DMSO-d6): 

δ  4.76 (s, 2H, CH2), 7.20– 8.51(m, 14H, Har.)ppm.; 
13

C-NMR (DMSO-d6) (fig.17): δ 43.71 (CH2CO), 
126,21, 128.20, 128.77, 128.93, 129.90, 130.06, 133.47 
and 135.28 (Car.),186.11 (C=Scyclic,), 193.50 (C=OC6H5) 
ppm. 

Table 1: Physical and analytical data of compounds 3a-c 

   

Cpd

. 

 

M.P

. 

(°C) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

        

C% 
H% 

 

N% 

3a 192

-4 

82 C15H12N2S2. 

1/10H2O 

(284.4) 

63.3

5 

 

62.9

6 

4.2

5 

4.4

6 

9.8

5 

9.3

1 

3b 122

-4 

75 C21H16N2S2. 

1/10H2O 

(360.08) 

69.9

7 

69.6

3  

4.4

7 

4.4

2 

7.7

7 

7.7

3 

3c 181

-3 

86 C22H16N2O

S2 

(389.07) 

68.0

1 

67.4

8 

4.1

5 

3.9

3 

7.2

1 

6.4

5 

Reaction of compound 1 with ethyl chloroformate 

and/or ethyl chloroacetate. Formation of 4a,b. 

Compound 1 (0.81g, 0.003 mol) was fused in ethyl 

chloroformate and / or ethyl chloroacetate (0.003 mol) 

for 4-5 hr (tlc). The excess of the reagent was evaporated 

till dryness under vaccum. The residual solid was 

crystallized from ethanol to give compounds 4a and/or 

4b, respectively. 

Ethyl-2-(3-phenyl-4-thioxo-1,2,3,4tetrahydroquina-

zolin-2-ylthio)formate (4a). 

IR: v (cm
-1

)  1235 (C=S), 1690 (C=N), 1760 (C=O), 

2945 (CHaliph.); 
1
H-NMR (DMSO-d6) (fig.19):  δ 1.25 (t, 

3H, J = 3.61 Hz, CH3), 3.65 (q, 2H, J = 2.96 Hz, CH2), 

7.20 – 8.55 (m,18H, Har.) ppm.; 
13

C-NMR (DMSO-d6): 

δ 22.50 (CH3), 58.11 (CH2), 115.58, 115.93, 125.20, 

127.90, 127.95, 128.51, 129.06, 129.19, 131.70, 131.76, 

135.23, 125.31 and 135.73 (Car.), 144.16 (COO), 172.81 

(C=S), 189.77 (C=S)ppm. 

Ethyl-2-(3-phenyl-4-thioxo-

1,2,3,4tetrahydroquinazol-in-2-ylthio)acetate (4b). 

IR: v (cm
-1

) 1197 (C=S), 1610 (C=N), 1675 (C=O), 

2930 (CHaliph.); 
1
H-NMR (DMSO-d6) (fig. 22): δ 1.25 (t, 

3H, J = 4.71 Hz, CH3), 3.57 (d, 2H, J = 3.14 Hz, CH2S), 

4.21 (q, 2H, J =  2.83 Hz, CH2CO), 6.20 – 7.85 (m, 18H, 

Har.) ppm; 
13

C-NMR (DMSO-d6): δ 14.02 (CH3), 33.45 

(CH2CO ), 61.45 (CH2), 110.12, 119.89, 129.80, 130.01, 

136.01, 137.98, 139.32, 143.32, 151.02 and 154.34 

(Car.), 173.02 (C=N), 179.23 (C=O), 203.98 (C=S) ppm. 

Reaction of compound 1 with ethyl 

chloroacetoacetate. Formation of 5.  

To a solution of compound 1 (0.81g, 0.003 mol) in 

methanol (15 ml) and potassium hydroxide (0.56 g, 0.01 

mol), ethyl chloroacetoacetate (0.49 g, 0.003 mol) was 

added. The reaction mixture was stirred at r. t. for 5 hr 

(tlc). The solid product that formed was recrystallized 

from ethanol to give 5. 

Ethyl-3-oxo-2-(3-phenyl-4-thioxo-

1,2,3,4tetrahydroqui-nazolin-2-ylthio)-butanoate (5). 

IR: v (cm
-1

) 1250 (C=S), 1610 (C=N), 1742,1665 

(2C=O) 2940 (CHaliph.);
  1

H-NMR (DMSO-d6) (fig. 25): 

δ 1.64 (t, 3H, J = 4.91 Hz,CH3CH2), 2.55 (s, 3H, 

CH3CO), 3.4 (q, 2H, J = 2.53 Hz, CH2), 3.95 (s, 1H, 

CH), 7.00-7.9 (m, 9H, Har.) ppm; MS: (EI) m/z = 398.8 

(M
+
, C20H18N2O3S2, 2.2 %).  

Reaction of compound 1 with diphenyl 

diazomethane. Formation of 6. 

Compound 1 (0.81 g, 0.003 mol) was refluxed with 

diphenyl diazomethane (0.5 ml, 0.004 mol) in anhydrous 

benzene (30 ml) for 6 hr (tlc). After cooling to r. t. the 

formed solid product was filtered off, recrystallized from 

methanol, filtered, and dried to afford 6. 

2-(Benzhydrylthio)-3-

phenylquinazoline4(3H)thione(6)  

IR: v (cm
-1

) 1240 (C=S), 1690 (C=N), 2927 (CHaliph.), 

3090 (CHar.). 
1
H-NMR (DMSO-d6) (fig. 28): δ 3.51 (s, 

1H, SCH), 6.32-8.51 (m, 19H, Har.) ppm; 
13

C-NMR 

(DMSO-d6): δ 55.29 (CH), 127.28, 128.20, 128.52, 

128.61, 128.94, 129.53, 129.86 and 140.07 (Car.), 156.12 

(C=N), 190.01 (C=S) ppm; MS  (EI) m/z = 436.59 (M
+
, 

C27H20N2S2, 31.9 %). 

Table2. Physical and analytical data of compounds 4a,b, 

5 and 6.  

   

Cpd

. 

 

M.P

. 

(°C

) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

           

C% 

H

% 

N

% 

4a 184

-6 

87 C17H14N2O2

S2 .1/10H2O 

(342.44) 

59.6

3 

59.2

6 

4.1

2 

4.0

6 

8.1

8 

8.1

3 
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4b 210

-12 

89 C18H16N2O2

S2. 1/10H2O 

(356.46) 

60.6

5 

60.2

9 

4.5

2 

4.4

6 

 

7.8

6 

7.8

1 

5 190

-2 

78 C20H18N2O3

S2 . 1/10H2O 

(398.5) 

60.2

8 

59.9

5 

4.5

5 

4.4

9 

7.0

3 

6.9

9 

6 

 

196

-8 

85 C27H20N2S2 . 

1/10H2O 

(436.59) 

74.2

8 

73.9

0  

4.6

2 

4.5

6 

6.4

2 

6.3

8 

Reaction of compound 7 with a mixture of 

triethyl- and/or triphenyl–phosphite and 

aromatic aldehydes. Formation of 8a-d. 

A mixture of 7 (0.98 g, 0.0028 mol),  benzaldehyde and 

4-clorobanzaldehyde (0,003 mol) and triethyl- or 

triphenyl– phosphite ( 0.003 mol) in glacial acetic acid 

(30 ml) was heated at 100 °C for 4-6 hr (tlc). The 

reaction mixture was concentrated to 1/4 volume and 

poured onto ice. The solid formed was filtered off,  

washed by petroleum ether followed by recrystalliztion 

from methanol to give the amino phosphonates (8a-d), 

respectively. The data are listed in table 3. 

Diethyl(6,8-dibromo-4-oxo-2-thioxo-

1,2dihydroquinaz-olin3(4H)-ylamino)- (phenyl)-

methylphosphonate (8a). 

IR: v (cm
-1

) 680 (C-Br), 745 (C-Cl), 1260 (C=Scyclic), 

1310 (P=O), 1687 (C=O),  2849 (CH), 3197, 3300 

(2NH); 
1
H-NMR (DMSO-d6): δ 1.22 (s, 6H, 2CH3), 

2.52 (s, 1H, NHacyclic), 3.94 (s, 1H, CH), 4.15 (s, 4H, 

2CH2), 7.42-8.05 (m, 6H, Har.), 8.55 (s, 1H, NHcyclic) 

ppm. 
13

C-NMR (DMSO-d6): δ 14.17 (2CH3), 39.29 

(CH), 61.12 (2CH2), 126.59, 127.44, 129.00, 129.96, 

130.15, 130.50, 135.50 and 139.93 (Car.), 168.20 (C=O), 

188.86 (C=S) ppm.  

Diethyl(4-chlorophenyl)(5,7-dibromo-1-oxo-3-thioxo-

3,4-dihydroisoquinolin-2(1H)ylamino)methylphosph-

onate (8b). 

IR: v (cm
-1

)  695 (C-Br), 1172 (C=S), 1280 (P=O), 1663 

(C=O), 2955 (CHaliph.), 3065 (CHar.), 3231, 3410 (2NH); 
1
H-NMR (DMSO-d6): δ 1.20 (s, 6H, 2CH3), 2.51 (s, 1H, 

NHacyclic), 3.94 (s, 1H, CH), 4.15 (s, 4H, 2CH2), 7.40-

8.05 (m, 6H, Har.), 8.55 (s, 1H, NHcyclic) ppm.; 
13

C-NMR 

(DMSO-d6): δ 14.61 (2CH3), 39.49 (CH), 62.16 (2CH2), 

127.71, 127.84, 129.82, 129.94, 130.24, 131.63, 136.11 

and 138.51 (Car.), 167,18 (C=O), 186.14 (C=S) ppm. 

Diphenyl(6,8-dibromo-4-oxo-2-thioxo-

1,2dihydroquin-azolin-3(4H)ylamino) 

(phenyl)methylphosphonate (8c). 

IR: v (cm
-1

) 680 (C-Br), 1120 (C=S), 1260 (P=O), 1640 

(C=O), 2849 (CH), 3321 (NH); 
1
H-NMR (DMSO-d6): δ 

2.50 (s, 1H, NHacyclic), 4.01 (s, 1H, CH), 6.45-8.05 (m, 

17H, Har.), 8.55 (s, 1H, NHcyclic) ppm.; 
13

C-NMR 

(DMSO-d6): δ 53.55 (CH), 125.51, 126.35, 128.29, 

129.18, 131.73, 133.92, 134.56 and 140.73 (2Ph, Car.), 

154.33 (P-O-C), 169,22 (C=O), 185.92 (C=S) ppm.  

 Diphenyl(4-chlorophenyl)(5,7-dibromo-1-oxo-

3thioxo-3,4-dihydroisoquinolin-

2(1H)ylamino)methylphospho-nate (8d). 

IR: v (cm
-1

) 603 (C-Br), 692 (C-Cl), 1185 (C=S), 1265 

(P=O), 1640 (C=O), 2845 (CH), 3321 (NH);
1
H-NMR 

(DMSO-d6): δ   2.53 (s, 1H, NHacyclic), 4.12 (s, 1H, CH), 

6.45-8.05 (m, 16H, Har.), 8.55 (s, 1H, NHcyclic) ppm.; 
13

C-NMR (DMSO-d6): δ 53.15 (CH), 127.00, 128.84, 

129.34, 129.98, 130.33, 131.91, 136.23 and 138.85 

(Car.), 152.10 (P-O-C), 169.46 (C=O), 189.09 (C=S) 

ppm.  

Table 3. Physical and analytical data of compounds 8a-

d. 

   

Cpd

. 

 

M.

P.  

(°C

) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

           

C% 

H

% 

N

% 

8a 215

-17 

87 C19H19Br2ClN3O4PS. 1/5H2O 

 

(611.67) 

37.3

1 

37.0

5 

3.1

3 

3.0

8 

6.8

7 

6.8

2 

8b 195

-17 

89 C19H20Br2N3O4PS.1/25MeOH.1/2

0H2O 

(437.11) 

39.5

3 

39.5

1 

3.4

9 

3.3

7 

 

7.2

8 

 

5.9

6 

8c 220

-22 

80 C27H20Br2N3O4PS. 1/20H2O 

(673.31) 

48.1

6 

48.0

5 

2.9

9 

2.9

6 

6.2

4 

6.2

2 

8d 189

-91 

77 C27H19Br2 ClN3O4PS. 1/20H2O 

 (707.76) 

45.8

2 

45.7

2 

2.7

1 

2.6

8 

5.9

4 

5.9

2 

Reaction of compound 7 with 4-aminobenzoic acid. 

Formation of 9. 

A mixture of 7 (0.7g, 0.002 mol) and 4-aminobenzoic 

acid was heated in boiling phosphorus oxychloride (10 

ml) for 8 hr (tlc.). The reaction mixture was cooled to r. 

t. and neutralized by NaOH (20%). The solid formed 

was filtered off, recrystallized from ethanol to give 9, 

yield 77%, m. p. 180 °C. 

2-(4-Aminophenyl)-7,9-dibromo-10,10a-

dihydro[1,3,4]-thiadiazolo[2,3-b]quina-zolin-5-one (9)  

IR: v (cm
-1

) 695 (C-Br), 1617 (C=N), 1655 (C=O, 

cyclic), 3338 (NH2 sym), 3460 (NH2 asym). 
1
H-NMR 

(DMSO-d6): δ 4.09 (s, 2H, NH2), 6.65-8.55 (m, 6H, Har.) 

ppm.; 
13

C-NMR (DMSO-d6): δ 115.14, 118.64, 128.55, 

128.65, 129.89, 129.96, 131.70, 133.41 and 138.81 

(Car.), 153.15 (C=C), 164.32 (C=O), 170,31 (C=N) ppm. 

Analysis for C15H8Br2N4OS. 1/20 H2O (M.wt.452) 

Calcd: C, 39.85%; H, 1.78%; N, 12.39%..   Found:     

39.12%;     1.57%;     11.75%. 
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Reaction of compound 7 with triethylorthoformate. 

Formation of 10.  

A mixture of compound 7 (0.7g, 0.002 mol) and 

triethylorthoformate (0.43g, 0.003 mol) in glacial acetic 

acid (25 ml) was refluxed for 3 hr (tlc). The reaction 

mixture was cooled to r.t. The solid product that 

formed was filtered off, recrystallized from ethanol 

and dried to give 10. yield 76%, m. p. 192 °C.Ethyl 

N-6,8-dibromo-4-oxo-2-thioxo-1,2dihydroquina-

zolin-3(4H)-ylformimidate (10) 

IR: v (cm
-1

) 670 (C-Br), 1630 (C=N), 1740 

(C=Ocyclic), 1180 (C=Scyclic), 2950 (CH), 3498 (NH); 
1
H-NMR (DMSO-d6): δ 1.61 (t, 3H, J = 4.11 Hz, 

CH3), 4.10 (q, 2H, J = 2.17 Hz, CH2), 

1663(C=Scyclic) ppm.; 
13

C-NMR (DMSO-d6): δ 

14.19 (CH3), 61.52 (CH2), 126.59, 127.44, 129.00, 

130.15, 135.50 and 140.91 (Car.), 155.61 (C=N), 

167.85 (C=O), 186,72 (C=S) ppm.  

Analysis for C11H9Br2N3O2S. 1/25EtOH. 1/20H2O 

(407.08) 

Calcd: C, 32.45%; H, 2.23%; N, 10.32%.   Found:     

32.35%;      2.20%;     10.29%. 

Reaction of compound 7 with  4-benzylidene-2-

phenyloxazol-5(4H)-one. Formation of 11  

A mixture of compound 7 (0.7g, 0.002 mol) and 4-

benzylidene-2-phenyloxazol-5(4H)-one (a) (0.5g, 0.002 

mol) was boiled in glacial acetic acid for 5 hr (tlc.), The 

reaction mixture was cooled to r.t. The solid product that 

formed was filtered off, recrystallized from ethanol and 

dried to give 11. yield 60%, m. p. 210 °C. 

3-(4-Benzylidene-5-oxo-2-phenyl-4,5-

dihydroimidazol-1-yl)-6,8-dibromo-2-thioxo-

1,2,3,8atetrahydroquinazo-lin-4(4aH)-one (11). 

IR: v (cm
-1

) 705 (C-Br), 1160 (C=Scyclic), 1590 (C=N), 

1610 (C=O-N), 1665 (C=Ocyclic), 2970 (CH), 3490 

(NH);
1
H-NMR (DMSO-d6): δ 4.22 (s, 1H, NH), 7.19 (s, 

1H, CH), 7.20-8.54 (m, 12H, Har.) ppm.; 
13

C-NMR 

(DMSO-d6): δ 115.58 (CH), 125.20, 127.90, 127.95, 

128.51, 129.06, 129.19, 131.70, 135.23, 135.31, 135.73 

(Car.), 163.01 (C=Ocyclic), 172.81 (C=O), 189.77 (C=S) 

ppm.; MS (EI) m/z = (582.27, C24H14Br2N4O2S, 10%).   

Analysis for C24H14Br2N4O2S . 1/20H2O (582.27) 

Calcd: C, 49.51%; H, 2.42%; N, 9.62%.    Found:     

49.38%;      2.40%;       9.60%. 

Reaction of compound 7 with 4-chlorophenyl 

isocyanate and/or phenyl isothyocyanate. Formation 

of  12 and 14. 

To a solution of compound 7 (0.35g, 0.001 mol) in 

anhydrous pyridine (25 ml) was added 4-chlorophenyl 

isocyanate and / or phenyl isothyocyanate (0.006 mol). 

The reaction mixture was refluxed for 4-5 hr (tlc). The 

solvent was evaporated to dryness under vacuum, and 

the residual solid was recrystallized from methanol and 

dried to give 12 and / or 14, respectively.  

  1-(4-Chlorophenyl)-3-(6,8-dibromo-4-oxo-2-thioxo1-

,2-dihydroquinazolin-3(4H)-yl)urea (12). 

IR: v (cm
-1

) 1190 (C=Scyclic), 1610 (C=Ocyclic), 1660 

(C=O-NH), , 2961 (CH), 3450 (NH);
1
H-NMR (DMSO-

d6): δ 7.30-8.21 (m, 7H, Har.), 8.81 (s, 1H, NHcyclic.) 

11.72 (s, 2H, 2NHacyclic) ppm.; 
13

C-NMR (DMSO-d6): δ 

119.81, 128.61, 128.87, 129.40, 130.96, 137.78, 138.54 

and 139.02 (Car.), 149.80 (C=O), 161.08 (C=Ocyclic), 

179.01 (C=S) ppm. 

7,9-Dibromo-2-(phenylimino)-

2,3dihydro[1,3,4]thiadi-azolo[2,3-b]quinazolin-5-one 
(14).  

IR: v (cm-1) 678 (C-Br), 1610 (C=N), 1690 (C=O), 

3450 (NH); 
1
H-NMR (DMSO-d6): δ 2.41 (NH), 7.45-

8.25 (m, 7H, Har.)ppm. 
13

C-NMR (DMSO-d6): δ 125.93, 

126.02, 127.24, 128.34, 128.41, 129.26, 129.31, 129.40 

and 137.25 (Car.), 147.17 (C=N), 156.86 (C=O), 160.66 

(C-S) ppm. 

Table 4. Physical and analytical data of compounds 12 and 14. 

   

Cpd

. 

 

M.

P. 

(°C

) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

           

C% 

H

% 
N% 

12 192

-4 

57 C15H9Br2ClN4O

2S. 1/20H2O 

(504.58) 

35.7

0 

35.6

0  

1.8

0 

1.7

8 

11.1

0 

11.0

7 

14 122

-4 

71 C15H8Br2N4OS. 

1/20H2O 

(452.12) 

39.8

5 

39.7

3 

1.7

8 

1.7

6 

12.3

9 

12.3

6 

Reaction of compound 7 with chloroacetaldehyde. 

Formation of 15 

A mixture of compound 7 (0.35 g, 0.001mol) and 

chloro- acetaldehyde (0.15g, 0.002 mol) in ethanol (20 

ml) was refluxed for 3 hr (tlc). The reaction mixture was 

cooled to r.t.. The solid product that formed was filtered 

off, recrystallized from ethanol and dried to give 15. 

yield 88%, m. p. 185 °C. 

2-(3-Amino-6,8-dibromo-4-oxo-

1,2,3,4tetrahydroquin-azolin-2-ylthio)acetaldehyde 

(15). 

IR: v (cm
-1

) 730 (C-Br), 1560 (C=N), 1620 (C=Ocyclic), 

1690 (C=O), 2850 (CHar.), 3300 (NH2 sym), 3490 (NH2 

asym); 
1
H-NMR (DMSO-d6): δ  2.50 (s, 2H, NH2), 4.43 (s, 

2H, CH2), 8.15 – 8.4 (dd, 2H, J = 1.95 Hz, Har.) 9.70 (s, 

1H, CH) ppm. 

Analysis for C10H7Br2N3O2S. 1/20H2O (393.05) 

Calcd: C, 30.56%; H, 1.80%; N, 10.69%. Found:     

30.46%;      1.77%;      10.66%. 

Reaction of 7 with some Sultones. Formation of 

18a,b.  
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Compound 7 (0.35g, 0.001mol) was fused with 1,3-

propane- and/or 1,4-butane-sultone (0.002 mol) at 180°C  

for 4-6 hr (tlc). The residual solid was recrystallized 

from ethanol and afforded the corresponding sultams 

18a  and 18b, respectively. 

6,8-Dibromo-2-thioxo-

2,3dihydroquinazolinoylpr-opane -1,3-sultam 

(18a). 

IR: v (cm
-1

) 685 (C-Br), 1120 (C=S), 1151-1360 

(SO2), 1710 (C=Ocyclic), 3390 (NH); 
1
H-NMR 

(DMSO-d6): δ 1.20 (m, 2H, CH2), 3.01(d, 2H, J = 

2.01 Hz,CH2), 3.20 (d, 2H, J = 2.21 Hz, CH2), 4.15  

(NH), 7.80 – 8.51 (dd, 2H, J = 2.75 Hz, Har.) ppm. ; 
13

C-NMR (DMSO-d6): δ 14.17 (CH2), 39.29 (CH2), 

61.12 (CH2), 126.59, 127.49, 129.00, 130.15, 

139.93 (Car.), 168.20 (C=O), 188.86 (C=S) ppm. 

6,8-Dibromo-2-thioxo-

2,3dihydroquinazolinoylb-utane-1,4-sultam 

(18b). 

IR: v (cm
-1

) 690 (C-Br), 1120 (C=S), 1156-1350 (SO2), 

1670 (C=Ocyclic), 3400 (NH); 
1
H-NMR (DMSO-d6): δ 

1.21 (m, 2H, CH2), 2.01 (m, 2H, CH2), 2.95 (d, 2H, J = 

2.14 Hz, CH2), 3.15 (d, 2H, J = 2.71 Hz, CH2), 4.70 

(NH), 7.90 – 8.53 (dd, 2H, J = 2.99 Hz, Har.) ppm.; 
13

C-

NMR (DMSO-d6): δ  19.17 (CH2), 21.29 (CH2), 47.51 

(CH2), 50.51 (CH2), 126.69, 129.96, 130.15, 135.35, 

139.93 (Car.), 160.27 (C=O), 186.45 (C=S) ppm.  

Table 5. Physical and analytical data of compounds 

18a,b. 

   

Cpd

. 

 

M.P

. 

(°C) 

Yiel

d 

(%) 

M.F. 

(M. wt.) 

M.A. ( %); 

Calcd/Found 

          

C% 
H% N% 

18a 192

-4 

61 C11H9Br2N3O3S

2 . 1/20H2O 

       (455.15) 

29.0

3 

28.9

4 

1.9

9 

1.9

7 

9.2

3 

9.2

0 

18b 122

-4 

89 C12H11Br2N3O3

S2 . 1/20H2O 

       (469.17) 

30.7

2 

30.6

3 

2.3

6 

2.3

4 

8.9

6 

8.9

3 

 

BIOLOGICAL ACTIVITY 

Antimicrobial activity of some selected compounds (4a 

and 5) were determined against Escherichia coli 

(NCIM2065) as gram-negative bacteria, S. ureus as 

gram-positive bacteria and Candida albicans as fungi. 

The inhibition zones were measured in triplicates by 

standard methods using Cut plug method.
18,19

 It was 

found compound 5 exhibited the highest inhibition zone 

against E. coli. 

Conclusion 

In this work. It is reported the preparation of some new 

quinazoline-4-ones derivatives for testing their 

biological activity bactericides. The results indicated that 

some of them showed activity against different types of 

bacteria.  
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 ثبنهغخ انؼشثُخ  انًهخض

 أفشاذ يسًذ ششف –أزًذ أزًذ انجشثشٌ 

 انقبهشح -خبيؼخ طُطب  –كهُخ انؼهىو  –قغى انكًُُبء 

 كًىاد أونُه 7و 1وهًب انًشكجبٌ    رسضُش ثؼض يشزقبد انكُُبصونىَبدرى 

ٔثالثٗ اٚثٛم أيٍٛ ػُذ دسخخ حشاسح انغشفخ يؼؽٛب يشزك اندهٕكٕثٛشإَصٚم  DMFيغ االسٛزٕ ثشٔيٕ خهٕكٕص فٗ ٔخٕد  1رى ركبثف انًشكت 

 S .(2)انًمبثم ػهٗ انًٕظغ 

( يغ كم يٍ االٚثٛم 1(. ػُذ صٓش انًشكت )3a-cيغ ثؼط ْبنٛذاد االكٛم رزكٌٕ يشزمبد االنكٛم ثٕٛ انًمبثهخ ) 1ػُذ رمهٛت انًشكت 

 كهٕسٔفٕسيبد ٔاالٚثٛم كهٕساسٛزبد ٔاالٚثٛم اسٛزٕ اسٛزبد ٚزكٌٕ يشكجبد االنكٛم ثٕٛ انًمبثهخ

 5 and 4a,b( يغ ثُبئٙ فُٛٛم ثُبئٙ أصٔ انًٛثبٌ 1. ػُذ غهٛبٌ انًشكت ) ٙ( يغ ثؼط 7ٚزكبثف انًشكت ) .6فٗ انجُضٍٚ اناليبئٙ فبَّ ٚؼؽ

أيُٕٛ حًط انجُضٔٚك فبَّ ٚؼؽٙ يشزك -4( يغ 7. ٔػُذ يؼبندخ انًشكت )8a-dفُٛٛم( انفٕسفبٚذ فبَّ ٚؼؽٙ –االنذْٛذاد فٗ ٔخٕد ثالثٙ )اٚثٛم 

 ( .9ثٛبدٚبصٔنٕكُٛبصٔنٌُٕٛ انًمبثم )

 (.10اٚثٛم انفٕسيبد فٗ ٔخٕد حًط انخهٛك انثهدٙ فبَّ ٚؼؽٙ )( يغ ثالثٙ 7ٔػُذ غهٛبٌ انًشكت )

كهٕسٔفُٛٛم اٚضٔسٛبَبد ٔفُٛٛم -4( يغ 7(. ػُذ رفبػم انًشكت )11فُٛٛم أكضاصٔنٌٕ نٛؼؽٙ )-2-ثُضٚهٛذٍٚ-4( يغ7ػُذ رفبػم انًشكت )

 .  14,12اٚضٔثٕٛسٛبَبد نٛؼؽٙ 

 . 15فٗ ٔخٕد االٚثبَٕل فبَّ ٚؼؽٙ ( ٔ كهٕسٔ اسٛزبنذْٛذ 7ػُذ غهٛبٌ يخهٕغ يٍ انًشكت )

و381سبنزٌٕ ػُذ دسخخ حشاسح  )ثٕٛربٌ -4،3ثشٔثبٌ /-1,3 (يغ( 7)ػُذ صٓش انًشكت 
ο

 . (18a,b) فبَّ ٚؼؽٙ انسبنزبيبد انًمبثهخ 

 رى اخزجبس انفبػهٛخ انجٕٛنٕخّٛ نجؼط انًشكجبد ردبِ ثؼط إَٔاع يٍ انجكزٛشٚب ٔٔخذ نٓب فبػهٛخ يُبسجخ.
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Abstract: Orange peels are a rich source of flavonoids including hesperidin which is a glycosidic flavonoid with many 

biological activities. The aim of this study is isolation of high quality hesperidin from some Egyptian citrus fruits peels to 

evaluate its antioxidant activity in vitro as a tool to elucidate its mechanism of action for therapeutic applications. In the 

present study hesperidin was extracted from different citrus fruits peels, subjected to ferric chloride and Shinoda test for 

flavonoids and measured for its melting point. Thin layer chromatography (TLC) was used for identification of hesperidin 

and FTIR spectrum was also recorded.  In addition, isolated hesperidin was studied for its antioxidant activity and radical 

scavenging capacity by using 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH), phosphomolybdate and reducing power 

assays. Also concentration of total phenols and flavonoids were estimated in different citrus peels methanol extracts. The 

results showed that isolated hesperidin and also standard hesperidin gave Rf value 0.9 in solvent system n–butanol: acetic 

acid: water (3:1:1) and IR spectrum indicated the presence of hesperidin functional groups. The highest percent yield of 

hesperidin was 4.1% that obtained from sweet orange peels. Also, it was found that sweet orange peels have the highest 

phenolic and flavonoids content as compared to other citrus species peels. Moreover, Antioxidant effect of methanol extract 

of sweet orange peels and extracted hesperidin using DPPH achieved 50% DPPH radical scavenging activity at 0.215 and 

5.6 mg/ml respectively.  In addition the reducing power and total antioxidant capacity of sweet orange peels methanol 

extract and isolated hesperidin were increased with increasing the concentration. In conclusion, Egyptian citrus peels are a 

rich source of the antioxidant hesperidin. 

Key words: Citrus fruits, Hesperidin, Phenols, Flavonoids, DPPH, Antioxidants. 

Introduction: 

Antioxidants are vital substances which protect the 

body from damage caused by free radical-induced 

oxidative stress. Free radicals can be generated from 

metabolic pathways within the body and also can be 

introduced from external sources as drugs, food, UV 

radiation and environmental pollution (Wani and 

Kumr., 2015). These free radicals attack unsaturated 

fatty acids of biomembranes, resulting in lipid 

peroxidation and desaturation of proteins and DNA, 

causing a series of dangerous changes in the biological 

systems (Moukette et al., 2015), so free radicals can 

lead to several diseases such as liver cirrhosis, 

atherosclerosis, diabetes, cancer, also the development of 

neuro-degenerative disorders, such as Alzheimer’s and 

Parkinson’s and play an important role in ageing 

(Anagnostopoulou et al., 2006). 

Antioxidant supplements or antioxidant-rich foods 

are used to help the human body reduce oxidative 

damage from free radicals (Raboso et al., 2015). There 

are many synthetic antioxidants that are widely used in 

the pharmaceutical and food industry but they have been 

shown to have toxic and mutagenic effects (Chung et al., 

2005). Recently, the isolation and the development of 

natural antioxidants such as polyphenols and flavonoids 

attract the interest of researches (Matusiewicz et al., 

2015). 

Citrus fruits are an important source of bioactive 

compounds including antioxidants as flavonoids and 

phenolic compounds (Jayaprakasha et al., 2007). It was 

found that flavonoids are class of plant secondary 

metabolites, which are synthesized as an adaptive 

response to stress conditions as infection, wounding, 

water stress, cold stress and occur both in the free state 

and as glycoside (Tiwari., 2001).They have many 

biological properties including antimicrobial, 

antioxidant, and anticancer effects (Albuquerque et 

al.,2014). Their activity as antioxidants refers to their 

ability to transfer a hydrogen atom or an electron and to 

the possibility of their interactions with other 

antioxidants (Rice-Evans., 2000). 
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Hesperidin is a flavanone glycoside comprising of an 

aglycone, hesperetin and an attached disaccharide, 

rutinose. The disaccharide unit is composed of one 

molecule of rhamnose and one of glucose (Garget al., 

2001). It is the predominant flavonoid in citrus species, 

occurring mainly in the peel and membranous parts of 

oranges and the lemons (Aghel et al., 2008). 

In addition, it has many biological effects including 

decreasing capillary fragility, anti-inflammatory, 

antimicrobial, antioxidant, and anti-carcinogenic effects 

(Roohbakhsh et al., 2015).Moreover, many studies 

reported that hesperidin induced apoptotic cell death in 

gastric cancer (Park et al., 2008), colon cancer (Ismai et 

al., 2012), breast cancer (Natarajan et al., 2011) and 

lung cancer (lee et al., 2012). 

The aim of this study was to isolate of hesperidin 

from some Egyptian citrus fruits peels to evaluate its 

potential antioxidant activity for therapeutic applications.  

Material and methods: 

1. Plant materials:  

Citrus fruits of sweet orange (Citrus sinensis L.), 

bitter orange (Citrus aurantium L.), navel orange (Citrus 

sinensis var.Washington Navel), mandarin (Citrus 

reticulate) and lemon (Citrus aurantifolia) were 

collected from local market in Tanta, Egypt, in the month 

of January 2015.They were washed well using tap water 

and the peels were separated by cutting them into small 

pieces and were dried under shade. The dried samples 

were grinded using a grinder, to obtain the powdered 

form. 

2. Chemicals: 

 

Gallic acid, Quercetin, Ascorbic acid, DPPH and 

Dimethyl sulfoxide were from Sigma Aldrich (USA). All 

other chemicals used were of high grade. 

 Two essential oils were tested, namely comphor 

(Cinnamomum camphora) and onion (Allium cepa). All 

oils, obtained from El-Kaptain Company, Egypt, were 

authorized by the Egyptian Ministry of Health for 

different human uses. Lemon juice was taken from citrus 

of lemon, Sadjjadi et al., (2006). 

3. Isolation of hesperidin: 

Hesperidin was isolated by Soxhlet apparatus 

according to the method of Sharma (Sharma et al., 

2013). Firstly, delipidation of citrus peels powder by 

petroleum ether (40 – 60°C), then extraction of 

glycosides by methanol till the solvent leaving the 

extraction sleeve was colorless (1 to 2 hours). The 

extract was evaporated at the rotary evaporator until 

syrup consistency was reached. The residue was mixed 

with 50 mL of 6% acetic acid and the precipitated solid 

was the crude hesperidin. It was sucked off with a 

Buechner funnel, washed with 6% acetic acid, for 

recrystallization, a 5% solution of the crude product in 

dimethyl formamide was produced under stirring and 

heating to 60–80 °C. Afterwards the same amount of 

water was added slowly whilst stirring and was cooled to 

room temperature to precipitate the hesperidin. It was 

sucked off, washed with little warm water. 

4. Identification of hesperidin: 

The isolated hesperidin was subjected to ferric 

chloride test and Shinoda test for flavonoids (Markham 

1982).In addition, the isolated hesperidin was also 

measured for its melting point. Thin layer 

chromatography (TLC) was also used for identification 

of hesperidin, using the common solvent system for 

identification flavonoids, n-butanol: acetic acid: water 

(3:1:1) (Sharma et al., 2013). FTIR spectrum was 

recorded. Briefly, light yellow acicular crystals were 

blended with potassium bromide. A JNS-CO spectrum 

system 4100 LE FTIR spectrometer (Japan) was used for 

the analysis in the range between 4000 cm 
-1

 and 400 cm 
-1

 at a resolution of 4 cm 
-1 

(Liu et al., 2010). 

 5. Phytochemical tests for different citrus peels 

methanolic extract: 

Methanol extract of citrus peels was subjected to 

phytochemical evaluation of phenolics and flavonoids.   

5.1 Determination of total phenol content: 

Total phenolic contents were determined by the Folin 

– Ciocalteu method (Meda et al., 2005). Briefly, 0.1 ml 

of different concentrations of methanolic extract were 

added to 2.8 ml of distilled water, 2 ml of Na2CO3 (20% 

w/v) and 0.1 ml Folin reagent. The set tubes were 

incubated 30 min at room temperature and absorbance 

was measured at 750 nm. Total phenol values are 

expressed in terms of gallic acid equivalent. 

5.2 Determination of total flavonoid content: 

Flavonoids concentration was estimated using 

colorimetric aluminum chloride method (Chang et al., 

2002). Briefly, 0.3 ml of different concentrations of 

methanolic extract were added to 1.5 ml alcohol (95% 

v/v), 3 ml distilled water, 0.1 ml potassium acetate (1M) 

and 0.1 ml of AlCl3 (10% w/v). The set tubes were 

incubated at room temperature for 40 min and 

absorbance was measured at 415 nm. Total flavonoid 

contents were calculated as quercetin equivalent. 

6. Determination of antioxidant activities of citrus 

peels methanolic extract and isolated hesperidin: 

6.1 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH) 

assay: 

The free radical scavenging activity of hesperidin 
was measured with 2, 2-diphenyl-1-picrylhydrazyl 
radical (DPPH) (Molyneux. 2004). Briefly, 0.1ml of 
different concentrations of sample was added to 3.9 ml 
of DPPH solution (0.003% w/v). The mixture was 
shaken vigorously and allowed to stand in the dark at 
room temperature for 1 hour. The decrease in absorbance 
of the resulting solution was monitored at 515 nm 



Marian Nabil                                                               Antioxidant effect of hesperidin isolated from orange peels  

105 

spectrophotometrically after 1 hour of reaction. Ascorbic 
acid was used as a standard antioxidant. IC50 was 
calculated as the concentration of sample that scavenges 
50% of DPPH radical and was compared to the standard 
ascorbic acid. 

6.2 Reducing power assay: 

The reducing power of hesperidin was measured 
according to Oyaizu et al. (1986). Briefly, 0.5 ml of 
different concentrations of sample was added to 1.25 ml 
phosphate buffer (0.2 M, pH 7.6) and 1.25 ml potassium 
ferricyanide [k3 Fe(CN)6] (1% w/v) and then the mixture 
was incubated at 50 

0
C for 30 min. afterwards, 1.25 ml of 

trichloroacetic acid (10% w/v) was added, and 
centrifuged at 3000 rpm for 10 min. Finally, 1.25 ml of 
upper layer solution was taken and diluted twice with 
distilled water then 0.25 ml of FeCl3 (0.1 % w/v) was 
added and the absorbance was measured at 700 nm. 
Ascorbic acid was used as standard antioxidant. The 
reducing power was estimated directly from absorbance 
and higher the absorbance, higher will be the reducing 
activity. 

6.3  Phosphomolybdate assay: 

Total antioxidant capacity was measured according to 
method of Prieto et al. (1999). Antioxidant capacity was 
expressed as ascorbic acid equivalent. Briefly, 0.2 ml of 
sample extract was added to 2 ml of reagent solution. 
The mixture was mixed and incubated at 95 

0
C for 90 

min then absorbance was measured at 695 nm. 

Results: 

The isolated hesperidin showed a positive ferric 
chloride and Shinoda test for flavonoids, which are wine 
red color and pink color respectively and with melting 
point 253

◦
C.  In addition, isolated hesperidin and also 

standard hesperidin gave Rf value 0.9. The IR spectrum 
as a KBr disk showed a strong band of OH str at 3448 cm 
-1

, CH (aliphatic) at 2928 cm 
-1

, C=C (aromatic) at 
1654,1517,1441,1365 cm 

-1
 , C=O str at 2104 cm 

-1
, C-O 

str at 1366,1286,1242,1195,1066 cm 
-1

Fig. (1). 

The results indicated that, the highest percent yield of 
hesperidin was 4.1% that obtained by isolation from 
sweet orange peels, followed by peels of navel orange, 
bitter orange, mandarin  and lemon that were  3.8%, 
3.5%, 3%, 1.7% respectively Table (1). 

Moreover, Table (1) showed that sweet orange peel 
had the highest phenolic content with the value 1035.6 ± 
0.2 mg gallic acid equivalent/ 100 g of dry weight 
followed with peels of mandarin, bitter orange, navel 
orange and lemon which were 870 ± 0.18, 800.4 ± 0.13, 
740.4 ± 0.12 and 601.2 ± 0.1mg gallic acid equivalent/ 
100 g of dry weight respectively. Also, sweet orange 
peels showed the highest value of total flavonoid content 
402 ± 0.1 mg quercetin equivalent/ 100 g of dry weight 
followed with peels of mandarin, bitter orange, navel 
orange and lemon that were298.8 ± 0.25, 252 ± 0.13, 
244.8 ± 0.2 and 150 ± 0.12 mg quercetin equivalents/ 
100 g of dry weight respectively. 

The DPPH radical scavenging activity of different 
citrus peels methanolic extract was evaluated and the 
concentration which scavenged 50% of DPPH radical 
was shown in Table (1). It was found that, the IC50 of 
sweet orange peels was 0.215 mg/ml followed with 
mandarin, bitter orange, navel orange and lemon, which 
were 0.291, 0.334, 0.345 and 0.384 mg/ml respectively 
which indicates that sweet orange peels had the highest 
DPPH radical scavenging activity. The concentration of 
isolated hesperidin and standard ascorbic acid that 
scavenges 50% of DPPH radical were 5.6 and 0.05 
mg/ml respectively Fig. (2). 

Fig. (3) shows the reducing power of sweet orange 
peels methanol extract, isolated hesperidin and ascorbic 
acid, indicating that the reducing power increased with 
increasing the concentration. Also, it was shown that 10 
mg/ml hesperidin was found to be the best concentration 
which exhibits the most reducing power when compared 
with 0.345 mg/ml of the sweet orange peels methanolic 
crude. The reducing power was estimated as the 
absorbance at 700 nm. 

Total antioxidant capacity of sweet orange peels 
methanol extract and isolated hesperidin were evaluated 
by reference to standard curve of ascorbic acid. It was 
indicated that 10 mg of hesperidin gave the highest total 
antioxidant capacity when compared with 0.6904 mg 
phenol/ml of sweet orange peels methanolic crude. The 
total antioxidant capacity increases with increasing the 
concentration Fig. (4). 

Table 1. Hesperidin yield, total phenol content, total 

flavonoids content and IC50. 

Citrus peels Hesperidin 

yield % 

     Phenol 

content* 
Flavonoi

ds 

content*

* 

IC50
*** 

Sweet 

orange 

(Citrus 

sinensis L.) 

4.1 1035.6 

± 0.2 

402 

± 0.1 

0.215 

Bitter 

orange 

(Citrus 

aurantiumL.) 

3.5 800.4 

± 0.13 

252  

±0.13 

0.334 

Navel 

orange 

(Citrus 

sinensisvar.

Washington 

Navel) 

3.8 740.4 

± 0.12 

244.8 

±0.2 

0.345 

Mandarin 

(Citrus 

reticulate) 

3 870 

±0.18 

298.8 

±0.25 

0.291 

lemon 

(Citrus 

aurantifolia) 

1.7 

 

601.2 

± 0.1 

150 

±0.12 

0.384 

* mg gallic acid equivalent/100g dry weight, **mg quercetin 

equivalent/100g dry weight and ***mg/ml. 
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Fig. (1): IR spectra of isolated hesperidin.          

 

Fig (2): % DPPH radical scavenging activity of (a) isolated 

hesperidin, (b) sweet orange peels methanol extract and (c) 

ascorbic acid. 

 

Fig (3): Reducing power of (a) isolated hesperidin, (b) sweet 

orange peels methanol extract and (c) ascorbic acid, 

expressed as absorbance at 700 nm. 

 

Fig (4): Total antioxidant capacity of (a) isolated hesperidin 

and (b) sweet orange peels methanol extract. 

 

Discussion:   

Plants have been used throughout the ages by humans 
as a source of food and medicine. Also, plant products 
play an important role in health care systems because 
they have many biological activities as antioxidant 
properties. The plants of the genus (Rutaceae) are widely 
distributed in most countries and considered as a rich 
source of flavonoids. Hesperidin, a flavanone type 
polyphenolic bioflavonoid, is found in epicarp, 
mesocarp, endocarp and juice of different citrus fruits. In 
addition, it was reported to present in high levels in the 
peels, albedo, membranes and the pith, while its 
concentration was very low in the vesicles, juice and 
seeds (Garget al., 2001; Lu et al., 2006). Moreover, it 
has been isolated in large amounts from the discarded 
rinds of Citrus sinensis (L) and it has also been reported 
from other citrus species asCitrus aurantiumL. and 
Citrus reticulate Blanco (Garget al., 2001). 

In this study, we isolated hesperidin from different 
citrus peels and studied for its antioxidant activity using 
DPPH radical, reducing power and phosphomolybdate 
assays.  

Our results showed that sweet orange peels gave the 
highest yield of hesperidin 4.1%, which is better than 
another study yield which was 0.94% (Sharma et al., 
2013). Also, the isolated hesperidin showed a positive 
ferric chloride and Shinoda test for flavonoids, indicating 
that the compound may be a flavonoid which is in 
accordance with other results (Aghel et al., 2008; 
Sharma et al., 2013). Also, its melting point was 253

◦
C. 

Natural hesperidin normally extracted with its chalcone 
which can vary the melting point from 243 to 257 

o
C 

depending on different isolation conditions, in contrast to 
chemically synthesized colorless hesperidin crystals 
which melting at 261-262 

o
C (Hendrickson and 

Kesterson, 1954). Moreover our results indicated that 
isolated hesperidin and also standard hesperidin gave Rf 
value 0.9 in solvent system n–butanol : acetic acid : 
water (3:1:1)that is has also been shown in other studies 
(Sharma et al., 2013;  
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Bigoniya and Singh, 2014). The IR spectrum showed a 

strong band of OH str at 3448 cm 
-1

, C=O str at 2104 cm 
-

1
and C-O str at 1366,1286,1242,1195,1066 cm 

-1
which 

indicates that the compound is hesperidin and it is in 

agreement with other results (Aghel et al., 2008; 

Bigoniya and Singh, 2014). 

The total phenolic content was estimated using Folin 

– Ciocalteu reagent and sweet orange peels had the 

highest phenol concentration while lemon peels had the 

lowest. Moreover, the total flavonoid content was 

evaluated using colorimetric aluminum chloride method 

and sweet orange peels had the highest flavonoids 

concentration as compared to lemon peels. 

It was indicated that defense mechanisms and 

antioxidants scavenge free radicals and reactive oxygen 

species which damage biological systems that can lead to 

cardiovascular and malignant diseases (Bartosz., 1995).  

The most common natural antioxidants are flavonoids 

and phenols. Flavonoids are naturally occurring phenolic 

phytochemicals, which have been reported to have many 

biological properties in vitro (Albuquerque et 

al.,2014).Flavonoids’ activity as antioxidants refers to 

their ability to transfer a hydrogen atom or an electron 

and to the possibility of their interactions with other 

antioxidants (Bors et al., 1990; Rice-Evans. 2000). 

The antioxidant properties of hesperidin result from 

their chemical structure: hydroxyl and methoxy system, 

reciprocal configuration of the double bond and the 

carbonyl group of the C ring, and configuration of the 

hydroxyl group and the double bond (Piskula, 2002). All 

the mentioned structural conditions may be found in a 

hesperidin molecule which, in the in vitro systems 

efficiently scavenges hydroxyl radical (OH
•
), superoxide 

radical (LOO
•
 ), superoxide anion radical (O2 

•-
 ), singlet 

oxygen (
1
O2), and nitrogen oxide (NO

•
 ) (Mishra. 2013). 

High reduction of DPPH radical is related to the high 

scavenging activity performed by the sample (Blois, 

1958).The antioxidant activity increases with the 

presence of high concentration of total poly phenol 

content (Jayaprakasha et al., 2008).The high phenolic 

and flavonoid content of sweet orange peels could be the 

main reason for its high antioxidant activity towards 

DPPH radical. In addition, it can be stated that hesperidin 

have the ability to scavenge free radicals and could serve 

as a strong free radical inhibitor or scavenger due to its 

chemical structure, which is in accordance with other 

studies (Mishra., 2013 ; Wilmsen et al ., 2005). 

The reducing power has been used as one of the 

antioxidant activity indicators of plants (Bhandari and 

Kawabata. 2004). This assay is pragmatic to evaluate 

the reducing capacity of the crude extracts as well as the 

pure compounds (Komal et al., 2015). In the reducing 

power assay, the presence of reductants (antioxidants) in 

the tested samples resulted in the reduction of the 

Fe
3+

/ferricyanide complex to the ferrous form (Fe
2+

). The 

amount of Fe
2+

complex can therefore be monitored by 

measuring the formation of Perl’s Prussian blue at 700 

nm (Chung et al., 2005).This indicating that hesperidin 

was electrons donors and could react with free radicals, 

converting to more stable products and terminate the 

radical chain reaction. Increase in the absorbance 

indicates an increase in the antioxidant activity 

(Jayaprakash et al., 2001) which is in agreement with 

another study (Mishra., 2013).  

Total antioxidant capacity assay is a spectroscopic 

method for the quantitative determination of antioxidant 

capacity, through the formation of phosphomolybdenum 

complex. The assay is based on the reduction of Mo (VI) 

to Mo (V) by the sample and subsequent formation of a 

green phosphate Mo (V) complex at acidic PH. It was 

found that hesperidin had high total antioxidant capacity 

also due to its ability to donate electrons (Prietoet al., 

1999). 

In addition, such dietary antioxidant, hesperidin may 

be particularly important in protecting cellular DNA, 

lipids and proteins from free radical damage. It has been 

reported that the antioxidant activity of phenolic 

compounds may result from the neutralization of free 

radicals initiating oxidation processes, or from the 

termination of radical chain reactions, due to their 

hydrogen donating ability (Baumann. et al., 1979). 

Conclusion: 

In the current study we examined the antioxidant 

potential of isolated hesperidin and five commonly 

available citrus peels methanol extracts by assessment of 

its phenolic and flavonoids contents which showed that 

sweet orange peel is a rich source of both contents. Also, 

scavenging of DPPH radicals, reducing power and 

phosphomolybdate assays showed the effectiveness of 

citrus peels methanolic extract and isolated hesperidin. 

Recycling of fruit waste is one of the most important 

means of protecting the environment from its toxic 

effect, utilizing it to yield new products and meeting the 

requirements of essential products required in human 

nutrition as well as in pharmaceutical industry. Egyptian 

citrus peels are a rich source of antioxidants as 

hesperidin which has many biological effects and it will 

be studied later for its anticancer effect. 
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انًضبد نألكغذح نههُغجُشَذٍَ انًؼضول يٍ قشىس انجشرقبلنزأثُش ا  

 يبسَبٌ َجُم خشخظ

خبيؼخ ؼُؽب –كهٛخ انؼهٕو  -لسى انكًٛٛبء  

. انجٕٛنٕخٛخ األَشؽخ يٍ انؼذٚذ نّخهٛكٕسٛذ٘  فالفَٕٕٚذ ْٕٔ ٓٛسجٛشٚذٍٚان رنك فٙ ثًب بنفالفَٕٕٚذث غُٙ يصذسآَب   انجشرمبل لشٕسرزًٛض    

 ّػًه آنٛخ نزٕظٛح نألكسذح انًعبدح َشبؼّ نزمٛٛى انًصشٚخ انحًعٛبد لشٕس ثؼط يٍ ٓٛسجٛشٚذٍٚان ػضل ْٕ انذساسخ ْزِ يٍ انٓذف

ٔانزؼشف ػهّٛ ثؼًم  ،نًخزهفخ ا انحًعٛبد لشٕس يٍ انٓٛسجٛشٚذٍٚ اسزخشاج رى انذساسخ ْزح فٙ. انًخزهفخ انؼالخٛخ نزؽجٛمبدالسزخذايّ فٗ ا

رّ ٔلذس نهٓٛسجٛشٚذٍٚ نألكسذح انًعبدح انُشبغ دساسخ رى رنك، إنٗ ٔثبإلظبفخ. أٚعب FTIR ٔ (TLC) ٔ بنفالفَٕٕٚذث ثؼط انزدبسة انخبصخ ثب

  رمذٚش رى كًب. رؼٍٛٛ لذسرّ االخزضانٛخٔ DPPHٔ phosphomolybdate  ؼشق يخزهفخ ْٔٗ   ثبسزخذاو ػهٗ انزخهص يٍ انشمٕق انحشح 

 Rf لًٛخ أػؽٗ انمٛبسٙ ٔأٚعب ًؼضٔلان ٓٛسجٛشٚذٍٚان أٌ انُزبئح ٔأظٓشد. انحًعٛبد لشٕس يخزهف فٙ ٔانفالفَٕٛذاد انفُٕٛالد رشكٛضاخًبنٗ 

 ٔخٕد إنٗ أشبسد ٛخ انؽٛف انحًشاء رحذ األشؼخٔاٚعب  TLCٔفٗ اخزجبس  ( 3: 3: 1) يبء: انخهٛك حًط: ثٕٛربَٕل ٌا انًزٚجبد َظبو فٙ 1.0

 أٌ ٔخذ لذ أٚعبٔ انحهٕ انجشرمبل لشٕس يٍ٪ 4.3 ثُسجخ ٓٛسجٛشٚذٍٚان ٔػالٔح ػهٗ رنك رى انحصٕل ػهٗ . انٕظٛفٛخ ٓٛسجٛشٚذٍٚان يدًٕػبد

ٔيٍ . األخشٖ انحًعٛبد إَٔاع لشٕس يغ ثبنًمبسَخ انفالفَٕٕٚذ ٔيشكجبد هفُٕٛلن رشكٛض أػهٗ نذٚٓب انحهٕ انجشرمبل مشٕسن يسزخهص انًٛثبَٕل

٪ 01 حممذج انًسزخش ٓٛسجٛشٚذٍٚانٔ انحهٕ انجشرمبل لشٕس يٍ انًٛثبَٕل نًسزخهص نألكسذح انًعبد زأثٛشان اندذٚش ثبنزكش أظحذ انُزبئح اٌ 

DPPH انزخهص يٍ انشمٕق انحشح   لٕح اصدادد رنك إنٗ ٔثبإلظبفخ. انزٕانٙ ػهٗ يم/  هٛدشاو يه 0.5 ٔ 1.230 فٙانًعبد نالكسذح   انُشبغ

ٔخالصخ ْزا انجحث رفٛذ . انزشكٛض ضٚبدحث ًؼضٔلان ٓٛسجٛشٚذٍٚانٔ انحهٕ انجشرمبل مشٕسن نهًسزخشج انًٛثبَٕنٗ  نألكسذح انًعبدح انمذسح ٔإخًبنٙ

 .نألكسذح ًعبدحان نهٓٛسجٛشٚذٍٚ غُٙ يصذس ْٙ انًصشٚخ انحًعٛبد لشٕس ثأٌ 
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Abstract: Photocatalytic TiO2 coating was synthesized on glazed ceramic tiles by suitable thermal treatment. The 

structural and morphological properties were investigated by X-ray diffraction (XRD) and scanning electron microscopy 

(SEM). The photocatalytic effect was investigated in fighting against fungal and bacterial growth under sunlight irradiation 

for the purpose of manufacturing ceramic tiles that are fungal and bacterial resistant to be used in the lining of water 

treatment storage reservoirs and swimming pools. 
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Introduction: 

       In the recent years, scaling optical and electronic 

properties of nanomaterials focused attention on the 

preparation of nanoparticle semi-conductors
[1]

. Well-

dispersed titania nanoparticles with very fine sizes are 

promising in many applications such as pigments, 

adsorbents and catalytic supports
[2-4]

. In almost all of 

these cases, when the particle size is reduced greatly to 

nano scales, some novel optical properties are expected 
[5]

.  

     Photocatalysis is a promising technology for the 

purification of pre-treated and non-biodegradable 

wastewater
[6]

. Photocatalysts have been widely used for 

the decomposition of harmful compounds in 

environment
[7]

. Among different photocatalytic 

materials, titania (TiO2) is the most attractive material 

due to its unique properties like high chemical stability, 

non-environmental impact, and low cost
[8]

. So,TiO2 is 

being used in different applications such as disinfection 

and detoxification of water and waste water, air 

purification, anti-fogging surfaces, self-cleaning 

surfaces, self-sterilizing surfaces, amongst other 

applications
[8-10]

. TiO2 is an effective material for the 

degradation of dyes from waste water
[11,13]

. 

      Titanium dioxide exists in both crystalline and 

amorphous forms and mainly exists in three crystalline 

polymorphos, namely, anatase, rutile and brookite. 

Anatase and rutile have a tetragonal structure, whereas 

brookite has an orthorhombic structure
[14]

. The 

immobilization of TiO2 nanoparticles on an appropriate 

support has been widely accepted since it could help to 

eliminate the costly phase separation processes and to 

promote the practicality of such catalysts as an industrial 

process. The photocatalytic activity of immobilized TiO2 

particles on macroporous ceramic alumina foams has 

been reported
[15]

. It was found that reticulated 

macroporous ceramic foam with an open three-

dimensional structure assure low flow resistance and 

improves light penetration and fluid flow. This offers a 

promising support for photocatalytic applications and 

water purification systems.  

TiO2 thin films have found application in dye-sensitized 

solar cells (DSSC) because of their interconnected pore 

networks and large surface area, which allows sufficient 

dye adsorption and efficient light harvesting. Hence, the 

performance of such cells depends on the nature of 

porous structure and average particle size
[16-21]

.  

     The aim of this paper is to synthesize TiO2 

nanoparticles and coatings applied on the surface of 

glazed ceramic tiles by using a sol–gel method. Anatase 

is the most widely used photocatalytic agent because of 

its high photocatalytic activity, non-toxicity and 

durability. Native solar energy can be used as a clean 

energy source to inhibit surface growth of fungi and 

bacteria on lining materials used in storage water 

reservoirs.  

     White ware is a generic term for ceramic products 

which are usually white and of fine texture. Glazing is 

important in white wares. A glaze is a thin coating of 

glass melted onto the surface of porous ceramic ware. It 

contains ingredients of two distinct types in different 

proportions: i) refractory materials such as feldspar, 

silica and china clay, ii) fluxes such as soda, potash, 
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fluorspar and borax. Nepheline syenite permits firing at a 

lower temperature. The glaze may be put on by dipping, 

spraying, pouring, or brushing
[22]

. Once the raw materials 

are processed, a number of steps take place to obtain the 

finished product. These steps include batching, mixing 

and grinding, spray-drying, forming, drying, glazing, and 

firing. Many of these steps are now accomplished using 

automated equipment.  

 

Material and methods: 

2.1 Preparation of TiO2 nanoparticles 

     TiO2 nanoparticles were prepared by sol-gel 

method
[23]

. In a typical method, 4 ml of titanium (IV) 

isopropoxide was added to 80 ml bi-distilled water 

during vigorous stirring. Then 5 ml of acetic acid and 0.4 

ml of nitric acid were added during continuous stirring of 

the sol at constant heating at 80°C for 4-5 hours.  

     Immobilization of TiO2 nanoparticles on silica gel 

(TiO2/SiO2) was done by adding appropriate amounts of 

silica gel powder during sol-gel formation process. The 

complete sol containing the silica gel was then 

transferred to a Teflon-lined autoclave and heated for 12 

h at 190 °C. The obtained gel was then dried at 80 °C till 

complete evaporation of the solvent and the obtained 

powder was then calcined at 450 °C for 30 min. 

 

2.2 Preparation of TiO2 coating on ceramic tiles  

     The percentage oxide composition of glaze used was 

as follows: Al2O3 (8.79℅), SiO2 (62.23℅), B2O3 

(5.55℅), CaO (8.98℅), MgO (1.82℅), ZnO (2.51℅), 

K2O (3.70℅), Na2O (0.81℅) and ZrO2 (5.61℅). TiO2 

was added into glazed ceramic tiles by means of spraying 

technology using a small spray gun. The quantity of 

deposition was estimated to be about 1.2 g transparent 

sol per cm
2
.  

2.3 Photo degradation experiments  

     Ceramic tiles coated by TiO2 were tested for micro-

organisms growth by fixing on the walls of water 

reservoirs in Basyoun Water and Sanitation Company 

drinking water treatment plant. Reservoirs of water under 

coagulation process were used. The coated tiles were 

studied over periods of time up to 4 months in areas 

exposed to direct sunlight. 

 

2.4 Identification of Algae  
 

     Algae were identified on ceramic surfaces by the 

usual morphological examination using a light 

microscope.  

 

2.5 Identification of bacteria  

 

     Gram staining is a bacteriological laboratory 

technique
[24]

. Bacteria on two ceramic tiles were 

examined by culturing on nutrient agar for 24 hours at 

37°C. 

Results and discussion: 

     The XRD analysis of the prepared sample of TiO2 

nanoparticles was done using a APD 2000 pro x-ray 

Diffractometer, wavelength (λ)=1.5406 Å and data was 

taken for the 2 ϴ range of 10° to 70° with a step of 

0.1972°. The results confirmed the nano sized powder 

TiO2. 
      The X-ray diffraction pattern of the synthesized 

Titania nanoparticles is shown in Fig.1 reports that 

absence of spurious diffractions indicates the 

crystallographic purity. The 2ϴ at peak 25.4° confirms 

the TiO2 anatase structure 
[25]

. Strong diffraction peaks at 

25° and 48° indicating TiO2 in the anatase phase 
[26]

. The 

2ϴ peaks at 25.27° and 48.01° confirm its anatase 

structure. The intensity of XRD peaks of the sample 

reflects that the formed nanoparticles are crystalline and 

broad diffraction peaks indicate very small size 

crystallite. 

       The crystalline sizes of powder samples were based 

on the main peak calculated using the well-known 

Scherrer equation 

A=
   

      
     (1)                                

where K is the shape factor (here, K=0.89), λ is the wave 

length of the X ray beam used (λ=0.15405 nm), θ is the 

Bragg angle, and β is the full width at half maximum 

(FWHM) of the X ray diffraction peak. The average 

crystallite size of a-TiO2 is only 3.4 nm.  

     In order to obtain the morphology of the TiO2 

powder, SEM observation was carried out. Fig. 2 shows 

the SEM image of the dried gel and TiO2 powder. The 

grains are nearly spherical with approximately uniform 

particle size and its distribution ranging between 3 and 

100 nm, which are clearly observed in Fig.2. 

 

     The scanning electron microscopic ( model: 

JEOL JSM 6510 LV)  images for as- prepared TiO2 

nanoparticles is shown in Fig. 2. The SEM surface 

images of TiO2 coating heat-treated at 1100°C. It is seen 

that  there is a smooth surface at low magnification  is 

shown in Fig. 3.  

 
Fig. (1). XRD spectra of TiO2 nanoparticles. 
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Fig.(2) SEM images for as- prepared TiO2 nanoparticles . 

 

 

Fig.3 SEM surface images of TiO2 coating. 

     The SEM (model: JEOL JSM 6510 LV) cross-section 

image of a TiO2 coated glazed tile is shown in Fig. 4-a,b. 

Three layers are seen including the ceramic tile body, the 

glaze and the TiO2 coating layer. The thickness of the a-

TiO2 coating is 343nm, which is tightly integrated with 

the glaze layer (Fig. 4-a,b). In addition, EDS (EDS, 

model Oxford X-Max 20) was used to quantitatively 

determine the elemental composition. The EDS spectra 

of TiO2 coating. The result reveals that the TiO2 coating 

is mainly composed of Ti and O elements as shown in 

Fig. 4-c. The mass percent of Ti element is 20.35 wt% , 

while that of O is 43.58 wt%. 

 

 

Fig. 4(a).SEM cross-section images of TiO2 – coated glazed tile. 

 
 

Fig. 4(b).SEM cross-section images of TiO2 – coated glazed tile. 

 

 
 

Fig. 4 (c) EDS spectrum of TiO2 – coated glazed tile. 

     The visual appearance of micro-organisms 

progressing growth on the surface of TiO2 uncoated and 

coated tiles under sunlight irradiation is shown in Table 

1. The study was extended for four months. 

 
Table 1 shows Comparison between micro-organisms 

progressing growth on the surfaces of TiO2 uncoated and 

coated tiles under sunlight irradiation. 

 

 

Period Uncoated with TiO2  

 

Coated with TiO2  

 

After 

10 

days 

  
After 

one 

month 
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After 

two 

month 

  

After 

three 

month 

  
After 

four 

month 

  

 
     Results in Table 1 reveals that the photocatalytic 

activity of TiO2 plays a remarkable role in the inhibition 

of micro-organisms growth on glazed tile surfaces. This 

is due to the fact that when TiO2 is illuminated with the 

light of λ ˂  390 nm, electrons are promoted from the 

valence band to the conduction band of the 

semiconducting oxide to give electron-hole pairs. The 

valence band (h
+

VB ) potential is positive enough to 

generate hydroxyl radicals at the surface and the 

conduction band (e
-
CB) potential is negative enough to 

reduce molecular oxygen. The hydroxyl radical is a 

powerful oxidizing agent of pollutants present at or near 

the surface of TiO2. 

 

     Identification of algae on the un-coated glazed 

ceramic tiles was performed according to usual 

morphological criteria showing the growth of Spirogyra, 

Diatoms, Chlorella and mougeotia as shown in Table 2. 

Upon using TiO2-coated glazed ceramic tile, only 

Chlorella algae growth was morphologically identified as 

shown in Fig.5. 

 
Table 2 Identification of algae on the un-coated glazed 

ceramic tiles was performed according to usual 

morphological criteria. 

 

 

 

 

 

 

 

 

 

     Chlorella algae growth was morphologically 

identified upon using TiO2-coated glazed ceramic tile 

under sunlight irradiation as shown in Fig. 5. 

 

Fig. 5 Morphological identification of Chlorella algae 

growth upon using TiO2-coated glazed ceramic tile under 

sunlight irradiation. 
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     The total coliform bacteria test is negative for both ceramic tile coating with TiO2 and non coating with TiO2. 

     

The apparent bacterial growth behavior is also different 

upon taking cultures from TiO2 uncoated and coated tiles 

under sunlight irradiation as shown in Fig. 6 , bacteria 

identification showing existence of gram positive cocci 

on TiO2 coated tiles and existence of gram positive cocci 

and diplococci on TiO2 uncoated tiles is shown in Table 

3. 

 

Ceramic with TiO2 Ceramic without  TiO2 

Gram positive Cocci Gram positive Cocci and 

diplococci 

 

Table 3 show bacteria identification  on two tiles . 

 

Fig. 6 Bacterial growth on nutrient agar for cultures taken 

from tile surfaces of TiO2- treated (a) and untreated (b) 

glazed tiles. 

     Identification of fungi on ceramic tiles according to 

the usual morphological criteria under light  microscope 

both of ceramic tiles with TiO2 and without TiO2 not 

contain fungi is shown in Table 4. 

Ceramic with TiO2 Ceramic without  TiO2 

-ve -ve 

Table 4 show identification of fungi on both ceramic. 

Conclusion 
      Titanium dioxide (TiO2) nanoparticles have been 

successfully synthesized using a sol-gel method. The size 

and morphology of the samples were characterized using 

scanning electron microscopy (SEM). TiO2 coated on 

glazed ceramic tiles to fight against microorganisms 

growth in water storage reservoirs and swimming pools. 

Therefore, the ceramic tiles coated TiO2 may be applied 

in lining of these installations allowing the use of 

sunlight as a clean and environmentally friendly energy 

source. 
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 رسضُش ثبًَ أكغُذ انزُزبَُىو انُبَىيُزشي ػهً انغُشايُك

 أزًذ ػجذانهبدي انًشاعً

 خبيؼه طُطب -كهُه انؼهىو  -قغى انكًُُبء 

فٗ يؼبندّ انًبء يثم انزششٛح ٔانزهجذ ٔانزدًغ  ...انخ. ٔػهٗ اندبَت االخش رًُٕ انفؽشٚبد ٚؼزجش ػذد يٍ انًهٕثبد انجٕٛنٕخّٛ صؼت اصانزٓب ثبنؽشق انزمهٛذّٚ 

 فٗ احٕاض يؼبندّ انًٛبِ ٔحًبيبد انسجبحّ ٔانخضاَبد يسججخ رحذٚبد ثٛئّٛ خؽٛشِ.

ثجبد انكًٛٛبئٗ . أال أَّ يٍ ػٕٛة اسزخذاو حجٛجبد ثبَٗ ٚؼذ ثبَٗ اكسٛذ انزٛزبَٕٛو احذ انًٕاد راد انزكهفّ انًُبسجّ ٔراد انُشبغ انحفضٖ انعٕئٗ انؼبنٗ ٔان ٔ

 .اكسٛذ انزٛزبَٕٛو انُبَٕيٛزشّٚ ْٕ صؼٕثخ انفصم يٍ انٕسػ ثؼذ ػًهّٛ انحفض انعٕئٗ 

د انحفض ٔيٍ اْى ؼشق رحعٛشيٕا   انسٛشايٛكنٓزا انسجت خشد يحبٔالد نزحًٛم حجٛجبد ثبَٗ اكسٛذ انزٛزبَٕٛو انُبَٕيٛزشّٚ ػهٗ ثؼط االسؽح يثم :

 .انسٛشايٛكانعٕئٗ انًحًم َظبو انؽالء  نثبَٗ اكسٛذ انزٛزبَٕٛو  انُبَٕيٛزشٖ ػهٗ 

كًب رشكض ػهٗ ْزا انجحث ٚشكض ػهٗ رؽجٛك ثبَٗ اكسٛذ انزٛزبَٕٛو انًحًم الصانّ انًهٕثبد انؼعّٕٚ ٔانفؽشٚبد يٍ انًٛبِ ٔخذساٌ أحٕاض يؼبندّ انًٛبِ 

ٔرى ػشض ؼشٚمخ رحعٛش ثبَٗ أكسٛذ انزٛزبَٕٛو انُبَٕيزشٖ ٔرشخٛصّ ثبسزخذاو اٚبْب االلزصبدّٚ ٔربثٛشْب انؼبنٗ. اسزخذاو انؽبلّ انشًسّٛ  َظشا نًض

دسخّ يئّٕٚ ثى اخزجبس رأثٛشانجالؼّ فٗ أحٕاض انًٛبِ انًؼشظّ نهشًس ٔٚزى 3211انًٛكشٔسكٕة االنكزشَٔٗ ثى رحًٛهّ ػهٗ انسٛشايٛك فٗ دسخّ حشاسِ رجهغ 

 .ؽحبنت ٔانجكزشٚب ٔانفؽشٚبد انًزكَّٕ ػهٗ انجالؼّ انًحًهّ ثثبَٗ أكسٛذ انزٛزبَٕٛو انُبَٕيٛزشٖ ٔيمبسَزٓب ثبنجالؼّ انغٛش يحًهّ ثّانزؼشف ػهٗ ان
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