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ABSTRACT 
Synthesis of novel biologically active fused benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine 

derivatives (5a-h) have been Synthesized by condensation of 4-amino-2-methyl-6-(methylthio)pyrimidine-

5-carbonitrile (3)  with 2-amino 1/2/3/4-substituted benzothiazoles (4a-h) by using anhydrous K2CO3 as 

catalyst and solvent DMF. Compound (3) was prepared by reaction of acetamidine hydrochloride (1) and 

bis-(methylthio)methylene malanonitrile (2) with same reaction condition which is used for title 

compounds. The chemical structures of newly constructed derivatives were corroborated by IR, 
1
H-NMR 

13
C-NMR and Mass spectral analysis. Furthermore, these synthesized compounds were tested for 

antioxidant activity. The result of antioxidant activity reveals that most of the compounds show good to 

moderate activity. The major advantage of this protocol is short reaction time, operational simplicity and 

high yield. 

 

Keywords:  Acetamidine hydrochloride, 2-amino benzothiazole, Antioxidant activity and Bis-

(methylthio) methylene malanonitrile. 
______________________________________________________________________________ 

 

INTRODUCTION 

 
Heterocyclic chemistry is recently experiencing broad area of interest because of their potent biological 

activity [1-3]. They are widely distributed in nature and mostly found in bio-organic and medicinal 

chemistry with application in drug discovery. The heterocyclic compounds containing nitrogen and 

sulphur atoms serve as versatile moiety for drug designing. The most of the pharmaceutical drugs and 

biologically active agrochemicals are nitrogen and sulphur containing heterocycles. Pyrimido pyrimidines 

[4], benzothiazolopyrimidines [5] and pyrazolopyrimidines [6] undoubtedly belong to the most ubiquitous 

fused ring systems which plays very important role in the area of medicinal chemistry. Such fused 

heterocyclic scaffold diverts considerable attention of chemist due to their diverse biological activities and 

immense synthetic potential for the construction of many pharmacologically active heterocycles. 

 

Pyrimido pyrimidines are analogues of folic acid as well as an important class of annelated uracils and 

their potent inhibitory properties regarding the tyrosine kinase domain of epidermal growth factor receptor 
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[7]. Survey of literature reveals that fused Pyrimido pyrimidine derivatives exhibit promising 

pharmacological applications such as antitumor [8], antioxidant [9], antiviral [10], antifungal [11], 

dihydrofolate reductase [12] and hepatoprotective activities [13]. Benzothiazole scaffold one of the 

privileged structure in pharmaceutical science and continuously drawing interest for development of novel 

drug due to its wide range of therapeutic importance such as antimicrobial [14], anticancer [15], 

antidiabetic [16], anthelmintic [17] anticonvulsant [18], antiviral [19], anti-inflammatory [20], antiallergic 

[21]. Literature survey shows that few references are available on synthesis and biological activity of 

heterocycles containing benzothiazole fused with pyrimidine ring [22-24]. Recently Sambhaji P. Vartale et 

al 2015 has reported synthesis and antimicrobial activity of fused benzo[4,5]thiazolo[3,2-a]pyrazolo[3,4-

d]pyrimidine derivatives [25]. 

 

Biological importance of both benzothiazole and pyrimido pyrimidine stimulated us to develop new 

versatile heteroaromatic ring system in which benzothiazole ring is fused through the nitrogen atom with 

another biologically potent ring system such as pyrimido pyrimidine. Hence as a part of our ongoing 

research to develop a efficient method for the synthesis of benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-

d]pyrimidines via nucleophilic substitution-cyclization reaction in between 4-amino-2-methyl-6-

(methylthio)pyrimidine-5-carbonitrile and 2-amino 1/2/3/4-substituted benzothiazoles with evaluation of 

their antioxidant activity. 

MATERIALS AND METHODS 
 

All the chemicals used in present work are of analytical grade and used without further purification. 

Electrothermal IA 9000 SERIES digital melting point apparatus was used to determine the melting points 

of synthesized compounds and were uncorrected. Purity of all the products was routinely checked by thin 

layer chromatography (TLC) on pre-coated sheets of   silica gel-C plates of 0.25 mm thickness. Infrared 

spectra were recorded in Nujol or as KBr pallets on infrared spectrophotometer, nuclear magnetic 

resonance spectra were obtained on Brukner advance spectrophotometer 400 MHz in DMSO-d6 using 

tetramethylsilane (TMS) as internal standard, Mass spectra were recorded on FT-VC-7070 H Mass 

spectrometer using the EI technique at 70 eV. 

 

General procedure:  

Synthesis of 4-amino-2-methyl-6-(methylthio )pyrimidine-5-carbonitrile (3): A mixture acetamidine 

hydrochloride (1) (0.01mol) and bis(methylthio)methylene malanonitrile (2)  (0.01mol) in 10 ml of DMF 

and anhydrous potassium carbonate (10mg) was refluxed for 6 h. The reaction progress was monitored by 

thin layer chromatography (TLC) by using ethyl acetate: hexane (3:7) as irrigant. After completion of 

reaction, the reaction mixture was allowed to cool at room temperature and transferred in to ice cold water. 

The separated solid product was filtered, washed with water and recrystalized from ethanol to give pure 

compound (3). 

 

Synthesis of benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d] pyrimidine derivatives (5a-h): As per scheme-2, 

a mixture of 4-amino-2-methyl-6-(methylthio)pyrimidine-5-carbonitrile (3) (0.001mol) and 2-amino 

1/2/3/4 substituted benzothiazoles (4a-h)  (0.001mol) were independently refluxed in 10 mL of DMF and 

anhydrous K2CO3 (10mg) for 6 h. After completion of reaction, the reaction mixture was allowed to cool at 

room temperature and transferred in to ice cold water. The separated solid product was filtered, washed 

with water and recrystalized from ethanol to give pure compound (5a-h). 

 

RESULTS AND DISCUSSION 

 
The therapeutic importance of these rings promoted us to develop new molecules in which substituents 

should be arranged by such pattern which displays higher pharmacological activities. Thus in present view 

we have synthesized a series of benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidines (5a-h). The synthetic 

route leading to title compound is summarized in scheme-1 and scheme-2. In our first scheme we 
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condensed acetamidine hydrochloride (1) and bis (methylthio) methylene malanonitrile (2) in DMF and 

catalytic amount of anhydrous K2CO3 to afford (3) Scheme-1. 
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Scheme-1. Formation of 4-amino-2-methyl-6-(methylthio)pyrimidine-5-carbonitrile. 

 
The compound (3) posseses replaceable active thiomethyl group at 6-position and electron withdrawing 

nature of cyano group at 5-position. Due to the presence of thiomethyl group and cyano group on 

compound (3) which has susceptibility for nucleophilic substitution-cyclization. When compound (3) was 

condensed independently  with 2-amino 1/2/3/4-substituted benzothiazoles (4a-h) under similar 

experimental condition to afford benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine derivatives (5a-h) 

Scheme-2. The compounds Physical data are listed in table 1 and compound number and substituents 

position given in table 2. 
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Scheme-2. Formation of benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine derivatives (5a-h). 

Table 1. Physicochemical data 

Com.No. MolecularFormula Mol. Wt. Colour Yield % M.P °C 

3 C7H8N4S 180 Gray 72.17 135-36 

5a C13H10N6S 282 Brown 65.04 185-87 

5b C14H12N6S 296 Brown 78.96 161-62 

5c C14H12N6OS 312 Brown 71.28 180-82 

5d C13H9N7O2S 327 Yellow 62.33 154-56 

5e C13H9N6SCl 316 Yellow 59.08 193-95 

5f C13H9N6SBr 360 Brown 64.00 164-66 

5g C15H14N6S 310 Brown 72.80 212-14 

5h C13H8N6SCl2 350 Yellow 66.58 173-75 
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Table 2. Compound numbers and substituent’s position 

Comp. No. R1 R2 R3 R4 

5a -H -H -H -H 

5b -H -CH3 -H -H 

5c -H -OCH3 -H -H 

5d -H -NO2 -H -H 

5e -H - Cl -H -H 

5f -H - Br -H -H 

5g -H -CH3 -H -CH3 

5h -H -Cl -Cl -H 

Spectral Analysis 

4-amino-2-methyl-6-(methylthio)pyrimidine-5-carbonitrile (3): IR (KBr/cm
-1

) 2206 (CN), 3359 (NH2): 
1
H-NMR (400 MHz,DMSO-d6): δ  2.38 (s, 3H, CH3), 2.53 (s, 3H, SCH3), 7.5 (s, 2H, NH2): 

13
C-NMR 

(DMSO-d6): δ  11.84 (SCH3), 25.98(CH3), 81.79 (C-CN), 114.54 (CN), 162.59 (C=N), 168.04 (C=N), 

172.10 (C-SCH3) EI-MS(m/z: RA% ): 180 (M
+
).   

 

 5-imino-2-methyl-5H-benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine-4-amine (5a): IR (KBr/cm
-

1
) 1643 (C=N), 3271 (NH2), 3394 (=NH): 

1
HNMR (400 MHz,DMSO-d6): δ 2.23 (s, 3H, CH3), 6.6-6.8 (m, 

4H, Ar-H), 7.11 (s, 2H, NH2), 10.29 (s, 1H, =NH): EI-MS(m/z: RA% ): 282 (M
+
).  

 

5-imino-9-methoxy-2-methyl-5H-benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine-4-amine (5c): 

IR (KBr/cm
-1

) 1656 (C=N), 3247 (NH2), 3362 (=NH): 
1
HNMR (400 MHz,DMSO-d6): δ  2.33 (s, 3H, 

CH3), 3.68 (s, 3H, OCH3), 6.9-7.2 (m, 3H, Ar-H), 7.56 (s, 2H, NH2), 9.42 (s, 1H, =NH): EI-MS (m/z: 

RA% ): 312 (M
+
).  

 

5-imino-2-methyl-9-nitro-5H-benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine-4-amine (5d): IR 

(KBr/cm
-1

) 1642 (C=N), 3266 (NH2), 3386 (=NH): 
1
HNMR (400 MHz,DMSO-d6): δ 2.51 (s, 3H, CH3), 

7.1-7.4 (m, 3H, Ar-H), 7.67 (s, 2H, NH2), 8.97 (s, 1H, =NH): EI-MS (m/z: RA% ): 327 (M
+
).  

 

5-imino-2,7,9-trimethyl-5H-benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine-4-amine (5g): IR 

(KBr/cm
-1

) 1631 (C=N), 3220 (NH2), 3421 (=NH): 
1
HNMR (400 MHz,DMSO-d6): δ 2.48 (s, 3H, CH3), 

2.75 (s, 3H, CH3), 2.90 (s, 3H, CH3), 7.3-7.5 (dd, 2H, Ar-H), 7.74 (s, 2H, NH2), 9.9 (s, 1H, =NH): EI-MS 

(m/z: RA% ): 310 (M
+
).  

 

For the compound(3) IR spectrum (Fig.1), Mass Spectrum (Fig.2), 
1
H

 
NMR(Fig.3) and 

13
C NMR spectrum 

(Fig.4) shown in respective figures. 

 

 
Fig.1 IR Spectrum of the compound (3) 
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Fig.2 MASS Spectrum of Compound (3) 

 
Fig.3 

1
H-NMR Spectrum of Compound (3) 

 
Fig.4 

13
C-NMR Spectrum of Compound (3) 
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The result of DPPH radical scavenging activity of newly synthesized benzo[4,5]thiazolo[3,2-

a]pyrimido[4,5-d]pyrimidine derivatives are summarized in table-3. DPPH is relatively stable nitrogen 

centred free radical that easily accept an electron or hydrogen radical to become a stable diamagnetic 

molecule. DPPH antioxidant assay is based on the ability of 1,1-diphenyl-2-picryl hydrazyl, a stable free 

radical to decolourise in the presence of antioxidants. When DPPH accepts an electron from antioxidant 

compound, the DPPH is decolourise which can be quantitatively measured from change in absorbance. 

Such reactivity has been widely used to test the ability of compounds to act as free radical scavengers. The 

overall DPPH radical scavenging activity of tested benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine 

derivatives were in a range of 8.37-27.32 % as compared to the standardascorbic acid (90.15%). The 

highest DPPH radical scavenging activity was exhibited by 5b whereas 5e demonstrate lowest activity. 

From the result of present work, it can be concluded that benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-

d]pyrimidine derivatives are essential to boost the antioxidant activity. 

 

APPLICATIONS 
 

Antioxidant activity 

DPPH radical scavenging assay: The DPPH radical scavenging assay has been used for preliminary 

screening of the sample for antioxidant activity. The proton radical scavenging action is known as an 

important mechanism of antioxidants. The odd electron in DPPH radical gives a strong absorption 

maximum at 517 nm and is purple in colour. The colour turns from purple to yellow when the odd electron 

of DPPH radical becomes paired with hydrogen from free radicals scavenging antioxidants to form 

reduced DPPH:H.  1ml (1 mM) of test Sample was added in to equal quantity of 0.1 mM solution of DPPH 

in ethanol. After 10 min of incubation at room temperature, the DPPH reduction was measured by reading 

the absorbance at 517 nm. Ascorbic acid was taken as standard reference. The result of DPPH reduction is 

summarized in table-3.  

Table 3. Antioxidant activity of selected compounds 

Sr. No. 
Compounds 

Antioxidant activity 

DPPH radical scavenging activity (%) 

1 5a 22.57±0.27 

2 5b 27.38±0.12 

3 5c 21.94±0.76 

4 5d 25.44±0.45 

5 5e 08.32±0.09 

6 Ascorbic acid 90.15±0.53 
 

 

CONCLUSIONS 
 

This work describe new method for the synthesis of novel heterocyclic compounds such as 

benzo[4,5]thiazolo[3,2-a]pyrimido[4,5-d]pyrimidine derivatives which were obtained by simple route with 

good product yield. The present protocol can be serve as reference to researcher and it may be applied for 

the synthesis novel series of fused benzothiazolopyrimidopyrimidines with further modification which 

may act as more potent therapeutic agent in future. 
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