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ABSTRACT  

A series of 5, 6-Diamino-1, 3-dimethylpyrimidine-2, 4(1H,3H)-dione 

derivatives were synthesized. An efficient synthesis of 5, 6-diamino-

1,3-dimethylpyrimidine-2,4(1H,3H)-dione bridge substituted to indole 

nucleus was described antioxidant of synthesized compounds (3 and 4) 

were determined by various in vitro assays such as 1,1-diphenyl-2-

picryl hydrazyl free radical (DPPH), Reducing ability by Fe
3+ 

to Fe
2+ 

method, Ferrous ion (Fe
2+

) chelating activities. Antimicrobial activity 

was carried out by cup plate method. These results were compared 

with the respective standards. Compounds 3a and 4a showed good 

radical scavenging activity (RSA). Compounds 3b, 4b and 4c exhibited 

good reducing power activity, whereas, the compound 3a, exhibited 

good metal chelating activity. Among the all compounds 4a exhibited 

promising antibacterial, antifungal activities.  

KEYWORDS: Pyrimidine, Indole, Antibacterial, Antifungal, Antioxidant activity. 

 

1. INTRODUCTION 

Pyrimidine is the parent nucleus of a large group of heterocyclic compounds, which have 

attracted the attention for a long time. Pyrimidine derivatives occur in natural products 
[1]

 like 

nucleic acids and vitamin B1 which have remarkable pharmaceutical importance because of 

their biological activities. 
[2-5]

 Some of the pyrimidine derivatives e.g., antitumor agent, 

fluorouracil and its analogues contains pyrimidine ring in their structures. They also have 

applications in liquid crystal composition. 
[6]

 The indole derivatives possess a wide variety of 
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biological properties viz., anti-inflammatory, 
[7,8]

 anticonvulsant, 
[9]

 antibacterial, 
[10]

 COX-2 

inhibitor 
[11,12] 

and antiviral 
[13]

 activities. 

 

2. MATERIALS AND METHODS 

2.1 Chemistry 

The synthetic strategy was planned as depicted in Scheme 1. The requisite starting materials, 

5, 6-Diamino-1, 3-dimethylpyrimidine-2,4(1H,3H)-dione 1 reported method. 
[14,15]

 

Compound (1) on condensation with various 5-substituted 2-phenyl-1H-indole-3-

carbaldehyde (2a-d) using reported procedure 
[16] 

in methanol and acetic acid (4:1) yielded 5-

[(5-substituted 2-phenyl-1H-indol-3-yl)methyleneamino]-6-amino-1,3-dimethylpyrimidine-

2,4(1H,3H)-diones (3a-d). Compounds (3a-d) refluxed in thionylchloride for 30-40 min 

afforded the target compounds 8-(5-substituted 2-phenyl-1H-indol-3-yl)-1, 3-dimethyl-1H-

purine-2,6(3H,7H)-diones (4a-d) respectively.  
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Scheme-1 Schematic pathway for the synthesis of compounds (1-4). 

 

2.l  Experimental Protocol 

All the reagents were obtained commercially and used by further purification. Melting points 

were determined by an open capillary method and are uncorrected.  Purity of the compounds 

was checked by thin layer chromatography using silica gel-G coated Al plates (Merck) and 

spots were visualized by exposing the dry plates in iodine vapors, using Benzene:Ethylacetate 

(1:1) and/or Tolune:Ethylacetate (1:1). The IR (KBr pellet) spectra were recorded on a 

Perkin-Elmer (Spectrum ONE) FT-IR Spectrometer. The 
1
H NMR (DMSO-d6) spectra were 

recorded with a BRUKER NMR 500 MHz spectrometer the chemical shift values are 
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expressed in ppm (δ scale) using tetramethylsilane as an internal standard. The mass spectral 

measurements were carried out by Electron Impact method on JEOL GC mate spectrometer 

at 70 eV.  Elemental analyses were performed on flash EA 1112 series elemental analyzer.  

 

2.2    Synthesis 

2.2.2.  5, 6-diamino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (1) was by following 

literature procedure. 
[14,15] 

 

2.2.3.  5-Substituted 2-phenyl-1H-indol-3-carboxaldehydes (2a-d) were prepared by 

literature method. 
[16]

 

 

2.2.4. General procedure for the synthesis of various 5-[(5-Substituted2-phenyl-1H-

indol-3-yl) methyleneamino]-6-amino-1, 3-dimethylpyrimidine-2, 4(1H, 3H)-diones (3a-

d). 

To a stirred solution of 5,6-Diamino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (1)  (1.0g, 

5.87 mmol) in MeOH-AcOH (4:1 40 ml) was slowly added 5-substituted 2-phenyl-1H-

indole-3-carbaldehyde (2a-d) in methanol (24 ml). The reaction mixture was further stirred 

overnight at room temperature. The residue obtained after removal of solvent under reduced 

pressure was dissolved in ice-cold water and alkalized with sodium hydroxide. The resultant 

turbid solution was cooled in ice for complete precipitation. The precipitate obtained was 

filtered off, washed with ice cold water and dried to obtained pure 3a-d. 

 

2.2.5. 5-[(5-Chloro-2-phenyl-1H-indol-3-yl)methyleneamino]-6-amino-1,3-dimethyl   

pyrimidine-2,4(1H,3H)-dione 3a 

Yield: 42 %, mp 209-210 ºC; FTIR (KBr) cm
-1

: 3417, 3214 (indole-NH, NH2); 1701, 1650 

(C=O); 1620 (C=N); 
1
H NMR (DMSO-d6, δ, ppm) 12.10 (s, 1H, indole NH); 9.61(s, 1H, 

N=CH); 7.10-8.20 (m, 8H, Ar-H); 5.79 (br s, 2H, NH2); 3.60 (s, 3H, CH3); 2.69(s,3H, CH3); 

MS (EI) m/z 407 (M
+
); 409 (M

+
+2). Anal. % C21H18N5O2Cl: C, 61.84; H, 4.45; N, 17.11; 

Found: C, 61.85; H, 4.48; N, 17. 15. 

 

2.2.6. 5-[(5-Methyl-2-phenyl-1H-indol-3-yl)methyleneamino]-6-amino-1,3-dimethyl   

pyrimidine-2,4(1H,3H)-dione 3b 

Yield: 50%, mp 200-201 ºC; FTIR (KBr) cm
-1

: 3330, 3210 (indole-NH, NH2); 1691, 1650 

(C=O); 1618 (C=N); 
1
H NMR (DMSO-d6, δ, ppm) 12.09 (s, 1H, indole NH); 8.91 (s, 1H, 

N=CH); 6.95-8.15 (m, 8H, Ar-H); 5.54 (br s, 2H, NH2); 3.75 (s, 3H, CH3); 3.69 (s,3H, CH3); 
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2.25 (s,3H, CH3); Anal. % C22H21N5O2: C, 68.20; H, 5.46; N, 18.01. Found: C, 68.23; H, 

5.47; N,18.04. 

 

2.2.7. 5-[(5-methoxy-2-phenyl-1H-indol-3-yl)methyleneamino]-6-amino-1,3-dimethyl  

pyrimidine-2,4(1H,3H)-dione 3c 

Yield: 51%, mp 220-222 ºC; FTIR (KBr) cm
-1

: 3245, 3145 (indole-NH, NH2); 1690, 1640 

(C=O); 1632 (C=N); 
1
H NMR (DMSO-d6, δ, ppm) 11.69 (s, 1H, indole NH); 9.54 (s, 1H, 

N=CH); 7.15-8.25 (m, 8H, Ar-H); 6.14 (br s, 2H, NH2); 3.90 (s, 3H, OCH3); 3.69 (s,3H, 

CH3); 2.30 (s, 3H, CH3); Anal. % C22H21N5O3: C, 65.50; H, 5.25; N, 17.36. Found: 65.57; H, 

5.29; N, 17.33. 

 

2.2.8. 5-[(2-Phenyl-1H-indol-3-yl)methyleneamino]-6-amino-1,3-dimethylpyrimidine-  

2,4(1H,3H)-dione 3d 

Yield: 62%, mp 250-251 ºC; FTIR (KBr) cm
-1

: 3404, 3110 (indole-NH, NH2); 1700, 1690 

(C=O); 1620 (C=N); 
1
H NMR (DMSO-d6, δ, ppm) 12.41 (s, 1H, indole NH); 9.80 (s, 1H, 

N=CH); 7.20-8.00 (m, 9H, Ar-H); 7.00 (br s, 2H, NH2); 3.50 (s, 3H, CH3); 3.69 2.45 (s, 3H, 

CH3); Anal. % C21H19N5O3 : C, 67.55; H, 5. 13; N, 18.76. Found: C, 67.60; H, 5.13; N, 18.76. 

 

2.2.9.  General procedure for the synthesis of various 8-(5-Substituted 2-phenyl-1H 

indol-3-   yl)-1,3-dimethyl-1H-purine-2,6(3H,7H)-diones  4(a-d). 

Compounds (3a-d) (1.0g, 2.5 mmol) obtained were refluxed separately in thionly chloride (20 

ml) for 30-40 min to affect cyclization. The excess thionly chloride was removed under 

reduced procedure to obtain a solid product. Ice cold water was added to it and resultant 

suspension was neutralized with ammonium hydroxide solution.  The precipitate obtained 

was collected by filtration, dried and recrystallized from a mixture of DMF and methanol to 

afford the desired products 4a-d.  

 

2.2.10.  8-(5-Chloro-2-phenyl-1H-indol-3-yl)-1,3-dimethyl-1H-purine-2,6(3H,7H)-dione 

4a 

Yield: 68%, mp 233-235 ºC; FTIR (KBr) cm
-1

: 3421 (indole-NH); 17100, 1640 (C=O); 
1
H 

NMR (DMSO-d6, δ, ppm) 12.41 (s, 1H, indole NH); 7.10-8.20 (m, 8H, Ar-H); 3.50 (s, 3H, 

CH3); 2.50 (s, 3H, CH3); MS (EI) m/z 405 (M
+
); 407 (M

+
+2). Anal. % C21H18N5O2Cl : C, 

62.15; H, 3.97; N, 17.26. Found: C, 62.18; H, 3.95; N, 17.24. 

 



www.wjpps.com                   Vol 4, Issue 1, 2015.                   

         

 

1262 

 

Vaijinath                                     World Journal of Pharmacy and Pharmaceutical Sciences 

2.2.11.  1,3-Dimethyl-8-(5-methyl-2-phenyl-1H-indol-3-yl)-1H-purine-2,6(3H,7H)-dione 

4b 

Yield: 47%, mp190-191 ºC; FTIR (KBr) cm
-1

: 3335 (indole-NH); 1660, 1640 (C=O); 
1
H 

NMR (DMSO-d6, δ, ppm) 12.41 (s, 1H, indole NH); 7.30-8.10 (m, 8H, Ar-H); 3.50 (s, 3H, 

CH3); 2.89 (s, 3H, CH3); 2.50 (s, 3H, CH3); Anal. % C22H19N5O2: C, 68.56; H, 4.97; N, 

18.17. Found: 68.60; H, 4.95; N, 18.20. 

 

2.2.12. 8-(5-methoxy-2-phenyl-1H-indol-3-yl)-1,3-dimethyl-1H-purine-2,6(3H,7H)-dione 

4c 

Yield: 66%, mp 240-241 ºC; FTIR (KBr) cm
-1

: 3404 (indole-NH); 1700, 1630 (C=O); 
1
H 

NMR (DMSO-d6, δ, ppm) 12.00 (s, 1H, indole NH); 6.80-7.60 (m, 8H, Ar-H); 3.90 (s, 3H, 

OCH3); 3.15 (s, 3H, CH3); 2.55 (s, 3H, CH3); Anal. % C22H19N5O3: C, 65.83; H, 4.17; N, 

17.45.  Found: C, 65.85; H, 4.19; N, 17.50. 

 

2.2.13.  1,3-Dimethyl-8-(2-phenyl-1H-indol-3-yl)-1H-purine-2,6(3H,7H)-dione 4d 

Yield: 55 %, mp > 259-260 
o
C; FTIR (KBr) cm

-1
: 3240 (indole-NH); 1695, 1650 (C=O); 

1
H 

NMR (DMSO-d6, δ, ppm) 12.11 (s, 1H, indole NH); 7.00-8.00 (m, 9H, Ar-H); 3.25 (s, 3H, 

CH3); 2.85 (s, 3H, CH3); Anal. % C21H17N5O2: C, 67.91; H, 4.61; N, 18.86; Found: C, 67.94; 

H, 4.62; N, 18.89. 

 

3. RESULTS AND DISCUSSION 

3.1 Antimicrobial Activities  

Antimicrobial screening of the compounds 3, 4 (a-d) was performed by cup-plate method at a 

concentration of 1mg/ml following reported procedure. 
[17] 

 The bacteria Escherichia coli, 

Bacillus subtilis and Klebsiella pneumoniae and fungal Asperigillus niger, Asperigillus flavus 

and Asperigillus fumigates were used. The zones of inhibition were compared with the 

standards. Streptomycin and flucanazole were used as standards for antibacterial and 

antifungal activities, respectively. The results are presented in Table-1.  

 

The investigation of antibacterial screening revealed that, compounds 3a, 4a and 4c exhibited 

maximum zone of inhibition against E. coli. Compounds 3a, 4a and 4c showed maximum 

zone of inhibition against B. subtilis and compounds 3a, 3c and 4a exhibited the maximum 

zone of inhibitory against K. pneumonia. 
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In case of antifungal screening, compounds 3a, 3c, 3d and 4a   exhibited promising activity 

against A. niger, whereas compounds 3a, 4a and 4c exhibited maximum zone of inhibition 

against A. flavus. The compounds 3a, 3b, 4a and 4c exhibited maximum zone of inhibition 

against A. fumigatus. The results of enhanced antimicrobial activities may be due to presence 

of chloro or methyl group substitution. 

 

Table 1: Antimicrobial activities for 5, 6-Diamino-1,3-dimethylpyrimidine-2,4(1H,3H)-

dione derivatives 3, 4 (a-d). 

Including diameter of well
#
, control (DMF) = no activity, streptomycin (Std1) and flucanazole   

(Std2) were used as standards for antibacterial and antifungal activities, respectively. 

 

3.2. 1, 1-Diphenyl-2-Picryl Hydrazyl (DPPH) Radical Scavenging Activity (RSA) 

The free radical scavenging activity (RSA) of compounds 3, 4 (a-d) at concentration (25, 50, 

75 and 100 µg/mL) was carried out in the presence of freshly prepared solution of stable free 

radical DPPH (0.04% w/v) following Hatano’s method
[18]

, using 2-tert-butyl-4-

methoxyphenol (butylated hydroxy anisole, BHA) and 2-(1,1-dimethylethyl)-1,4-benzenediol 

(2-tert. butyl hydroquinone, TBHQ) as standards. All the test analyses were performed on 

three replicates and results are averaged. The results in percentage are expressed as the ratio 

of absorption decrease of DPPH in the presence test compounds and absorption of DPPH in 

the absence of test compounds at λ 517 nm on ELICO SL 171 Mini Spec spectrophotometer. 

The percentage scavenging activity of the DPPH free radical was measured using the 

following equation.  

 

DPPH radical scavenging (%) = [(Ac-As/Ac)X100] 

Comp. 

No. 
R 

Diameter of zone of inhibition in mm
#
 

Antibacterial Activity Antifungal Activity 

  E. coli B.  subtilis K. pneumoniae A.  niger A.  flavus A. fumigates 

3a Cl 20 23 19 18 20 17 

3b CH3 17 09 13 08 11 18 

3c OCH3 19 17 18 17 05 16 

3d H 15 14 10 18 13 08 

4a Cl 22 25 20 19 21 18 

4b CH3 10 09 07 15 09 13 

4c OCH3 20 23 16 18 19 17 

4d H 13 10 05 05 05 13 

Std1 - 23 26 22 - - - 

Std2 - - - - 20 22 19 
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Where, Ac is the absorbance of the control reaction and As is the absorbance of the sample or 

standards. The activity of results revealed that, compound 3a and 4a (70.18 and 70.15 %) 

exhibited good radical scavenging activity at conc. of 75 µg/ml concentration. Compounds 3a 

and 4a showed good radical scavenging activity (74.14, 83.35%, respectively) at 100 µg/ml 

concentration. The results are shown in the fig. 1. 

   

 

3.3. Ferric ions (Fe
3+

) Reducing Antioxidant Power (FRAP) Activity  

The reducing power of the synthesized compounds was determined according to the Oyaizu 

method
[19]

. Different concentration of samples (25, 50, 75 and 100 µg/mL) in DMSO (1 mL) 

were mixed with phosphate buffer (2.5 mL, 0.2 M, pH=6.6) and potassium ferricyanide (2.5 

mL, 1%). The mixture was incubated at 50
º
C for 20 min. After which a portion of 

trichloroacetic acid (2.5 mL, 10%) was added to the mixture and centrifuged for 10 min, at 

1000 Xg. The upper layer of solution (2.5 mL) was mixed with distilled water (2.5 mL) and 

ferric chloride (0.5 mL, 0.1 %). Then absorbance at λ 700 nm was measured in 

spectrophotometer. Higher absorbance of the reaction mixture indicated greater reducing 

power. The FRAP of synthesized compounds were determined at four different 

concentrations (25, 50, 75 and 100 µg/mL) at pH 6.6 by literature method
[20]

 using BHA, 

TBHQ and AA as standards.  Higher absorbance of the reaction mixture indicated greater 

reducing power of the test compounds. The analysis of results indicated that, compound 4c 

exhibited good reducing activity at 25 µg/ml concentration, whereas compounds 4b and 4c 

showed reducing power at 50 µg/ml concentration. Compounds 3b, 4b and 4c shows 

promising activity at 75 and 100 µg/ml concentration, respectively. The results are shown in 

the fig. 2.   
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3.4. Ferrous (Fe
2+

) Metal Ion Chelating Activity 

The chelating activity of ferrous ions by synthesized compounds 3,4(a-d) was estimated by 

following Dinis method
[21]

. The test samples (25, 50, 75 and 100 µg/mL) in ethanolic solution 

(0.4 mL) were added to a solution of FeCl2 (0.05 mL, 2 mM). The reaction was initiated by 

the addition of ferrozine (0.2 mL, 5 mM) and the total volume was adjusted to 4 mL with 

ethanol. Ferozine reacted with the divalent iron form stable magenta complex species that 

were very soluble in water. The mixture was shaken vigorously and kept at room temperature 

for 10 min. Then the absorbance of the solution was measured spectrophotometrically at λ 

562 nm. All test analyses were run in triplicate and averaged. The percentage of inhibition of 

the ferrozine Fe
2+ 

complex formations was calculated using the formula:
  

 

Ferrous ion chelating effect (%) = [(Ac-As/Ac)] X100. 

  

Where, Ac is the absorbance of control and As is the absorbance of test sample or standards. 

Compounds 3a, 4a and 4c showed good metal chelating activity (75.24 and 73.18 % 

respectively) at 75 µg/ml concentration, whereas 3a, and 4a exhibited promising metal 

chelating activity (86.84 and 82.54 %)  at 100 µg/ml concentration. The results are shown in 

the fig. 3.    
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CONCLUSION 

It may be concluded that the compounds having electron withdrawing and donating property 

showed more potent antimicrobial and antioxidant activities. Compounds bearing chloro 

substitution on indole nucules exhibited significant antimicrobial and antioxidant activities. 

Among the synthesized compound, 4a was found to be most active against all the 

microorganisms tested and also exhibited promising RSA and 3a showed metal chelaters.  4c 

showed FRAP suggesting that the presence of methoxyl substituent responsible for activities 

among the synthesized compounds. 
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