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Abstract :  A simple, most efficient and   green procedure has been developed  for the synthesis of  pyrimido [4,5-d] 

[1,3,4] thiadiazolo [3,2-a] pyrimidinedione derivatives from one-pot three component condensation reactions of barbituric acid, 

substituted aromatic aldehydes, and 2-amino 5-(4-chlorophenyl)-1,3,4-thiadiazole using 1-Butyl-3-methyl Imidazolium Chloride 

[BMIM]Cl as a green catalyst in ethanol-water. The newly synthesized compounds evaluated by their spectral techniques and 

screened for their Antimicrobial activity. 
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I. INTRODUCTION 

  The fused heterocyclic compounds are indispensable class of organic chemistry such as pharmaceutical and biological properties 

[1]. In a multicomponent reaction (MCRs) three or more reactant are converted into a higher molecular weight compound in a one 

pot method.  Today’ s, MCR protocol has become very popular in the field of Chemistry. The thiadiazoles exhibit a broad range 

of biological properties and pharmacological properties such as antimicrobial [2], anti-inflammatory [3] and anticancer [4].  

Thiadiazolo [3,2-a] pyrimidine dione derivatives occupies an vital role  in organic chemistry and medicinal field, 

because of  its  has diverse  application such as  antifungal activity [5], antitumor [6], antioxidant [7], anticonvulsant[8], 

antihypertensive [9], analgesic[10], anti HIV activity[11], and antibiotics[12]. Thiadiazolo [3,2-a] pyrimidine derivatives  was 

reported through  the various catalyst like NaOH in ethanol [13] , molecular iodine[14] 2-[5-(4-methoxyphenyl) 4-H-1,2,4-

triazole] acetic acid [15],  and SBA-15 [16]. Some of the reported methods were also reported expensive catalysts, strong acidic 

conditions, higher temperature, require longer reaction time, resulting cumbersome product isolation procedure. 

1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl ,  act as a phase transfer catalyst (PTC) and it perform much organic 

transformation under mild condition. Thus new route utilizing a MCR protocol, for the synthesis of pyrimido [4,5-d] [1,3,4] 

thiadiazolo [3,2-a] pyrimidinedione derivatives can attract considerable attention in the field of  heterocycles. Consequently, we 

thought that there is scope for further innovation towards milder reaction condition, short reaction time and better yield in 

choosing 1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl  for this multicomponent reaction (MCRs).  

II.EXPERIMENTAL 
Open capillary tubes were used for melting points of isolated synthesized compounds and are uncorrected. Perkin-Elmer 

FTIR spectrophotometer was used for IR (KBr) spectra of compounds. Mass spectral data were recorded on liquid 

chromatography mass spectrometer (Shimadzu 2010Ev) using ESI probe. The 1H and 13C NMR spectra were recorded on various 

spectrometers at 300 & 400MHz using TMS as an internal standard. 

General procedure for the synthesis of 9-substituted derivatives of pyrimido [4,5-d] [1,3,4]thiadiazolo[3,2-

a]pyrimidinedione(4a-j) :  

  A mixture of barbituric acid (1), different substituted aromatic aldehydes (2a-j) and 2-amino-5-(4-chlorophenyl) 1,3,4-

thiadiazole (3) was refluxed in presence of 1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl  (10 mol % ) in  ethanol-water ( 

10 ml ethanol and 10 ml) for 4hrs. The progress of reaction was monitored by TLC. The reaction mixture was cooled to room 

temperature and separated solid product was filtered, washed with water and recrystallized from ethanol to afford (4a-j).  These 

synthesized products (4a-j) were completely characterized from spectroscopic technique and also elemental analysis.  

 

III. RESULT AND DISCUSSION: 

 
Initially, we efforts were focused on optimization reaction condition. The reaction mixture of barbituric acid (1), 2-amino 

5-(4-chlorophenyl)-1,3,4-thiadiazole (3) and substituted aromatic aldehydes (2a-j) were refluxed in aqueous ethanol using 1-

Butyl-3-methyl Imidazolium Chloride [BMIM]Cl  (10 mol%) was considered as a model reaction (Scheme1).  Then further 

investigating the effectiveness of different polar and non polar solvent using 1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl  

(10 mol%). In solvent optimization observed that that ethanol-water is the best solvent for the desired transformation and give 
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high yield (Table1, entry 6) but other polar protic solvents gives moderate yield (Table1, entry 5). On other side aprotic solvent 

such as toluene, DCM and DMF exhibit slow reaction rates leading lower yield (Table1, entry 1-3).  

We have performed the model reaction using different stoichiometric amount of catalyst. The catalyst screening result 

are summarized in (Table 2). It was observed that the excellent yield was gained by using 1-Butyl-3-methyl Imidazolium Chloride 

[BMIM]Cl (Table 2, entry 5). The use of aqueous ethanol as solvent in reaction protocol exhibit remarkable benefits like 

environmentally safe, comparatively cheaper to operate and easy work up.   

Analyzed the influence of different parameters on the model reaction, we revolved our focus towards the 9-substituted 

derivatives of pyrimido [4,5-d] [1,3,4] thiadiazolo [3,2-a] pyrimidinedione (4a-j) using one pot three component reaction of 

barbituric acid (1), different substituted aldehydes (2a-j),  and 5-(4-chlorophenyl)-1,3,4-thiadiazole (3) were refluxed in the 

presence of 1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl (10 mol%) in aqueous ethanol (Scheme 1), the result are 

summarized in Table 3. The desired products (4a-j) were obtained to excellent yields.  These synthesized products (4a-j) were 

completely characterized from IR, 1H-NMR, Mass and 13C-NMR spectroscopic technique and also elemental analysis.  

 
Table 1. Optimization of the reaction conditions using different solvents.[a] 

Entry Solvent Reaction Time (h) Yield (%)[b] 

1 Toluene 7.0 35 

2 DCM 6.5 42 

3 DMF  6.0 48 

4 Water  6.0 56 

5 Ethanol  5.5 66 

6 Ethanol-Water 4.0 85 
[a] Reaction conditions: Barbituric acid    (1 mmol), 2-amino-5-(4-chlorophenyl)1,3,4-thiadiazole (1 mmol), with   substituted benzaldehydes (1 

mmol) in  EtOH-H2O and  1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl were refluxed at 70 0C.  [b] Isolated yields. 
 

Table 2: Optimization Study for the amount of 1-Butyl-3-methyl Imidazolium Chloride.[a] 

Entry Catalyst 

(mole %) 

Temperature 

(0C) 

Reaction Time  

(h) 

Yield 

  %[b] 

1 01 70 3.0 36 

2 02 70 3.0 46 

3 05 70 3.0 66 

4 08 70 3.0 78 

5 10 70 3.0 85 

6 15 70 3.0 85 

7 20 70 3.0 85 
[a] Reaction conditions: Barbituric acid    (1 mmol), 2-amino-5-(4-chlorophenyl)1,3,4-thiadiazole (1 mmol), with   substituted benzaldehydes (1 mmol) in  EtOH-
H2O and  1-Butyl-3-methyl Imidazolium  Chloride [BMIM]Cl were refluxed at 70 0C. [b] Isolated yields. 

 

Table 3: Three component reaction of barbituric acid (1), aromatic aldehydes (2a-j)  and 2-amino-5-(4-chlorophenyl)1,3,4-

thiadiazole (3), for the synthesis of (4a-4j).[a] 

Entry       Aldehydes Time  (Hrs) Yield (%)[b] Mp (0C) 

4a -C6H5 3.5 61 205-207 

4b 4’ -OCH3 -C6H4 3.0 85 209-211 

4c 4’ -CH3 -C6H4 3.5 75 239-241 

4d 4’ -Br  -C6H4 3.5 70 269-271 

4e 3’ - Br -C6H4  3.0 78 221-223 

4f 4’ -Cl -C6H4   3.5 72 277-279 

4g 4’ , 3’ -di Cl -C6H3  2.5 76 231-233 

4h 4’ -OH -C6H4  3.0 78 239-241 

4i 4’ -F -C6H4 3.5 64 244-246 

4j 4’ -NO2 -C6H4 4.0 62 285-287 

[a] Reaction conditions: Barbituric acid    (1 mmol), 2-amino-5-(4-chlorophenyl)1,3,4-thiadiazole (1 mmol), with   substituted benzaldehydes (1 

mmol) in  EtOH-H2O and  1-Butyl-3-methyl Imidazolium Chloride [BMIM]Cl were refluxed at 70 0C. [b] Isolated yields. 

 

SPECTRAL ANALYSIS:  

2-(4-chlorophenyl)-9-phenyl-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-6,8 (7H,9H)-dione(4a) :  

M.P. 205-207 0C, Yield 61%. IR (KBr/ cm-1 ) 3240 (-NH), 1720,1635 ( 2 C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ 6.6 (s, 

1H, -CH), 6.5-8.2 (m, 09 H, Ar-H),  10.4 and  11.5 (2 bs,2H,-NH); EI-MS (m/z: RA %): 409 (M+., 100% ), 409 (M+., 37% ). 

Elemental analysis calculated data for C19H12ClN5O2S ; C, 55.68; N, 17.09. Found: C, 5570; N, 17.10.  
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2-(4-chlorophenyl)-9-(4-methoxyphenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione(4b) : 

M.P. 209-211 0C , Yield 85 %. IR (KBr/ cm-1 ) 3220 (-NH), 1722, 1680 ( 2 C=O),1268 (-O-R); 1H NMR (400MHz, DMSO-d6 / 

ppm ) δ 3.1 (s, 3H, -Ar-OCH3),  6.4 (s, 1H, -CH), δ 7.0-8.5 (m, 8H, Ar-H),  11.0 and  11.2 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 

439 (M+., 100% ). 13C NMR (400 MHz, DMSO–d6/ ppm ) δ: 162, 160,  150, 148, 142, 129, 125, 90 ,52, 50, 40,  30. Elemental 

analysis calculated data for C20H14ClN5O3S  ; C, 54.61; N, 15.52. Found: C, 54.62; N, 15.94.  

2-(4-chlorophenyl)-9-(4-methylphenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8 (7H,9H)-dione 

(4c):M.P. 239-241 0C, Yield 75 %. IR (KBr/ cm-1 ) 3210 (-NH), 1715, 1665 ( 2 C=O) ; 1H NMR (400MHz, DMSO-d6 / ppm ) δ 

2.30  (s, 3H, -Ar-CH3),  6.40 (s, 1H, -CH),  7.5-8.9 (m, 8H, Ar-H),  11.4 and  11.8 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 423 

(M+., 100% ). 13C NMR (400 MHz, DMSO–d6/ ppm ) δ: 165, 164,  150, 145, 140, 130, 126, 92 ,50, 48, 40,  30. Elemental 

analysis calculated data for C20H14ClN5O2S   ; C, 56.67; N, 16.52. Found: C, 56.69; N, 16.94.  

 

9-(4-bromophenyl)-2-(4-chlorophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione (4d) : 

M.P. 269-271 0C, Yield 70%. IR (KBr/ cm-1 ) 3135 (-NH), 1690,1640  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ  5.6 (s, 

1H, -CH),  7.1-8.9 (m, 8H, Ar-H),  10.3 and  11.5 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 486, (M+.+3, 100) ; 13C NMR (400 MHz, 

DMSO–d6/ppm ) δ: 164, 162, 160, 150, 145, 130, 126, 125, 90 ,60, 55, 40,35. Elemental analysis calculated data for 

C19H11BrClN5O2S ; C, 46.69; N, 14.33. Found: C, 46.72; N, 14.35.  

9-(3-bromophenyl)-2-(4-chlorophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione (4e) :M.P. 

221-223 0C, Yield 78%. IR (KBr/ cm-1 ) 3140 (-NH), 1680,1625  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ  5.6 (s, 1H, -

CH),  7.3-8.6(m, 8H, Ar-H),  10.8 and  11.6 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 486 (M+.+3, 100); 13C NMR (400 MHz, 

DMSO–d6/ppm ) δ: 168, 166, 164, 162,154, 152, 150, 145, 130, 129,125, 121, 120, 94 ,40, 30.  Elemental analysis calculated data 

for C19H11BrClN5O2S; C, 46.69; N, 14.33. Found: C, 46.71; N, 14.34. 

 

2,9-bis(4-chlorophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a]pyrimidine-6,8(7H,9H)-dione (4f) : M.P. 277-279 0C, 

Yield 72% .IR (KBr/ cm-1 ) 3265(-NH) 1725, 1670  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ  5.7 (s, 1H, -CH), 7.2-8.6 

(m, 8H, Ar-H),  10.7 and  11.4 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 443 (M+., 100% ); 13C NMR (400 MHz, DMSO–d6/ ppm ) 

δ: 170,165,164, 150,140, 135, 130, 125,117,114, 90 ,56, 45, 30.Elemental analysis calculated data for C19H11Cl2N5O2S ; C, 51.36; 

N, 15.76. Found: C, 51.38; N, 15.78.  

 

2-(4-chlorophenyl)-9-(2,4-dichlorophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione (4g) :  

M.P. 231-233 0C, Yield 76%.IR (KBr/cm-1 ) 3150 (-NH), 1680,1630  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ 5.9 (s, 1H, 

-CH),  7.2-8.7 (m, 7H, Ar-H),10.4 and  11.4 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 476 (M+. +1, 100%);  13C NMR (400 MHz, 

DMSO–d6/ppm) δ: 167, 164  162,155, 140, 130, 125,122, 125, 85,45,30. Elemental analysis calculated data for C19H10Cl3N5O2S ; 

C, 47.67; N, 14.63. Found: C, 47.69; N, 14.65.  

2-(4-chlorophenyl)-9-(4-hydroxyphenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione(4h) 

M.P. 238-240 0C , Yield 78 %. IR (KBr/ cm-1 ) 3513(-OH), 3235 (-NH), 1740, 1670 (2 C=O) ; 1H NMR (400MHz, DMSO-d6 / 

ppm ) δ 4.3 (s, 1H, -Ar-OH),  6.1 (s, 1H, -CH),  7.4-8.9 (m, 8H, Ar-H), 11.4 and 11.6 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 

425 (M+., 100% ). 13C NMR (400 MHz, DMSO–d6/ ppm ) δ: 170, 166,152, 140, 136,125,55, 45, 35, 30. Elemental analysis 

calculated data for C19H12ClN5O3S ; C, 53.59; N, 16.45. Found: C, 53.61; N, 16.46.  

2-(4-chlorophenyl)-9-(4-fluorophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione(4i): 

M.P. 244-246 0C, Yield 64%. IR (KBr/ cm-1 ) 3145 (-NH), 1660,1640  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ  5.5 (s, 

1H, -CH),  7.2-8.8 (m, 8H, Ar-H),  10.4 and  11.5 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 427,  (M+.+3, 100); 13C NMR (400 

MHz, DMSO–d6/ppm ) δ: 168, 165, 162, 155, 142, 130, 120, 90 ,50, 45,32. Elemental analysis calculated data for 

C19H11ClFN5O2S ; C, 53.34; N, 16.37. Found: C, 53.36; N, 16.39.  

2-(4-chlorophenyl)-9-(4-nitrophenyl)-5H-pyrimido[4,5-d][1,3,4]thiadiazolo[3,2-a] pyrimidine-6,8(7H,9H)-dione(4j):  

M.P. 285-287 0C, Yield 62%. IR (KBr/ cm-1 ) 3250 (-NH), 1670,1620  (2C=O); 1H NMR (400MHz, DMSO-d6 / ppm ) δ  5.8 (s, 

1H, -CH),  7.4-8.9 (m, 8H, Ar-H),  10.4 and  11.6 ( 2 bs, 2H,-NH); EI-MS (m/z: RA %): 454, (M+.+3, 100); 13C NMR (400 

MHz, DMSO–d6/ppm ) δ: 170, 166, 164, 162, 158, 150, 140, 125, 92 ,52, 45,25. Elemental analysis calculated data for 

C19H11ClN6O4S ; C, 50.17; N, 18.48. Found: C, 50.19; N, 18.50.  

 
 

ANTIMICROBIAL ACTIVITY:  

We have used the Agar well diffusion method for assessment of the antimicrobial activity of newly synthesized 

compounds. On Muller-Hinton agar medium zone of inhibition were observed and zone diameter was recorded in mm against 

specific test microorganisms. 

The synthesized compounds were accessed antimicrobial activity particularly antibacterial. The antibacterial activity 

against gram positive species S. aureus and B.subtilis and gram negative species E.coli and S.typhi using standard drugs are 

Penicillin and Streptomycin.  

The synthesized compounds 4d, 4e, 4f and 4j show good antibacterial activity against S. aureus  as compaired to 

standard drugs Penicillin and Streptomycin. The compounds 4d, 4e and 4j show good antibacterial activity against B.subtilis as 

compaired to standard drugs Penicillin and Streptomycin. The compounds 4d and 4j show good antibacterial activity against 

E.coli as compaired to standard drugs Penicillin and Streptomycin. The synthesized compounds 4d, 4f and 4j show good zone of 

inhibition against B.subtilis as compaired to Penicillin and Streptomycin. 
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Table 4 : Antimicrobial activity of tested compounds (4a-j). 

Entry Compounds Zone of Inhibition in mm 

S.aureus B.subtilis E. coli S.typhi 

1 

2 

3 

4 

5 

6 

4a 

4b 

4c 

4d 

4e 

4f 

12 

12 

ND 

18 

20 

16 

10 

ND 

12 

14 

16 

ND 

12 

10 

10 

16 

ND 

14 

12 

ND 

10 

16 

14 

 16 

7 4g ND 10 12 10 

8 4h 12 ND 12 ND 

9 4i 12 14 10 12 

10 4j 18 18 14 18 

11 Penicillin 26 20 18 18 

12 Streptomycin 30 

 

26 

 

34 

 

26 

ND = Not Detected zone of inhibition under experimental condition. 

 
IV.CONCLUSION: 

 In conclusion, We have developed a green, efficient and eco-friendly synthesis for the preparation of  pyrimido [4,5-d] 

[1,3,4] thiadiazolo [3,2-a] pyrimidinedione (4a-j) derivatives  by one-pot three component condensation reactions of barbituric 

acid,  substituted aromatic aldehyde, and 2-amino-5-(4-chlorophenyl) 1,3,4-thiadiazole  in presence of 1-Butyl-3-methyl 

Imidazolium Chloride [BMIM]Cl  in aqueous ethanol medium. The product can be easily isolated by simple workup technique, 

short time, less expensive, ambient reaction condition, and give excellent isolated yields. These synthesized compounds screened 

Antimicrobial activity. 
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