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1 Introduction 
Synthesis  of  heterocyclic  compounds  

containing  O,  S,  and  N  along with  broad 

spectrum of biological activity ( 1-13) such as 

antiviral, antibacterial, anticancer, antifungal, 

antioxidant, antimalerial, anti  HIV, sedatives, 

anticonvulsant, antihistamic agent, 

antihypertensive, anti-inflammatory,  and 

calcium channel blockers  of  oxo  and  thioxo  

pyrimidine  carboxylate  derivatives,  has  

been  reported  in  this  paper. Pyrimidines  

and  fused  pyrimidines  is  an  essential  part  

of  DNA  and  RNA  ,  plays  an  vital  role  in  

several  biological  processes. The thiouracil 

derivatives can be utilized as a component and  

adhesive for noble metals in many fields such 

as medical treatment, electronic materials, 

precision instruments and jewelry where resins 

are bonded to metals and are particularly 

useful in the dental field (14). On account of 

these reasons synthesis of heterocyclic 

compounds is of great interest. 

2 Results and Discussion  
The  reaction  of  substituted  aromatic  

aldehydes,  diethyl  malonate  and  

urea/thiourea  in  presence  of  ammonium  

chloride  for  3 hrs  gives  product (a-n)  with  

high  yields.  Very  few  literature  has  been  

reported  regarding  synthesis  of  oxo  and  

thioxo  pyrimidine  carboxylate  derivatives.  

One  of  the  method  involves  synthesis  of  

4-oxo-6-substituted  phenyl-2-thioxo-1,2,3,4  

tetrahydropyrimidine-5-carbonitrile (15-22) 

followed  by  hydrolysis  and  esterification  

using  ethanol  to  give  desired  product.  But  

this  method  is  time  consuming  and  

JOURNAL OF 

BASIC SCIENCES 

Abstract: An efficient and simple protocol has been developed for the synthes is of 4-oxo-2-

thioxopyrimidine carboxylate and 2,4 dioxopyrimidine  carboxylate derivatives using ammonium 

chloride as a catalyst. Various substituted 4-oxo-2-thioxopyrimidine carboxylate and 2, 4 

dioxopyrimidine carboxylate derivatives was synthesized by ternary condensation of diethyl  

malonate, aromatic  aldehyde and thiourea/urea by using ammonium chloride. Structures of all the 

products are supported by their spectral data. 

 

Keywords: Biginelli reaction, ammonium chloride, diethyl malonate, aldehydes 

www.skpubs.com


 

Journal of Basic Sciences www.skpubs.com  July 2016 

 

P
ag

e
 4

4 

produces product with low yield. Apart from 

this there is no report on this synthetic route 

according to our knowledge.  Therefore,  we  

have  developed  a  new  protocol  by  using  

inexpensive  reagent  in  solvent  free  

condition at 100 °C. Under optimized 

conditions various derivatives were 

synthesized and selected products were 

characterized by physical constant, IR and 

NMR analysis. 
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Scheme 1: Synthesis of heterocyclic compounds using NH4Cl as a catalyst 

 

Table  1 : Synthesis of 2,4 dioxopyrimidine carboxylate and 4-oxo-2-thioxopyrimidine carboxylate 
under  solvent free condition using ammonium chloride 

Compound Ar X Yield  (%) m.p.  (
o
C)  

4a -C6H5 O 72 210-212  

4b 4-(Cl)-C6H4 S 84 214-216  

4c 4-(OH)-C6H4 S 82 218-220  

4d C6H5 S 70 238-240  

4e 2-furyl   O 76 196-198  

4f 4-(Cl)-C6H4 O 80 240-242  

4g 3-(Cl)-C6H4 S 83 194-196  

4h 4-(OH)-C6H4 O 87 224-226  

4i 2-furyl   S 81 208-210  

4j 3-(Cl)-C6H4 O 65 206-208  

4k 3-(NO2)-C6H4 O 72 224-228  

4l 4-(OCH3)-C6H4 S 88 230-232  

4m 3-(NO2)-C6H4 S 70 218-220  

4n 4-(OCH3)-C6H4 O 74 225-227  

 

Reaction conditions: Aldehyde (2 mmol), ethyl acetoacetate (2 mmole), thiourea (3 mmole) and NH4Cl (0.8 

mmol), temperature (100 °C), t ime: 3h. 

In order to get product in good yield various 

reaction parameters were optimized, we 

checked effect of temperature, stiochiometry 

of reactants, time on yield of product. The 

reaction was carried out using various 

stiochiometric ratios of   reactants. The  

excellent results were obtained with 

0.5:1:1:1.5 ratio of ammonium chloride, 
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aldehyde, ethyl acetoacetate and urea/thiourea 

(Table 1).  From table 1, aldehyde , diethyl  

malonate, urea/thiourea, in presence of NH4Cl 

affords corresponding 2,4 dioxopyrimidine 

carboxylate and 4-oxo-2-thioxopyrimidine 

carboxylate under neutral condition in good to 

excellent yields in 3 hours. The optimized 

reactions conditions were then used for 

preparation of derivatives. We have checked 

effect of electron donating and withdrawing 

groups on yield of product. From table 1 it is 

depicted that electron donating group like -

CH3, -OCH3, -OH furnishes product with good 

yield, however, electron withdrawing 

functionality like -NO2 provides product in 

moderate amount. 

3 Experimental Section 
All the reagents used are of research grade 

purchased from  S. D. Fine, Merck. Melting 

points were recorded on open capillary method 

and are uncorrected. The melting points were 

compared  with  literature.  Synthesized 

products  were  characterized  by  IR  and  
1
H 

NMR.  Infrared (IR) spectra were recorded on  

Shimadzu FTIR  spectrometer.  
1
H NMR 

Spectra were recorded on Bruker Advance  II  

(400  MHz)  using  DMSO-d6 as a solvent.  

General Procedure for Synthesis of 2,4 

dioxopyrimidine carboxylate and 4-oxo-2-

thioxopyrimidine carboxylate: 

A mixture of benzaldehyde (0.30 g, 2 

mmol),diethyl malonate (0.26 g, 2 mmole), 

thiourea (0.18 g, 3 mmole) and NH4Cl (0.05 g, 

0.8 mmol) was heated under stirring at 100 °C 

for 3 hrs. After cooling,  solid  product  

obtained  was  filtered  and  washed  with  cold  

water.  It  was  further  recrystallized from 

ethanol or ethyl acetate: n-hexane (1:3) to  

have  analytical  sample  for  spectral  analysis.  

Spectral  data  of  synthesized  compounds: 

Compound  4l:  

ethyl 1,2,3,4- tetrahydro-6- (4-methoxyphenyl) 

-4-oxo-2-thioxopyrimidine-5-carboxylate:   

m.p.  230-232 °C,  IR:  3375,  3271,  3167,  

2689,  1762,  1609,  1465,  1404,  1246,  1083,  

cm
-1

.  
1
HNMR  (DMSO-d6 400 MHz) 9.86  ∂  

(s, -NH),  7.84  ∂  (d,  1 H,  ArH),  7.86 ∂  (d,  

1 H,  ArH),  7.43  ∂  (d,  1 H,  ArH),  7.45  ∂  

(d,  1 H,  ArH),  3.4  ∂  (s,  -OCH3),  3.89  ∂  

(q,  OCH2),  1.20  ∂  (t,  -CH3) 

Compound 4d:  

ethyl 1,2,3,4-tetrahydro-4-oxo-6-phenyl-2-

thioxopyrimidine-5 carboxylate: 

 m.p. 238-240
 
°C, IR:3371, 3263, 3055, 2341, 

1748,  1612, 1435, 1400, 1361,  1184,  1114  

cm
-1

. 
1
H NMR (DMSO-d6 400 MHz): 8.2∂ (s, -

NH), 7.04-7.37∂ (m, 5 H, ArH),  3.50  ∂  (q,  

OCH2),  1.10  ∂  (t,  -CH3) 

Compound  4f:  

ethyl 6-(4-chlorophenyl)-1,2,3,4-tetrahydro-

2,4-dioxopyrimidine-5-carboxylate:   

m.p.  240-242
 °

C,  IR:  3367,  3163,  2337,  

1760,  1605,  1465,  1408, 1183  cm
-1

. 
1
HNMR  

(DMSO-d6 400 MHz)  :  8.15  ∂  (s, -NH),7.42  

∂  (d, 1 H,   ArH),  7.40 ∂  (d,  1 H,  ArH),  

7.38  ∂  (d,  1  H,  ArH)  7.36  ∂  (d,  1 H,  

ArH),  3.61  ∂  (q,  OCH2),  1.16  ∂  (t,  -CH3) 

4 Conclusion: 
 In conclusion, we have developed an 

economical and environment friendly protocol 

for the synthesis of 2,4 dioxopyrimidine 

carboxylate and 4-oxo-2-thioxopyrimidine 

carboxylate with short reaction time, 

inexpensive and easily available catalyst and 

solvent free condition. The readily available 

ammonium chloride is explored as catalyst for 

this reaction which affords clean and excellent 

yields of product. Effect of electron donating 

and withdrawing functionality on producy 

yield was checked. 
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