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Abstract:The kinetics of cyclocondensation of aromatic aldehydes, 1,3dicarbonyls and urea / thiourea has been 

investigated. The kinetic measurements have been carried using spectrophotometric technique. The reaction is 

found to be first order with respect to aromatic aldehyde and first order with respect to urea. Hence over all 

order of reaction is found to be two, which is in good agreement with rate law. The effect of substituents on the 

rate of the cyclocondensation and the thermodynamic parameters are also evaluated. The reaction products 

have been isolated and characterized. The probable mechanism of the cyclocondensation leading to 

 3, 4 dihydropyridines has been proposed and on that basis rate expression has been derived. 
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I. Introduction 
Dihydropyrimidinones have been paid increasing attention due to their various therapeutic and 

pharmacological properties, such as antiviral
1
 and antibacterial

2
, antihypertensive

3
, antitumor

4
, antimalarial

5
. 

Most recently they have emerged as integral backbone of several calcium blockers, α-1a-antagonists and 

neuropeptide Y (NPY) antagonist
6-9

. Dihydropyrimidinone derivatives are found as core units in many marine 

alkaloids like Batzalladine and Carambine, which have potent HIV-gp 120 CD4 inhibitory property
10

. 

Due to the importance of multi component reactions in the combinatorial chemistry and the interesting 

pharmacological properties associated with dihydropyrimidinones structure, the reaction has received increasing 

attention and its scope has now extended considerably by variation of all three building blocks. Thus, several 

modified and improved procedures have been reported
11-13

. Literature survey revealed that considerable 

attention has not been paid on the kinetic study of this type of cyclocondensation. In view of the above 

observations and considering the synthetic utility of dihydropyrimidinones, it was therefore decided to carry out 

the kinetic study of dihydropyrimidinones to optimize the synthesis parameters. 

 

II. Experimental 
The dihydropyrimidinones were synthesized using reported procedure

14-17 
carrying one pot 

cyclocondensation of aromatic aldehydes, ethylacetoacetate and urea. Aldehydes used in the work were 

benzaldehyde, 4-methoxy benzaldehyde, 4-chloro benzaldehyde and 4-nitro benzaldehyde.(Scheme I) Solvent, 

catalyst and reagents were obtained from S.D fine chemicals of HPLC/AR standard and were purified further by 

literature procedure
18,19

. The products obtained were crystallized from ethanol and the melting points of these 3, 

4 dihydropyrimidinones were determined and were in good agreement with those reported in the literature
20,21

. 

Table 1 gives the physical data of dihydropyrimidinones.  
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Table: 1 

Physical data of 3, 4-dihydropyrimidinones 

Product R R’ X 
M.Pa 

°C 

Yieldb 

(%) 

4a 

4b 

4c 

4d 

-H 

-OCH3 

-Cl 

-NO2 

 

-OC2H5 

-OC2H5 

-OC2H5 

-OC2H5 

 

O 

O 

O 

O 

 

203-205 

201-203 

212-214 

206-208 

 

85 

89 

84 

83 

 

III. Kinetic Measurements 
In the present work we have measured the extend of the cyclocondensation by spectrophotometric 

method using UV-1601 SHIMADZU spectrophotometer, determining concentration of dihydropyrimidinones. 

A high precision thermostatic oil bath was used to carry the cyclocondensation. The accuracy of the reaction 

temperature was about ±0.1 °C. 

Solutions of the aldehydes (20 ml) of the known molarity containing was transferred in 100ml two 

necked round bottom flask. The combined solution of ethylacetoacetate and urea [20 ml] of the known 

concentration was taken in the standard flask. Both the flasks were then allowed to stand in thermostatic oil bath 

to attain the required temperature. Then the content of the standard flask was completely transferred to the round 

bottom flask containing aldehyde solution. The obtained reaction mass was thoroughly stirred and heated in 

thermostatic oil bath at the required temperature. At different time intervals, fixed volume (0.4 ml) aliquot was 

removed from the reaction mass, and diluted with alcohol to achieve the measurable concentration. The obtained 

diluted solution was employed to determine optical density (absorbance) at appropriate λmax of the generated 

dihydropyrimidinones. 

From this optical density the concentration (x) of dihydropyrimidinones formed at particular time was 

determined with the help of the standard/reference plot of the respective dihydropyrimidinones. 

 

IV. Result and Discussion 
The stoichemetric study indicates that when a mixture of one mole of aldehyde, one mole of urea and 

one mole of ethylacetoacetate allowed to react gave 1 mol of product (Dihydropyrimidinones). The reaction 

rates were determined at different concentrations of aldehyde by keeping concentration of urea and 

ethylacetoacetate constant. (Table 2) The plot of dx/ dt against log Cald [Fig: 1] found to be linear and slope of 

plot is nearly one. Similarly rates were determined at different concentrations of urea keeping concentrations of 

aldehydes and ethylacetoacetateconstant.(Table 3) The plot of dx/dt against log Curea[Fig: 2] found to be also 

linear and slope of plot is nearly one. The order of reaction was also determined with respect to aldehydes and 

urea by using Van’t Hoff’s differential method. Kinetic measurements were carried out at equal concentration of 

the reactants at four different temperatures in acetic acid, Table 4. The activation energy (Ea) is determined from 

the slope of Arrhenius plot of log k Vs 1/T [Fig:3]and other thermodynamic parameters are computed in 

 Table 5. 

 

Table 2: Rate constant at different concentrations of aldehydes with 0.1M urea and 0.1M EAA 

(k× 10
-3

 dm
3
mol

-1
sec

-1
) 

Aldehyde 

 

0.1M 0.0875M 0.075M 0.0625M 0.05M 

Benzaldehyde 

 

3.002 2.513 2.259 2.017 1.637 

4-MeO-benzaldehyde 7.614 5.471 4.186 3.362 2.424 

4-Cl-benzaldehyde. 
 

2.351 1.721 1.518 1.238 1.107 

4-NO2-benzaldehyde 2.09 1.733 1.436 1.207 0.1075 
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Table 3: Rate constant at different concentrations of urea with 0.1M aldehyde and 0.1M EAA 

(k× 10
-3

 dm
3
mol

-1
sec

-1
) 

Aldehyde 
 

0.1M 0.0875M 0.075M 0.0625M 0.05M 

Benzaldehyde 

 

3.002 2.82 2.539 2.153 1.904 

4-MeO-benzaldehyde 7.614 6.418 5.349 4.59 3.39 

4-Cl-benzaldehyde. 

 

2.351 2.115 1.881 1.456 1.376 

4-NO2-benzaldehyde 2.09 1.828 1.644 1.474 1.286 

 

Table 4: Rate constants of the reaction at different temperatures. (solvent Acetic acid) 
Name of 

aldehyde 

k × 10-3 

at 391K 

dm3mol-1sec-1 

k × 10-3 

at 386K 

dm3mol-1sec-1 

k × 10-3 

at 381K 

dm3mol-1sec-1 

k × 10-3 

at 376K 

dm3mol-1sec-1 

 
B.A. 

 

4-MeO-B.A. 
 

4-Cl-B.A. 

 
4-NO2-B.A. 

 

 
3.002 

 

7.614 
 

2.351 

 
2.09 

 

 
2.587 

 

5.419 
 

1.969 

 
1.64 

 
1.688 

 

3.016 
 

1.391 

 
1.2 

 
1.343 

 

2.096 
 

1.098 

 
1.02 

 

 

Table – 5 Thermodynamic parameters of the reaction.(Solvent -acetic acid) 
 
Name of 

aldehyde 

 
Frequency 

Factor(A) 

Sec-1 

 
Energy of 

Activation 

(Ea)#KJmol-1 

 
Enthalpy of 

activation 

(ΔH)#KJmol-1 

 
Entropy of 

activation 

(ΔS)#Jmol-1 

 

 
Free energy of 

activation 

(ΔG)#KJmol-1 

B.A. 

 

4-MeO-B.A. 
 

4-Cl-B.A. 

 
4-NO2-B.A. 

 

6.012E+06 

 

2.570E+12 
 

9.638E+5 

 
2.168E+5 

16.549 

 

25.894 
 

15.331 

 
14.297 

13.339 

 

22.685 
 

12.122 

 
11.087 

-262.086 

 

-231.726 
 

-267.51 

 
-271.711 

114.505 

 

112.1314 
 

115.381 

 
115.9678 
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The entropies of activation ΔS# for the cyclocondensation are all negative suggesting rigid nature of 

transition state and also support the conversion of non-cyclic reactants to cyclic products. The high values of 

entropy of activation indicate that activated complex is less probable. The high negative values of entropy of 

activation suggest that the reaction may occur between charge ions and neutral molecule and may generate rigid 

intermediate transition state resulting in slow rate of reaction. The low magnitude of ΔH# and high magnitude of 

ΔS# indicates that the reaction is entropy controlled. The low values of ΔH# also points out that in the rate 

determining activated complex the bond breaking and bond formation are of almost equal magnitude. Almost 

equal values of free energies ΔG# for all aldehydes indicates that probably a similar mechanism prevails in all 

cases. 

When the rate constants for reactions are compared, Fig. 3: log k Vs 1/T the relative order of substituted 

aldehydes used in the cyclocondensation is found to be 

4-methoxy-benzaldehyde >benzaldehyde.> 4-chloro-benzaldehyde> 4-nitro- benzaldehyde 

This has also been reflected in Hammette plot where substituents in aldehydes have shown linear 

relationship. The withdrawing groups in the aldehydes would have been retarding the protonation of hydroxyl 

group of the intermediate of the first step making the rate of formation of the iminium intermediate slower. 

Therefore, in the case of nitro group in aldehydes the rate of reaction is found to be slower. When electron 

donating groups are present the rate of the formation of the iminium intermediate are faster as observed in case 
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of 4-methoxy benzaldehyde. This may be because of resonance, the protonation of hydroxy of the intermediate 

of first step and successive elimination of water molecule would have been faster. This is also reflected in 

Hammette linear plot. The negative sign of ρ value indicates the development of the positive charge at reaction 

centre during formation of transition state22 in the rate limiting step of overall reaction. Consistent with above 

facts the following plausible mechanism has been proposed for the reaction. (Scheme I) 

 

 

On the basis of the mechanism shown above the rate law expression has been derived as below 
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The product is formed in step 5. Hence the rate, dx/dt of the cyclocondensation is directly proportional to the 

concentration of I4. 

∴  
𝑑𝑥

𝑑𝑡
 𝛼  [𝐼4]   or 

𝑑𝑥

𝑑𝑡
 =   𝑘7[𝐼4]……(6) 

It is difficult to determine the concentration of intermediate I4. 

∴ It should be expressed in terms of measurable quantities. 

Hence applying steady state condensation to I4 which is formed in step-4 and removed in step-5 

i.e. Rate of formation of I4  =  Rate of removal of I4 

𝑘6 𝐼3  =  𝑘7[𝐼4] 

 𝐼4  =  
𝑘6

𝑘7

 [𝐼3] 

Substituting the value of I4 in equation (6) 

𝑑𝑥

𝑑𝑡
= 𝑘6 𝐼3  ……….(7) 

 

Being difficulty in determining the concentration of intermediate I3 

hence the steady state condensation is applied for I3 which is formed in step-3 and removed in step-4 

i.e. Rate of formation of I3  =  Rate of removal of I3 

𝑘5 𝐼2 [𝐸]  =  𝑘6[𝐼3] 

 𝐼3  =  
𝑘5

𝑘6

 𝐼2 [𝐸] 

Substituting the value of I3 in equation (7) 

𝑑𝑥

𝑑𝑡
= 𝑘5 𝐼2 [E]              (8) 

Intermediate I2 is not isolated and its concentration is determined by applying 

steady state condensation. 

i.e. Rate of formation of I2  =  Rate of removal of I2 

𝑘3 𝐼1  𝐻
+ =  𝑘5 𝐼2  𝐸 + 𝑘4 [𝐼2][𝐻2𝑂] 

 𝐼2 =
𝑘3 𝐼1 [𝐻

+]

𝑘5 𝐸 + 𝑘4[𝐻2𝑂]
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Substituting the value of I2 in equation (8) 

𝑑𝑥

𝑑𝑡
= 𝑘5 𝐸  ×  

𝑘3 𝐼1 [𝐻
+]

𝑘5 𝐸 + 𝑘4[𝐻2𝑂]
 

 

Dividing the numerator and the denominator by k5[E] we get 

𝑑𝑥

𝑑𝑡
=  

𝑘3 𝐼1 [𝐻
+]

1 + 
𝑘4[𝐻2𝑂]

𝑘5[𝐸]

 

As                     
𝑘4[𝐻2𝑂]

𝑘5[𝐸]
<<<     1 

Hence can be neglected 

 

∴    
𝑑𝑥

𝑑𝑡
=  𝑘3 𝐼1 [𝐻

+]……………………….. (9) 

 

It is difficult to determine the concentration of intermediate I1 

Hence applying steady state condensation to I1 which is formed in step-1 and removed in step-2 

i.e. Rate of formation of I1  =  Rate of removal of I1 

𝑘1 𝐴  𝑈 = 𝑘3 𝐼1  𝐻
+ +  𝑘2[𝐼1] 

 𝐼1 =
𝑘1 𝐴 [𝑈]

𝑘3 𝐻
+ +  𝑘2

 

 

Substituting the value of I1 in equation (9) 
𝑑𝑥

𝑑𝑡
=  𝑘3[𝐻+]  ×  

𝑘1 𝐴 [𝑈]

𝑘3 𝐻
+ + [𝑘2]

 

 

Dividing the numerator and the denominator by k3[H
+
] we get 

𝑑𝑥

𝑑𝑡
=  

𝑘1 𝐴 [𝑈]

1 + 
𝑘2

𝑘3[𝐻+]

 

[H
+
] is constant during the  progress of the reaction. 

Hence the term       1 + 
𝑘2

𝑘3[𝐻+]
     =      constant = k

 ׳

 

∴    
𝑑𝑥

𝑑𝑡
=  

𝑘1 [𝐴][𝑈]

𝑘′
 

 

Thus                                     
𝑑𝑥

𝑑𝑡
 𝛼 [𝐴]1[𝑈]1 

 

This indicates that the cyclocondensation is first order with respect to aldehydes [A], and with respect to urea 

[U].Thus over all order of condensation is second. 

Hence theoretically derived rate law expression on the basis of proposed mechanism is in good agreement with 

the experimental results. 

Abbreviations used in mechanism and rate expression are 

Aldehyde = A     Urea = U 

Ethylacetoacetate = E    Dihydropyrimidine (product) = P 

Intermediates = I1,I2,I3,I4   Constants = k1,k2………..k7& k
’
. 

 



Kinetic Study of Cyclocondensation Reaction in Acetic Acid, Yielding 3, 4 Dihydropyrimidines 

DOI: 10.9790/5736-1305013946                                 www.iosrjournals.org                                              46 |Page 

Acknowledgement: 

I express my deep sense of gratitude to my respected guide, Dr. R. A. Mane for his invaluable guidance and 

constant encouragement. 

 

References: 
[1]. Mosaad S. Mohamed, Rehab Kamel, Samar S. Fatahala, “ Synthesis and Biological Evaluation if Some thioContainingpyrrolo[2,3-

d] Pyrimidines Derivatives for their Anti-Inflamatory and Anti Microbial activities” European Journal of Medicinal ChemistryVol 

45, 2010, pp.2994-3004.  
[2]. C.C. Cheng, “Some pyrimidines of biological and medicinal interest-I”, Prog. Med. Chem. 1969, 6 pp.67 

[3]. Zienab M. Nofal, HodaH.Fahmy, Emans S. Zarea, Wafaa El-Eraky, “Synthesis Of New Pyrimidine Derivatives With Evaluation Of 

Their Anti-Inflamatory And Anti-Analgesic Activity” ActaPolonieaPharmaceutica-Durg Research, Vol.68 No. 4 2011, pp.507-517 
[4]. C. Heidelberger, F. Ansfield, “Experimental And Clinical Use of Fluorinated Pyrimidines In Cancer Chemothearapy.” J. Cancer 

Res. 1963, 23,pp. 12261243.  

[5]. A.Agrwal, K. Srivasta, S. Puri,  P.M.S Chavan, “Antimalarial activity and synthesis of new trisubstitutedpyrimidines” . Bioorg. 

Med. Chem. Lett. 2005, 15, pp. 531 

[6]. C. Oliver KappeReview “4-Aryldihydropyrimidines via the Biginelli Condensation: Aza-Analogs of Nifedipine-Type Calcium 

Channel Modulators” Molecules 1998, 3, pp.1 – 9  
[7]. G.C.Rovnyak, , S.D Kimball,B. Beyer, G. Cucinotta, J.D DiMarco,J.Gougoutas, A. Hedberg, M. Malley,  J.P McCarry,R. Zhang, S. 

Moreland, Calcium entry blockers and activators: conformational and structural determinants of dihydropyrimidine calcium channel 

modulators  J. Med. Chem. 1995, 38, pp. 119. 
[8]. M. Suresh, P.Lavanya, K. Naga Raju, S.B.Jonnalagadda, C. VenketaRao, “ Synthesis and biological study of Novel 2-(4-

substitutedbenzylthio)-5-amino-6-(benzothiazole-2-yl)-7-(4chlorophenyl)pyrido [2,3-d]pyrimidines-4(3H)-one derivatives” Org. 

Commun. 4;2 2011 pp. 33-41.  
[9]. G.J. Grover, S. Dzwonczyk, D.M. McMullen,C.S.Normadinam, P.G. Sleph,  S.Moreland, J. Cardiovasc. Phasrmacd. Design, 

Synthesis, and X-Ray Structure Analysis of Conformationally Restricted 4-Aryldihydropyrimidine Calcium Channel Modulators 

1995, 26, pp. 289.  
[10]. Anshu Chaudhary, P.M.Sharma, P.Verma, R. Dudhe, “Synthesis of Novel Pyrimidine Derivatives and Its Biological Evaluation” 

AnaleleUniversitatii din Bucuresti-Chimie, Vol 20, pp-123-140. 

[11]. M. Nagwer, Recent Progress In The Chemistry Of Dihydropyrimidinones Organic Chemical Drugs & their Synonyms; 
AkademieVerlag: Berlin, Vol.2, No.3 (2009), 662-676 p- 2558.  

[12]. Bruno Piqani and Wei Zhang “ Synthesis of diverse dihydropyrimidine-related scaffolds by fluorousbenzaldehyde-based Biginelli 

reaction and post-condensation modifications” Beilstein J. Org. Chem. 2011, 7, pp. 1294–1298  
[13]. Fabio S. Falsone, C. Oliver Kappe, “ TheBiginellidihydropyrimidinone Synthesis Using Polyphosphate Ester as a Mild and 

Efficient Cyclocondensation/ Dehydrating reagent” ARKAT USA,Inc. 2001 (ii) pp. 122-134.  

[14]. PietroBiginelli, “Synthesis of 3,4-Dihydropyrimidin2(1H)-ones” Gazz.Chim. Ital. 1893, 23, pp. 360. 

[15]. O.C. Kappe, “Recent advances in the Biginellidihydropyrimidine synthesis. New tricks from an old dog” .Acc. Chem. Res. 2000, 

33, pp. 879. 
[16]. Reported by Eric Woerly “The Biginelli Reaction: Development and Applications” November 24, 2008  
[17]. I. T. Phucho, A. Nongpiur, S. Tumtin, R. Nongrum and R. L. Nongkhlaw,  “Recent Progress in the Chemistry of 

Dihydropyrimidinones” RASAYAN J. ChemVol.2, No.3 (2009), pp. 662-676  

[18]. D. D Perrin. W. L. F Armargo, & D. R.Perrin, Purification Of LaboratoryChemicals, 2ndedn., Oxford, Pergamon Press 1980  
[19]. Vogel, A. I.; Text Book Of Practical Organic Chemistry, 5thedn. 1994  

[20]. A. Debache et al. “ An Efficient and Recycling Catalyst for One- Pot Three-Component Synthesis of Substituted 3,4-

Dihydropyrimidine-2(1H)-ones” E-Journal of Chemistry , 2008,Vol. 5, No.4, pp.688695.  
[21]. Yu Xia LI, Wei Liang BAO, “MicrowaveAssistedSolventlessBiginelli Reaction Catalyzed by Montmorillonite Clay-SmCl3 .6H2O 

System” Chinese Chemical Letters 2003 ,Vol 14, No.10, pp. 993-995.  

[22]. Peter Sykes; “A guidebook to mechanism in organic chemistry” (Orient Longman), reprinted. 
 

 

 
 

 

 
 

Gayatri Phadnaik. "Kinetic Study of Cyclocondensation Reaction in Acetic Acid, Yielding 3, 4 

Dihydropyrimidines." IOSR Journal of Applied Chemistry (IOSR-JAC), 13(5), (2020): pp 39-46. 


