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ABSTRACT 
 
Kinetic of the synthesis reaction of 2-(2, 6-dichlorophenyl)-2, 3-dihydroquinazolin-4(1H)-one in the presence of 2-
aminobenzamid and 2, 6-dichlorobenzaldehide has been spectrally investigated. For this purpose, parameters of the 
reactions were monitored by UV/vis spectrophotometry. Kinetics of the reaction including the effects of the amounts 
of 2, 6-dichlorobenzaldehide, presence of maltose as a catalyst, temperature, and different polar solvents on the 
reaction rate were investigated in detail. Rational explanations to account for the unique results, especially for the 
temperature and solvent effects on the reaction rate, are also provided. A rate law consistent with the observed 
kinetic data and the proposed mechanism was suggested. In the PH range near or above neutrality imine formation 
in step2 (rate constant (k2) of reaction mechanism) was a rate determining step, but in the present work in the acidic 
pH range (formic or acetic acids) rate determining step is step1 (k1) of reaction mechanism, this confirmed based 
upon the steady state and the solvent studies on the reaction rate. In both solvent, the reaction was enthalpy 
controlled (∆H‡ is much greater than T∆S‡), never the less ∆S‡ in the formic acid was less than a mixture of formic 
acid/ acetic acid, this imply that why the reaction occur more easily in the formic acid.  
 
Keywords: Kinetics, Catalyst, Mechanism, Heterocyclic compound, 2, 3-dihydro-2phenylquinazolin 4(1H)-one, 
maltose. 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
Literature reports that quinazolinone moieties have been explored as key functional groups in a variety of anticancer 
agents. Many quinazolinon- es have contributed to the quest for an ultimate antitumor chemotherapeutic agent. 2, 3-
dihydroq- uinazolin-4(1H)-ones (Fig. 1) shows promising antitumor potency [1]. 

 
Fig. 1 2, 3-dihydroquinazolin-4(1H)-one 

 
2,3-dihydroquinazolin-4(1H)-ones are known to possess diverse pharmacological properties [2–4]. Quinazolinones 
and their derivatives are an important class of N-heterocycles, of interest medicinal chemists due to their various 
biological activities such as hypnotic, sedative, analgesic, anticonvulsant antitussive, antibacterial, antidiabetic, anti-
inflammatory, antitumor activities [5] and herbicidal agents, as well as plant growth regulators [6]. Certain DHQ 
derivatives may also have interesting features in their electronic spectra [5]. In addition, these compounds, as 
chemical intermediates, can easily be oxidized to their corresponding quinazolin-4(3H)-ones [7], which are also 
important biologically active heterocyclic compounds [8, 9]. Various works are devoted to the synthesis of 
quinazolin-4(3H)-ones either by oxidation of 2, 3-dihydroquinazolin-4(1H)-ones using suitable oxidizing agents 
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[10,11] or by various condensation procedures [12–16]. Many classical methods for the construction of 2, 3-
dihydro-2-aryl-4(1H)-quinazolinones have been employed [17–19]. Several methods have been reported for the 
synthesis of 2, 3-dihydroquinazolinones. Among them, the most direct procedure includes condensation of the 
appropriate derivatives of anthranilamide with an aldehyde or ketone in the presence of Brønsted acid or Lewis acid 
[20–24]. Synthesis of this class of compounds has been carried out with different methods including a three-
component coupling of isatoic anhydride, primary amines, and aldehydes with different catalysts [25-29]. In this 
paper, we report our kinetic study for the reaction of 2-aminobenzamid with 2, 6-dichlorobenaldehyde at 293−308 K 
and atmosphere pressure using the relative rate coupled with spectrophotometric (UV/vis) technique. Literature 
reports that quinazolin- one moieties have been explored as a key functional group in a variety of anticancer agents. 
Previously, numerous kinetic investigations have been reported using this technique [30-39]. 
 

EXPERIMENTAL SECTION 
 
2.1 Chemicals and Apparatus Used 
Starting reagents 2-aminobenamid 1 (98%) and 2, 6-dichlorobenzaldehide 2 (98%) and the solvents formic acid 
(99/5%) and acetic acid (99/5%) were obtained from Merck (Darmstadt, Germany) and used without further 
purifications. All spectra and kinetic measurements were recorded on a Cary UV/ vis spectrophotometer model Bio-
300 with a 10 mm light-path quartz cell equipped with a water thermostat cell throughout the current work. 
 
2.2 Synthesis of 2-(2, 6-dichlorophenyl)-2, 3-dihydroquinazolin-4(1H)-one   
To evaluate the generality of the process, the method used for the synthesis of 2-(2, 6-dichlorophen- yl)-2, 3-
dihydroquinazolin-4(1H)-one was studied (Table. 1). The mixture of 2-aminobenzamide (1 mmol), 2, 6-
dichlorobenzaldehyde (1 mmol) and formic acid (1 ml) was stirred at room temperature. After completion of the 
reaction (monitored by TLC), the reaction mixture was washed with H2O. The residue was then recrystallized from 
EtOH to furnish the pure product 2-(2, 6-dichlorophenyl)-2, 3-di- hydroquinazolin-4(1H)-one. For this reaction 
melting points were measured on an Electrothermal 9100 apparatus. Results have been shown in (Table. 1). 

 
Table. 1 Synthesis of 2-(2, 6-dichlorophenyl)-2, 3-dihydroquinazolin-4(1H)-one using formic acid as a solvent and catalyst 

 
 
 
 
 
 
 

RESULTS AND DISCUSSION 
 
3.1 General Procedure 
To investigate the mechanism of the reaction between 2-aminobenzamide and 2, 6-dichlorobenzaldehyde in the 
presence and absence of some catalyst, the kinetics were studied at different temperatures in formic acid as a solvent 
and catalyst. A conventional kinetic method for determining the values of rate constants was used. These reactions 
were studied spectrophotometrically. All reactions were conducted at 25 °C, except in those where the effects of 
temperature were investigated. The temperatures of the reaction mixtures were controlled throughout all kinetic 
experiments to ± 0.1 °C .All solutions were prepared by measuring the calculated amounts of substances in formic 
acid. The reactions were initiated by mixing equal volumes of 2-aminobenzamide and 2, 6-dichlorobenzaldehyde in 
the quartz cuvette. During all experiments the concentration of 2-aminobenzamide and 2, 6-dichlorobenzaldehyde 
was constant (1×10-2 M), except under pseudo-order conditions where the concentration of 2, 6-
dichlorobenzaldehyde was (1×10-3 M). Spectral changes in the first experiment resulting from the mixing of 2-
aminobenzamide (1×10-2 M) and 2, 6-dichlorobenzaldehyde (1×10-2 M), were recorded over a wavelength range of 
200-500 nm as a suitable wavelength at which the kinetic experiments could be performed. The absorbance changes 
of the mixed solution were recorded in 2 minute interval during the whole reaction time at ambient temper- ature 
(Fig. 2). From this, the appropriate wavelength was discovered to be 420 nm. Since at this wavelength, reactants (1), 
(2) and intermediates have no relatively absorbance value, it provides the opportunity to fully investigate the kinetics 
and mechanism of the reaction. Hence, in the second experiment, the reaction was undertaken under same conditions 
at 420 nm and 25°C for recording absorbance curve against time (Fig. 4). As can be seen in Fig. 3, the original 
experimental absorbance curve versus time (dotted line) exactly fits the second order fit curve (solid line) [40]. So, 
the reaction is second order (α+ 

β =2), and the general reaction rate is described by the kinetic equation: 
 Rate = k��		������		                                                                      (1) 
 

Entry Derivatives               Time (hr)       Product           Mp (Obsd) (°C) 

1 

  

2                    3                    195-197  
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The second-order rate constant at 25°C (kovr = 17.88 min-1·M-1) is then automatically calculated us- ing standard 
equations within the program [30]. 
 
3.2 Effect of Concentration  
In the third experiment, in order to obtain the partial order of reaction regarding 2, 6-dichlorobenza-ldehyde 2, we 
followed the reaction kinetics by plotting the UV/vis absorbance versus time at a wave- length of 420 nm for the 
concentrations stated above to create the pseudo-order conditions. With resp- ect to this value, the zero, first or 
second curve fittings were drawn automatically for the reaction usi- ng the software [30] associated with the UV/vis 
instrument. The original experimental absorbance ag-ainst time data made a pseudo-first-order available fit curve at 
420 nm, which exactly fits the experi- mental curve (dotted line) displayed in Fig. 3. 
 
For this case, the rate law can be expressed as equations (2): 
 

Rate = kovr[1]α[2]β 

 
Rate = kobs[2]β                                                                                 (2) 

 

k��	 	= ����
��α                                                                                     (3) 

 
It is obvious that the reaction is first order with respect to 2, 6-dichlorobenzaldehyde 2, β=1. Wher-eas overall order 
of reaction is 2 (α+β=2). Since β =1, it is reasonable to accept that the reaction is fir- st-order with respect to 
compound 1 (α =1).  
 
Herein, the pseudo-first-order rate constants, kobs were determined according to equation (3) by the software 
associated within the UV/vis instrument (kobs= 0.1742). By substituting the value of kobs obtained from this 
experiment in equation (3) the value of kovr is achieved: 
 

k��	 = 0.1742
1 × 10�� = 17.42 

 
In fact, the obtained kovr(17.42) from equation (3) in the third experiment is nearly equal to (kovr= 17.88 min-1·M-1) 
obtained from the second experiment (equation (1))  . This agreement also shows that the reaction is first order with 
respect to reactant 1 and indicates that α is one in equation (1). 

 
 

Fig. 2 Absorption changes versus wavelength for the reaction between 1 (10-2 mol·L-1) and 2 (10-2 mol·L-1) in formic acid for the 
generation of pro- duct 3 at 2 min intervals up to 30 min; the upward arrow indicates the direction of the reactions progress 
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Fig. 3 The original experimental absorbance curve versus time at a selected wavelength of 420 nm for the reaction between 1 (10-2 mol·L-

1), and 2 (10-2 mol·L-1) in formic acid. The dotted curve shows experimental values, and the solid line is the fitted curve 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 The original experimental absorbance curve versus time (dotted line) along with the first pseudo order fit curve (solid line) ) in 
relation to 2, 6-dichlorobenzaldehyde 2 (β= 1) for the reaction between 1 (10-2 M) and 2 (10-3M) in for- mic acid 

 
3.3 Solvents and temperature dependence of k1 

To determine the effect of in temperature change and solvent environment on the rate of reaction, it was elected to 
perform various experiments using different temperatures and solvent polarities but otherwise under same condition 
as the previous experiment. The effect of temperature on the rate of this reaction was studied in the range of 20–
35°C. As shown in (Table. 2). The reaction rate increased along with increasing temperature, and the second-order 
rate constants of the reactions were obtained. Physical and chemical characteristics of solvents can cause variations 
in many reactions. To compare the effect of different solvents, solutions were prepared in various solvents. So, lone 
formic acid with a dielectric constant (58 D) and a mixture of acetic acid and formic acid (47.46 D, formic acid: 
acetic acid, 8:2) were chosen as suitable solvents. It can be observed that the rate constant (kovr) decreases in the 
presence of the solvents with a lower dielectric constant at all temperatures investigated and under same conditions 
(Table 2). 
 

Table. 2 Reaction rate constants (kovr M -1·min-1) at different temperatures and solvents under the same conditions for the reaction 
between 1 (10-2 mol·L-1) and 2 (10-2 mol·L-1) 

 
 
 
 
 
 
 
 
As can be seen in Table. 2 and Fig. 5, in the studied temperature range, the second-order rate constant (ln k1) of the 
reaction was inversely proportional to the temperature, which is in agreement with the Arrhenius equation: 
 

ln (kovr=k1)= ln A - 
� 
!"                                                                                           (4) 

kover(M -1·min-1)   

Solvent                                 ɛ(D)            λ(nm)                20ºC                25ºC                30ºC              35ºC 

formic acid 58                420 
12.88 17.88  35.01 51.99 

(0.0017) (0.0008) (0.0311) (0.032) 
mix formic acid / 

acetic acid  (80:20) 
47.46            420 

4.99 9.99 17.08 32.12 
(0.0089) (0.0126) (0.0148) (0.0182) 
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As shown in Figure. 5, the apparent activation energy (Ea) in formic acid was calculated as (72.84 kJ·mol -1) and in 
a mixture of solvent was (91.89 kJ·mol-1). R, Ea and intercept (lnA) of the straight line that best fits the points (Fig. 
5). The higher activation energy (Ea = 91.89 kJ·mol-1) was obtained in a mixture of solvent, while the value in 
formic acid was smaller, which means the reaction will occur more easily in the latter solve- nt. Two methods were 
used to estimate the activation energy. As expected, the results were approximately the same and the obtained values 
are given in (Table. 3) for both solvents. Eyring theory of reaction rates was used to evaluate the activation 
parameters involving ∆H‡ and ∆S‡ (Fig. 6a). The activation parameters were determined from the Eyring equation 
(5) and linearized form of the Eyring equation (6) [41, 42].       
                  
       

  
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 Dependence of second order (ln kove = ln k1) on reciprocal temperature for the reaction between reactants (1) and (2) in the 

presence of formic acid measured at a wavelength of 420 nm in accordance with the Arrhenius equation 
 

  
 
Fig. 6 A, B Eyring plots according to Eqs. (5) and (6) for the reaction between 1 and 2 in two different solvents at a wavelength of 420 nm 
 
Two plots were drawn on the basis of the mentioned equations [(5) and (6)]. From the slopes and intercepts of these 
plots, the activation enthalpy and entropy were evaluated. A different linearized form of Eyring equation 
{Tln	(k��	 T⁄ ) versus T} was examined (Fig. 6B) to check the comparison between the two methods [43]. As 
expected, the results were approximately the same and the obtained activation parameters are given in Table. 3 for 
both solvents. It is inferred that the activation enthalpy in formic acid with a high reaction rate is less than in a 
mixture of formic acid/acetic acid. The positive activation entropy indicated a greater degree of ordering in the 
initial state than the transition state. These results suggest that in a mixture of solvent, the transition state is more 
disordered than in formic acid with respect to the ground state (Table. 3). The Gibbs free energy was determined 
using the Eq. (7):  
 

∆G‡ = ∆H‡ - T∆S‡ (7) 

Ln	 *+�T , = -Ln k.h + ∆2ǂ
R 4 − ∆6ǂ

RT 																		(5) T × Ln*+�T , = T × -Ln	 k.h + ∆2ǂ
R 4 − ∆6ǂ

R 									(6) 

y = -11.052x + 39.347

R² = 0.9982

y = -8.7626x + 32.407

R² = 0.9819
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The Gibbs activation energy is essentially the energy requirement for a molecule to undergo the reaction. It is of 
interest to note that the activation Gibbs energies ∆G‡ for both solvents are positive and the value of the activation 
Gibbs energy in formic acid is lower than that in a mixed solvent. 
 
Table. 3 Activation parameters (∆S‡, ∆H‡ and ∆G‡) using Eyring’s equation and a linearized form (A from Eq. (5) and B from Eq. (6)) for 

the reaction between 1 (10-2 mol·L-1) and 2 (10-2 mol·L-1) in the presence of formic acid and mixed formic acid/acetic acid as a solvent 
 

a: Calculated from Arrhenius Equation.  
b: Ea= ∆H‡ + RT 
 
When absorption spectra are measured in solvents of different polarity, it is found that the positions, intensities, and 
shapes of the absorption bands are usually modified by these solvents [44]. Most absorption spectroscopy of organic 
compounds is based on transitions of n or π electrons to the π*  excited state. This is because the absorption peaks for 
these transitions fall in an experimentally convenient region of the spectrum (200-500 nm). These transitions need 
an unsaturated group in the molecule to provide the π electrons. The UV/vis spectra of 2-(2, 6-dichlorophenyl)-2, 3-
dihydroquinazolin-4(1H)-one are composed of n- π*  and π–π*  absorption bands, which show solvent effects; see 
Fig. 7. For the n-π*  transition of this compound (λmax = 393 nm in formic acid and λmax =361 nm in a mixture of 
formic acid/acetic acid), a big red shift of (∆λ = 32 nm) is observed when going from a mixture of formic acid and 
acetic acid (8: 2) to formic acid as solvent. This big band shift is again mainly due to hydrogen bonding to the 
carbonyl group. Red shifts in n-π*  transitions are caused mainly by disperse- on effects. The excited state always has 
a larger polarizability than the ground state because an electron is promoted to a more diffuse orbital in which it is 
more polarizable. Thus the dispersion interaction of the excited solute with the solvent will be larger than the 
dispersion interaction of the ground-state solute with the solvent. The excitation energy decreases, resulting in a red 
shift. Incidentally, the n-π* transition energies of carbonyl groups in different solvents indicate the importance of the 
ground -state stabilization by solvents. Similarly, for π-π*  absorption when going from a nonpolar to a polar solvent, 
the π-π*  absorption also undergoes a bathochromic shift. This effect is greater for the excited state, and so the 
energy difference between the excited and unexcited states is slightly reduced resulting in a small red shift. This 
contradictory behavior of absorption bands along with changes for this reaction are shown in Fig. 7(A, B). 

n

   
Fig. 7 A) Absorption changes versus wavelength and transfers occurrence for the reaction between 1 and 2 in formic acid for the 
generation of product 3. B) Absorption changes versus wavelength and transfers occurrence for the reaction between 1 and 2 in a 

mixture of formic acid and acetic acid (8:2) 
 
3.3 Effect of catalyst     
The reaction between 1 and 2 was accomplished in the presence of maltose as a second catalyst. The reaction rate 
was increased compared to formic acid (Table 4); that is, maltose has more interactions than formic acid, so, it can 
have more capability to carry out its catalytic role. According to results presented in Table. 4 maltose is a suitable 
catalyst for this reaction. Maltose, by creating hydrogen bonds with reagents, helps to speed up the rate of reaction. 
These hydrogen bonds are for-med between maltose and oxygen of carbonyl group in 2, 6-dichlorobenzaldehyde. So 
with the formation of hydrogen bonds, free electron pair of nitrogen can easily to attack the carbonyl group, thus the 
reaction rate increased. 

Solvent                                        methods                                  ∆H‡                 ∆S‡                ∆G‡                  Ea 
                                                                                                          (kJ.mol-1)      (J.mol-1K-1)         (kJ.mol-1)          (kJ.mol-1) 

formic acid linearized form A  70.45 16.47  65.54  72.84a  
72.88b  linearized  form B 70.35 16.13 65.54 

A mixture of formic acid/acetic  
acid (20:80)  

linearized  form A  89.36 73.76  67.38 91.89 a 
91.79b  linearized  form B 89.39 73.83 67.39 

A B 
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Table. 4 Effect of various catalysts on the reaction between 1 and 2 at 25ºC and 420nm 
 
 
 
 
4. Speculative Mechanism 
Utilizing the above results, the simplified scheme of the proposed reaction mechanism (Fig. 8) is shown in Fig. 9. 
 

 
Fig. 8. The proposed reaction mechanism as a possible explanation for reaction between 1 and 2 in the presence of formic acid 

 

Catalyst  kobs(M.min-1)              SD 
Formic acid 

Maltose 
 

17.88                        0.0008 
21.07                         0.022 
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1 + 2 + cat
k1

I1

I1
k2

I2 + cat + H2O

k3

step 1:

step 2:

step 3: 3

[ o ]

+ H2OI2

k-1

  
  

Fig. 9. The simplified scheme for the proposed reaction between 2, 6-dichlorobenzaldehyde 1 and 2-aminobenzamide 2 in the presence of 
formic acid as a solvent and catalyst 

 
To investigate which steps of the proposed mechanism (Fig. 8) could be a rate determining step, the rate law is 
written using the final step for the product 3: 
 rate = k:�I�                                                                                                             (8) 
 
The steady state assumption can be employed for obtaining the concentration of [I2] which is generated from the 
following equations: 

<�=>
<? = k��I� − k:�I� = 0																																																																																																(9)     

      k��I� = k:�I�																																																																																																																					(10)   
 
The value of equation (10) can be replaced in the equation (8) so the rate equation becomes: 
 rate = k��I�																																																																																																																									(11)  
 
For obtaining the concentration of intermediate [I�] the following equations were yielded by applyi- ng the steady 
state assumption: d�I�dt = k��1�2�cat − k���I� − k��I� = 0																																																															(12) 
 k��1�2�cat = (k�� + k�)�I�																																																																																									(13)		 
 

�I� = k�	�1�2�cat(k�� + k�) = 0																																																																																																					(14)		 
 
And with the placement of equation (14) in (11) the following equation is obtained: 
 

rate = k�k�	�1�2�cat(k�� + k�) 																																																																																																								(15) 
 
The following equation can be obtained: 
 

kove = 
�C�>	

(�DCE�>)
                                                                                                             (16)     

                              
Rate = kove[1] [2]                                                                                                           (17) 

 
The final equation (17) indicates that the overall order of the reaction is two which was formerly confirmed by the 
UV/vis experimental data. Herein, there are two possibilities for the RDS. Because of the absence of k3 (step3) in the 
rate law, this step could not be a rate determining step. For this reason, two possibilities for step1 (k1) and step2 (k2) 

were considered. If step1 is a rate determining step, the assumption, k−1≪ k2, is reasonable, therefore the rate law can 
be expressed: 
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Rate = k��1	�2																																																																																																																											(18) 
 

That means the overall rate constant kove is exactly the same with the first rate constant: k1 = kove. It would be good 
to remember that the first step is inherently a slow step. Effect of solvent generally that influences much more on the 
rate of slow step that has been observed in this work. Herein, experimental results (effect of solvent) practically 
indicated that the solvent with higher dielectric constant (for- mic acid, D= 58) has a dipole-dipole interaction more 
with the transition state structure (Ts1) with partial charges in comparison to reactant 1 and 2 with no charges. As a 
result, reduction of the activation energy speeds up the rate of reaction (see Table. 3). 
 
If (step2) is a rate determining step, the speculation, k−1≫ k2, is logical, so the rate law can be stated as: 
 

rate = k�k�	�1�2(k��) 																																																																																																																				(19) 
 
The new rate law is still the second order and in agreement with the results obtained by the UV/vis experiments. 
Herein, intermediate (I1) participated lonely in step2 for the elimination of H2o, hence, this process which starts with 
an lone intermediate is inherently fast, particularly, in the presence of a protic solvent such as formic acid. As a 
result, equation (18) can be accepted as a rate law. On the bas- is of reports in other literatures [45], in the pH range 
near or above neutrality, imine formation (I2), step2 (k2) is a rate determining step in the reaction mechanism, while 
in the acidic pH range, step1 (k1) is a rate determining step[35]. Herein in the presence of formic acid or a mixture of 
formic acid and acetic acid the reaction proceeds in the pH range below neutrality, thus the first step1 (k1) is a rate 
determining step. 

 
CONCLUSION 

 
Kinetic investigation of the recent reaction was undertaken using UV spectrophotometry technique. The results can 
be stated as follows: 
1. The overall order of the reaction followed second-order kinetics and the reaction order of each reactant 2, 6-
dichlorobenzaldehyde 1, and 2-aminobenzamid 2 is 1 and 1, respectively . 
2. The overall rate constants of the reaction were calculated successfully at all investigated solvents and 
temperatures. 
3.  In solvents with higher dielectric constants, the rate of all reactions increased, and this could be related to the 
stabilization differences of the reactants and the activated complex by the solvent in the transition state (Ts1, step1) 
of reaction mechanism. 
4.  Based on the experimental data, the first step of the suggested mechanism was identified as a rate-determining 
step (k1) and this was confirmed by the steady state assumption, solvent investigation and reports in other literatures 
[35]. 
5.  Activation energy (72.84 kJ.mol-1) was calculated for the reaction in the formic acid and a mixture of formic acid 
/acetic acid.  
6. In both solvent, the reaction is enthalpy controlled (∆H‡ is much greater than T∆S‡). 
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