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ABSTRACT

Kinetic of the synthesis reaction of 2-(2, 6-dicbfzhenyl)-2, 3-dihydroquinazolin-4(1H)-one in theegence of 2-
aminobenzamid and 2, 6-dichlorobenzaldehide has Bpectrally investigated. For this purpose, partaneof the
reactions were monitored by UV/vis spectrophotoyéd€metics of the reaction including the effectsh® amounts
of 2, 6-dichlorobenzaldehide, presence of maltcsea a&atalyst, temperature, and different polar eatg on the
reaction rate were investigated in detail. Ratioeaplanations to account for the unique resultpeeslly for the
temperature and solvent effects on the reactiop,rate also provided. A rate law consistent with tthserved
kinetic data and the proposed mechanism was sugmjelst the PH range near or above neutrality imiosmation

in step (rate constant (§ of reaction mechanism) was a rate determining,dbeit in the present work in the acidic
pH range (formic or acetic acids) rate deterministgp is step(k;) of reaction mechanism, this confirmed based
upon the steady state and the solvent studies errdhction rate. In both solvent, the reaction veaghalpy
controlled ¢H* is much greater thanJS’), never the lesgS' in the formic acid was less than a mixture of fierm
acid/ acetic acid, this imply that why the reactmecur more easily in the formic acid.

Keywords: Kinetics, Catalyst, Mechanism, Heterocyclic compibu8, 3-dihydro-2phenylquinazolin 4(1H)-one,
maltose.

INTRODUCTION

Literature reports that quinazolinone moieties hiawen explored as key functional groups in a waétanticancer
agents. Many quinazolinon- es have contributedh¢oquest for an ultimate antitumor chemotherapegent. 2, 3-
dihydrog- uinazolin-4(1H)-one${g. 1) shows promising antitumor potency [1].
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Fig. 1 2, 3-dihydroquinazolin-4(1H)-one

2,3-dihydroquinazolin-4(1H)-ones are known to pessadiverse pharmacological properties [2—4]. Quitinanes
and their derivatives are an important class ofefietocycles, of interest medicinal chemists dughé&ir various
biological activities such as hypnotic, sedativeglgesic, anticonvulsant antitussive, antibacteaatidiabetic, anti-
inflammatory, antitumor activities [5] and herbialdagents, as well as plant growth regulators @&rtain DHQ
derivatives may also have interesting featureshgirtelectronic spectra [5]. In addition, these poomds, as
chemical intermediates, can easily be oxidizedhtgirtcorresponding quinazolin-4(3H)-ones [7], white also
important biologically active heterocyclic composn{B, 9]. Various works are devoted to the synthesi
quinazolin-4(3H)-ones either by oxidation of 2, iBydlroquinazolin-4(1H)-ones using suitable oxidiagents
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[10,11] or by various condensation procedures [62—-Many classical methods for the construction2pf3-

dihydro-2-aryl-4(1H)-quinazolinones have been emgtb [17-19]. Several methods have been reportedhfor
synthesis of 2, 3-dihydroquinazolinones. Among théhe most direct procedure includes condensatioth®

appropriate derivatives of anthranilamide with &ehyde or ketone in the presence of Brgnsted @clictwis acid
[20-24]. Synthesis of this class of compounds hesnbcarried out with different methods includinghaee-

component coupling of isatoic anhydride, primaryirees, and aldehydes with different catalysts [2h-29 this

paper, we report our kinetic study for the reacttb2-aminobenzamid with 2, 6-dichlorobenaldehytd238-308 K
and atmosphere pressure using the relative ratpleswith spectrophotometric (UV/vis) techniquetelrature
reports that quinazolin- one moieties have beetoexp as a key functional group in a variety ofiearicer agents.
Previously, numerous kinetic investigations haverbeported using this technique [30-39].

EXPERIMENTAL SECTION

2.1 Chemicals and Apparatus Used

Starting reagents 2-aminobenaniid98%) and 2, 6-dichlorobenzaldehi@e(98%) and the solvents formic acid
(99/5%) and acetic acid (99/5%) were obtained frislarck (Darmstadt, Germany) and used without further
purifications. All spectra and kinetic measurememse recorded on a Cary UV/ vis spectrophotommiedel Bio-
300 with a 10 mm light-path quartz cell equippethvei water thermostat cell throughout the currewrtiwv

2.2 Synthesis of 2-(2, 6-dichlorophenyl)-2, 3-dihydquinazolin-4(1H)-one

To evaluate the generality of the process, the otkthised for the synthesis of 2-(2, 6-dichlorophgh-2, 3-
dihydroquinazolin-4(1H)-one was studiedabple. 1). The mixture of 2-aminobenzamide (1 mmol), 2, 6-
dichlorobenzaldehyde (1 mmol) and formic acid () ms stirred at room temperature. After completdrihe
reaction (monitored by TLC), the reaction mixturasmvashed with }0. The residue was then recrystallized from
EtOH to furnish the pure product 2-(2, 6-dichlorepil)-2, 3-di- hydroquinazolin-4(1H)-one. For thisaction
melting points were measured on an Electrotherm@0%pparatuskesults have been shown(irable. 1).

Table. 1 Synthesis of 2-(2, 6-dichlorophenyl)-2, 8thydroquinazolin-4(1H)-one using formic acid as aolvent and catalyst

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

1 cl cl 2 3 195-197

RESULTS AND DISCUSSION

3.1 General Procedure

To investigate the mechanism of the reaction batw&eaminobenzamide and 2, 6-dichlorobenzaldehydthén
presence and absence of some catalyst, the kinegiesstudied at different temperatures in forngicl as a solvent
and catalyst. A conventional kinetic method foredetining the values of rate constants was usedseT heactions
were studied spectrophotometrically. All reactiamsre conducted at 25 °C, except in those whereetteets of
temperature were investigated. The temperaturgbeofreaction mixtures were controlled throughoutkaletic
experiments to £ 0.1 °C .All solutions were preplabg measuring the calculated amounts of substandesmic
acid. The reactions were initiated by mixing equallimes of 2-aminobenzamide and 2, 6-dichlorobeletaide in
the quartz cuvette. During all experiments the eotration of 2-aminobenzamide and 2, 6-dichlorob&tehyde
was constant (1x1D M), except under pseudo-order conditions where tncentration of 2, 6-
dichlorobenzaldehyde was (1%x10M). Spectral changes in the first experiment tsylfrom the mixing of 2-
aminobenzamide (1xT0M) and 2, 6-dichlorobenzaldehyde (1514), were recorded over a wavelength range of
200-500 nm as a suitable wavelength at which thetki experiments could be performed. The absosahanges
of the mixed solution were recorded in 2 minutetimal during the whole reaction time at ambientgem ature
(Fig. 2). From this, the appropriate wavelength was disoed to be 420 nm. Since at this wavelength, ratc(d),
(2) and intermediates have no relatively absorbaatgey it provides the opportunity to fully investg the kinetics
and mechanism of the reaction. Hence, in the seergpdriment, the reaction was undertaken under samgitions
at 420 nm and 25°C for recording absorbance cugaénat time Fig. 4). As can be seen iRig. 3, the original
experimental absorbance curve versus time (doitedl éxactly fits the second order fit curve (sdiige) [40]. So,
the reaction is second order+(3 =2), and the general reaction rate is describetthdkinetic equation:

Rate = Kk, [1]%[2]# 1)
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The second-order rate constant at 25°G, k 17.88 mift-M™) is then automatically calculated us- ing standard
equations within the program [30].

3.2Effect of Concentration

In the third experiment, in order to obtain thethrorder of reaction regarding 2, 6-dichlorobetdshyde2, we
followed the reaction kinetics by plotting the Ui$\absorbance versus time at a wave- length ofrd2Gor the
concentrations stated above to create the pseuthy-opnditions. With resp- ect to this value, tleeoz first or
second curve fittings were drawn automaticallytfer reaction usi- ng the software [30] associatiéd the UV/vis
instrument. The original experimental absorbancaiagt time data made a pseudo-first-order avaléibcurve at
420 nm, which exactly fits the experi- mental cugdetted line) displayed iRig. 3.

For this case, the rate law can be expressed asi@os (2):

Rate = k,[1]°[2]®

Rate = kyJ2]? )
— kO S
ovr — [1}3& (3)

It is obvious that the reaction is first order wittspect to 2, 6-dichlorobenzaldehy@j§=1. Wher-eas overall order
of reaction is 2 {+p=2). Sincef =1, it is reasonable to accept that the react®ofiri st-order with respect to
compoundL (o =1).

Herein, the pseudo-first-order rate constantss Were determined according to equation (3) by tbi#ware
associated within the UV/vis instrument,fk 0.1742). By substituting the value ofykobtained from this
experiment in equation (3) the value gf ks achieved:

0.1742

ovr — W = 1742

In fact, the obtained k(17.42) from equation (3) in the third experimennearly equal to (= 17.88 mifn-M™)
obtained from the second experiment (equation [)js agreement also shows that the reactionds dirder with
respect to reactadtand indicates that is one in equation (1).
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Fig. 2 Absorption changes versus wavelength for theaction between 1 (18 mol-L™) and 2 (10° mol-L™?) in formic acid for the
generation of pro- duct 3 at 2 min intervals up ta0 min; the upward arrow indicates the direction ofthe reactions progress
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Fig. 3 The original experimental absorbance curveersus time at a selected wavelength of 420 nm fdre reaction between 1 (1&mol-L°
%), and 2 (16° mol-L™) in formic acid. The dotted curve shows experimeii values, and the solid line is the fitted curve
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Fig. 4 The original experimental absorbance curveersus time (dotted line) along with the first pseud order fit curve (solid line) ) in
relation to 2, 6-dichlorobenzaldehyde 2= 1) for the reaction between 1 (1&M) and 2 (10°M) in for- mic acid

3.3 Solvents and temperaturelependence of k

To determine the effect of in temperature changksaivent environment on the rate of reaction,aswlected to
perform various experiments using different tempees and solvent polarities but otherwise underesaondition
as the previous experiment. The effect of tempegabum the rate of this reaction was studied inrthvege of 20—
35°C. As shown inTable. 2). The reaction rate increased along with increpgémperature, and the second-order
rate constants of the reactions were obtained.i®lyend chemical characteristics of solvents camse variations
in many reactions. To compare the effect of différ®lvents, solutions were prepared in variousestk. So, lone
formic acid with a dielectric constant (58 D) andnixture of acetic acid and formic acid (47.46 Drrfiic acid:
acetic acid, 8:2) were chosen as suitable solvdéintan be observed that the rate constagt)(Hecreases in the
presence of the solvents with a lower dielectrinstant at all temperatures investigated and urateesonditions
(Table 2).

Table. 2 Reaction rate constants ¢¢ M min™) at different temperatures and solvents under thsame conditions for the reaction
between 1 (16 mol-L™%) and 2 (10° mol-L?)

Kove(ML-min™)

Solvent ¢(D) A(nm) 20°C 250C  30°C 35°C
— 12.88 17.88 35.01 51.99
formic acid 58 420 00017) (0.0008) (0.0311)  (0.032)
mix formic acid / 47.46 420 4,99 9.99 17.08 32.12
acetic acid (80:20) : (0.0089)  (0.0126)  (0.0148)  (0.0182)

As can be seen ifiable. 2andFig. 5, in the studied temperature range, the second-oatie constant (In. of the
reaction was inversely proportional to the tempergtwhich is in agreement with the Arrhenius et

In (Kow=kp)= I A -2 (4)
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As shown inFigure. 5, the apparent activation energy (Ea) in formiclagas calculated as (72.84 kJ-nfpland in

a mixture of solvent was (91.89 kJ-MplIR, Ea and intercept (InA) of the straight lihat best fits the point$ig.

5). The higher activation energy (Ea = 91.89 kJ:ieVas obtained in a mixture of solvent, while ttaue in
formic acid was smaller, which means the reactidhogcur more easily in the latter solve- nt. Twethods were
used to estimate the activation eneyg expected, the results were approximately theesand the obtained values
are given in Table. 3) for both solvents. Eyring theory of reaction sat®as used to evaluate the activation
parameters involvingH* andAS' (Fig. 6a). The activation parameters were determined frioenByring equation
(5) and linearized form of the Eyring equation @), 42].

d g k kg AsY ant
A (E): kg  ASTY _AH B (_1): Kg  AST\ _AH
Ln T th+R RT (5) T X Ln T T x th+R R (6)
45 -
4
3.5 -
3 a
=25 -
= 5 | y=-11.052x+39.347
= R? = 0.9982
1.5 -
1 a
05 1 * Formic acid/ Acetic acid
0 T T T T 1
3.2 3.25 3.3 3.35 3.4 3.45

1000/T

Fig. 5 Dependence of second order (In,)s= In k;) on reciprocal temperature for the reaction betwer reactants (1) and (2) in the
presence of formic acid measured at a wavelength 420 nm in accordance with the Arrhenius equation
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Fig. 6 A, B Eyring plots according to Egs. (5) and6) for the reaction between 1 and 2 in two diffenet solvents at a wavelength of 420 nm

Two plots were drawn on the basis of the menticemahtions [(5) and (6)]. From the slopes and ijgts of these
plots, the activation enthalpy and entropy wereleatad. A different linearized form of Eyring eqioet
{Tln (koy/T) versus T} was examined-ig. 6B) to check the comparison between the two methd8% As
expected, the results were approximately the sarddlee obtained activation parameters are givehaiie. 3 for
both solvents. It is inferred that the activatiarthalpy in formic acid with a high reaction rateléss than in a
mixture of formic acid/acetic acid. The positivetiaation entropy indicated a greater degree of ongein the
initial state than the transition state. These Itesuggest that in a mixture of solvent, the tit@oms state is more
disordered than in formic acid with respect to ¢ineund stateTable. 3). The Gibbs free energy was determined
using the Eq. (7):

AG* = AHF - TAS 7)
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The Gibbs activation energy is essentially the gpneequirement for a molecule to undergo the reactit is of
interest to note that the activation Gibbs energi@ for both solvents are positive and the value efahtivation
Gibbs energy in formic acid is lower than that imixed solvent.

Table. 3 Activation parameters AS', AH* and AG¥) using Eyring’s equation and a linearized form (Afrom Eq. (5) and B from Eq. (6)) for
the reaction between 1 (18 mol-L™) and 2 (10° mol-L™) in the presence of formic acid and mixed formic @id/acetic acid as a solvent

Solvent methods AH* ASF AG* Ea
(kd.mof)  (J.mol’K?) (kJ.mol%) (kJ.mol%)
formic acid linearized form A 70.45 16.47 65.54 72.84
linearized form B 70.35 16.13 65.54 72.8¢8
A mixture of formic acid/acetic linearized form A 89.36 73.76 67.38 91.89
acid (20:80) linearized form B 89.39 73.83 67.39 91.7¢

a: Calculated from Arrhenius Equation.
b: Ea=AH* + RT

When absorption spectra are measured in solvertgfefent polarity, it is found that the positigristensities, and
shapes of the absorption bands are usually modifyetthese solvents [44]. Most absorption spectnegad organic
compounds is based on transitionsak z electrons to the* excited state. This is because the absorptionspieak
these transitions fall in an experimentally coneaniregion of the spectrum (200-500 nm). Thesesitians need
an unsaturated group in the molecule to providertblectrons. The UV/vis spectra of 2-(2, 6-dichldrepyl)-2, 3-
dihydroquinazolin-4(1H)-one are composednefr* andz—z* absorption bands, which show solvent effects; see
Fig. 7. For then-z* transition of this compoundhax = 393 nm in formic acid addnax =361 nm in a mixture of
formic acid/acetic acid), a big red shift @\ = 32 nm) is observed when going from a mixturdoomic acid and
acetic acid (8: 2) to formic acid as solvent. Thig band shift is again mainly due to hydrogen hngdo the
carbonyl group. Red shifts mz* transitions are caused mainly by disperse- orceff@ he excited state always has
a larger polarizability than the ground state bseaan electron is promoted to a more diffuse drbitavhich it is
more polarizable. Thus the dispersion interactiérihe excited solute with the solvent will be larghan the
dispersion interaction of the ground-state soluith the solvent. The excitation energy decreasesjlting in a red
shift. Incidentally, then-z* transition energies of carbonyl groups in differsolivents indicate the importance of the
ground -state stabilization by solvents. Similafbr,z-z* absorption when going from a nonpolar to a potdwent,
the z-7* absorption also undergoes a bathochromic shifis €ffect is greater for the excited state, andhso
energy difference between the excited and unexdaitatds is slightly reduced resulting in a smadl shift. This
contradictory behavior of absorption bands alonipwhanges for this reaction are showifrig. 7(A, B).
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Fig. 7 A) Absorption changes versus wavelength anichnsfers occurrence for the reaction between 1 an in formic acid for the
generation of product 3. B) Absorption changes vets wavelength and transfers occurrence for the reéion 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 accomplishedeiptbsence of maltose as a second catalyst. Theoreaate

was increased compared to formic acidlfle 4); that is, maltose has more interactions than iommid, so, it can
have more capability to carry out its catalyticerohccording to results presentedTiable. 4 maltose is a suitable
catalyst for this reaction. Maltose, by creatinglfogen bonds with reagents, helps to speed upatkeof reaction.

These hydrogen bonds are for-med between maltasexaigen of carbonyl group in 2, 6-dichlorobenzalge. So

with the formation of hydrogen bonds, free electpair of nitrogen can easily to attack the carba@rglup, thus the
reaction rate increased.
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Table. 4 Effect of various catalysts on the reactiobetween 1 and 2 at 25°C and 420nm

Catalyst kn(M.min%) SD
Formic acid 17.88 0.0008
Maltose 21.07 0.022

4. Speculative Mechanism
Utilizing the above results, the simplified scheofi¢he proposed reaction mechanigtig( 8) is shown inFig. 9.

0
/ 0
Hc\oH wd
‘\“ \0\
cl (O H
Step1: | y H,N
e - k4 Cl OH
+ H,N — .
cl | N
1 2 Cl H,N" o
l4
//
',"
HO Cl
Step2: kg CC + H,0
Cl H,N Cl H,N H
|1 |2

k3 |
Step3: K/ - d\ +H,0

Cl H,N (o]

I2
Fig. 8. The proposed reaction mechanism as a podsitexplanation for reaction between 1 and 2 in thpresence of formic acid
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Kk,
step 1: 1+2+cat —— = I
k4
k,
step 2: I, ——= I, + cat + H,0
tep 3: ks
step 3: , —3 = 3 +H,0
[o]

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

To investigate which steps of the proposed mechariisg. 8) could be a rate determining step, the rate law is
written using the final step for the prodct

rate = k3[I,] (8)

The steady state assumption can be employed fainitg the concentration of;JIwhich is generated from the
following equations:

Ll = ka1 = ksllo] = 0 9)

ka[I1] = k3 [I;] (10)
The value of equation (10) can be replaced in theon (8) so the rate equation becomes:
rate = k,[I,] 11

For obtaining the concentration of intermedidtg fhe following equations were yielded by applyg the steady
state assumption:
d[l]

dt = kq[1][2][cat] —k_;[I,] —k;[I;] =0 (12)
ky[1][2][cat] = (k_y + kp)[Li] (13)
Ky [1][2][cat] _
T “‘”

And with the placement of equation (14) in (11) tbkkowing equation is obtained:

_ kik, [1][2][cat]

15
) ()
The following equation can be obtained:
_ _kikg
kove - m (16)
Rate = k\J1] [2] 7)

The final equation (17) indicates that the oveoatler of the reaction is two which was formerly fioned by the
UV/vis experimental data. Herein, there are twospimkities for the RDS. Because of the absence;@¢étep) in the
rate law, this step could not be a rate determisieg. For this reason, two possibilities for stigp) and step(ky)
were considered. If stefs a rate determining step, the assumptiofxkkk,, is reasonable, therefore the rate law can
be expressed:
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Rate = k,[1] [2] (18)

That means the overall rate constagt Is exactly the same with the first rate constant: ko It would be good
to remember that the first step is inherently avsdtep. Effect of solvent generally that influenoasch more on the
rate of slow step that has been observed in thi&k.wderein, experimental results (effect of solyemtactically
indicated that the solvent with higher dielectramstant (for- mic acid, D= 58) has a dipole-dipiolieraction more
with the transition state structure (Ysvith partial charges in comparison to reactaand?2 with no charges. As a
result, reduction of the activation energy spegaitha rate of reaction (s@able. 3.

If (step) is a rate determining step, the speculatioppkk,, is logical, so the rate law can be stated as:

kyk, [1][2]
te = W (19)

The new rate law is still the second order andgreement with the results obtained by the UV/vipeziments.
Herein, intermediate {) participated lonely in stggor the elimination of Kb, hence, this process which starts with
an lone intermediate is inherently fast, partidylain the presence of a protic solvent such asforacid. As a
result, equation (18) can be accepted as a rateQavthe bas- is of reports in other literatures] [4 the pH range
near or above neutrality, imine formation)(Istep (k,) is a rate determining step in the reaction meishanwhile

in the acidic pH range, stefk;) is a rate determining step[35]. Herein in thespreee of formic acid or a mixture of
formic acid and acetic acid the reaction proceadté pH range below neutrality, thus the firspsig,) is a rate
determining step.

CONCLUSION

Kinetic investigation of the recent reaction waslenmaken using UV spectrophotometry technique. rEselts can
be stated as follows:

1.The overall order of the reaction followed secondeo kinetics and the reaction order of each reac®a 6-
dichlorobenzaldehydg, and 2-aminobenzamilis 1 and 1, respectively .

2.The overall rate constants of the reaction werecutaled successfully at all investigated solventsl a
temperatures.

3. In solvents with higher dielectric constants, thee of all reactions increased, and this coulddiated to the
stabilization differences of the reactants andatbigvated complex by the solvent in the transititete (Tg step)
of reaction mechanism.

4. Based on the experimental data, the first stefh@fsuggested mechanism was identified as a radendieing
step (k) and this was confirmed by the steady state assomsolvent investigation and reports in otheerhtures
[35].

5. Activation energy (72.84 kJ.md)l was calculated for the reaction in the formiadamnd a mixture of formic acid
/acetic acid.

6.1n both solvent, the reaction is enthalpy contaligH* is much greater thanA5").
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