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ABSTRACT

Chalcones (CHAL)were synthesized from substitueeddddehyde and acetophenone, benzaldehyde antitigells
acetophenone and substituted benzaldehyde andtstdxtacetophenone subjected to the cooxidatioprésence
of oxalic acid in aqueous acetic acid medium by chooagid (Cr (VI)). The reactions were carried outden
pseudo-first order condition, and the rate of cdaxion was found to be a unity order with respedtie [Cr (VI)],

a fractional order with respect to substituted atwaies and the order with respect to oxalic acic ifactional
order. The effect of various parameter such a§][INaCl],[NaO j,[pyridine]on rate of cooxidation were studied,
the dielectric constant of the medium have no effeaeaction rate. Comparative study of the ratésooxidation
of substituted chalcones, were done and shownrsepce of electron-releasing group at para posiiiacreases
the rate of cooxidation and electron-withdrawinggp at para position retards the rate of cooxidatio

Keywords: substituted chalcones; chalcones; cooxidation;mfr@cid; oxalic acid.

INTRODUCTION

The oxidizing power of chromic acid well known aitsl ability to oxidize almost all organic compouraisd some
inorganic compound, Chromic acid [Cr(VI1)] is an ionfant and useful tool in the hands of chemisth fmt preparative
and analytical purposes over a century. Many ssunfi¢he kinetics and mechanism were carried dogushromic acid
as an oxidizing agents[ 1-5].

Many features in the kinetics and mechanistic stidthe oxidation of many alcohols by [Cr(VI)],tlehromic acid

oxidation of a mixture of oxalic acid and isopropytohol proceeds much faster than the oxidaticgitbér of the two

substrates alone have been reported by many wptkers observed a very remarkable observationttieatalcohols

undergo, a two — electron oxidation and oxalic @cihe - electron oxidation [6-10] and some othatiss have been
used [Cr(VI)] as an oxidant [11-17].

The importance of chalcones or phenyl styryl kesohecause they have a unique structural featunavirig a C=0
functional group in conjugation with C=C and theolhmolecule is in conjugation. It exhibits variobmlogical
activities and also its utility in synthesis of iars heterocyclic compounds. They have been repageplant origin,
antioxidant, antimalarial, antiflammatory, antitwmo antifibrogenic, anticancer, antitrichomonaltileishmanial,
cytotoxic and anti-Trypanosoma cruzi and antib&terctivities [18-26]. The presence of a reactivp-unsaturated
keto function in chalcones is found to be respdedir their antimicrobial activity that may beeitd depending on the
type and position of substituent on the aromatigsi
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The literature scanning shows that the kinetickraachanism of oxidation involving chalcones orrglestyryl ketones
were carried out using different oxidants, In ovevyous work Yousif et al. [27], we have shown tlieatures of
kinetics and mechanism of cooxidation of chalsoaed oxalic acid by chromic acid in aqueous acatid

medium and based on the kinetics data we have peopa suitable mechanism for the reaction, difteogidizing

agents have reported for the oxidation of chalcamekin all these reactions either >G€ >C=0< is attacked
by various oxidants that have been used for thdabixin of chalcones as reported [28-48]our intei@Eontinue
the study of cooxidation of substituted chalcoaed oxalic acid in aqueous acetic acid mediumtantbmpare
the rates and the effect of substituents on th&idation reactions.

EXPERIMENTAL SECTION

All chemicals were AR grade, benzaldehyde and atetoone were used after distillation as describdiddrature
[49].Substituted benzaldehydes, substituted acetopie were AR grade and were used as such. Chalcorees
prepared by the standard procedure [47], recryztallas described in the literature and their mgitvere checked
by usual methods by comparing the melting pointshaficones with values given in the literature[SDdnductivity
water was used throughout the course of the inyatstin. Acetic acid (AR) was twice distilled ovdrromic oxide
containing acetic anhydride[51] (bp. 118°C).

Solutions of chalcones and chromic acid were pegpban acetic acid, oxalic acid prepared in watérsalutions
were thermally equilibrated for 2 h before each. rlihe reactions were carried out under pseudst—firder
conditions by keeping an excess of [chalcones ] [amdlic acid] over [oxidant] ,maintaining the i@nstrength
constant(0.2M)by adding sodium nitrate.

The kinetics of the reactions were studied in acatid medium 50% (v/v) in the blackened flasksaatoid any
photochemical decomposition and the kinetics ofrfaetions were followed by monitoring the reductas Cr(VI1)
iodometrically at regular intervals of time. Undhis conditions of the experiments the solvent westoxidized.
Rate constant were computed from the linear (r30p& of log [Oxidant] against time .In the evdiioa of rate
coefficients, the kinetics were followed to nearf% reaction. Duplicate kinetics run showed that tiites were
reproducible with 3 % .The second order rate cariska was obtained from the relation k k/[Substituted
chalcones ] where; ks the pseudo-first order rate constant.

The product analysis was carried out under kinetieditions .Under the specified conditions of caagion of

substituted chalcones and oxalic acid in aqueoe8caacid medium .It was observed that substitbeenzoic acid
and substituted phenyl acetaldehyde were detegte@iLe and IR spectrum and they compared with thoke
authentic samples . The liberation of Ofiring the oxidation was detected as describeeef27].

RESULTS AND DISCUSSION

In our previous study of the cooxidation of chalesmand oxalic acid by Cr (VI) in aqueous acetic asedium was
carried out at 308K showed the following featuseich have reported earlier Yousif etal. [27].

Effect of varying the [Oxidant]
The order with respect to the [Cr (VI)] under thendition [substituted chalcones]>> [Cr (VI)], theder in [Cr
(VI)] is unity as revealed by the linear plots 0§I[Cr (VI)] against time.

Effect of varying [Chalcones]

The order with respect to chalcones follows fraiocorder and a fractional order for the [substitlithalcones] as
revealed by the slopes of the plots of lggdainst log [substrates]. (Table 1.Figure 1 a).
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Table- 1: Effects of varying [reactants] on the reation rate (Yousif Algamal et al. [27])
| = 0.2 mol dri?; Temp: 308 K; Solvent: HOAc (50% V/v)

10°[CHAL] | 1C0°[Cr(VD)] | 10°[OxH,) 10 k; (S1
Mol dm™ Mol dm™ Moldm=® [ CHAL |[CH,O-CHAL [CHs CHAL [Cl-CHAL [Br-CHAL [NO ,-CHAL
2 4 4 0.0824! 0.190¢ 0.123¢ 0.0543! 0.0465¢ 0.00021:
4 4 4 0.204; 0.354¢ 0.243¢ 0.1384° 0.0744! 0.00045!
6 4 4 0.39012 0.6012 0.6312 0.23345 0.10495 0.09072
8 4 4 0.61153 0.9675 0.9403 0.3669 0.12346 0.002345
10 4 4 1.05224] 1.4624 1.6242 0.6137p 0.16042 07®54
r 0.99 0.98 0.98 0.98 0.99 0.99
slope 2.05 1.90 1.89 2.05 - -
2 2 4 0.0428 0.1234 0.1134 0.03435 0.03541 0.0001]23
2 4 4 0.08245 0.2436 0.1424 0.06724 0.09445 0.09031
2 6 4 0.1845 0.4321 0.2144 0.12824 0.10245 0.0024/54
2 8 4 0.2436 0.7824 0.3211 0.2458 0.16824 0.006827
2 10 4 0.3210 1.2346 0.4234 1.202( 0.19846 0.012345
2 4 2 0.08245 1.2338 0.0934 0.05218 0.04215 0.aD049
2 4 4 0.20125 1.6234 0.3503 0.10445 0.06248 0.69071
2 4 6 0.43216 1.9056 0.7322 0.1628H 0.08286 0.00602
2 4 8 0.71886 2.0124 1.1981 0.2188H 0.09953 0.01545
2 4 10 1.04956| 2.4568 1.6982 0.2611f 0.11998 00245
r 0.98 0.98 0.99 0.99 0.99 0.97
slope 1.60 1.65 1.60 1.60 - -
25
[CrVI)] =4x10™ M ; [OxHJ= 2x10™ M1 = 0.2 mol dm ™ | CH30-H

Temp : 308 K ; Solvent :HOAc (50% viv) A

20 |

1.0

0.2 0.4 0.6 08 1.0
3+ log [CHAL]

Fig.1la: Variation of Chalcones

Effect of varying [Oxalic acid]

The order with respect to oxalic acid follows fiantl order in oxalic acid as revealed by the stopkthe plots of
log k; against log [oxalic acid]. (Table 1., Figure 1b).
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27 [ Cr(v)] =4x10™* M ; [CHAL] = 2x10™° M;
[ 1=0.2 mol dm'3 ;Temp : 308 K ; Solvent :HOAc (5

1

6+logk S*

1 1 1
0.4 0.6 0.8 1.0

3 +log [OxH,]

Fig.1b: Variation of Oxalic acid

Effect of Acetic acid
We witness that virtually there is no change inttie of cooxidation. The rate of cooxidation oalkdones by Cr

(V1) in presence of oxalic acid remain constanguidjh acetic acid proportion is increased in acatic -water
mixture (Table2). Therefore, in all probability @an be rightly assumed that an equilibrium existéwiaen

chalcones and aqueous acetic acid[27].
Table -2: Effects of Solvent HOAc —HO on the reaction rate: (YousifAlgamal et al. [27])

[CHAL] = 2.0 x 10°moldm® ; [Cr(VI)] = 4.0 x10 * mol dm?®
[OxHz] = 4.0 x 10°mol dn?® ; I = 0.2 mol dni¥; Temp: 308 K ;

Solvent : HOAc-HO (% viv) | 10%ky( S?
20 0.081412
30 0.07821
40 0.08012
50 0.082452
60 0.07602
70 0.08134

18

[Cr(vi] =ax10 M ; [CHAL] = 2107 M;[OxH,] = 2107 Mj

1=0.2 mol dm-3 ;Temp : 308 K ; Solvent :HOAc (50% v/v)

15

5+logk, S*

=

N
T
o

0.9 L
0.0 0.2 04

3+log [H]

Fig.2: Variation of [H"]
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Effect of [H"]
The rate of cooxidation increases with an increfgéi”] and the log-log plot of initial rate against[Hgave a
straight line with slope = 0.75 indicating the ardeth respect to [H is a fractional [Figure 2].

Effect of [NaNOs]

The rate of oxidation of chalcones remain constamn the ionic strength of the medium is incredstect of
adding sodium chloride also studied and there ishange in the rates of oxidation of chalconeshieyaddition of
sodium chloride .And addition of aluminum nitratgppresses the oxidation of chalcones with Cr(VIpiesence of
oxalic acid .(Table 3).

Table -3: Effects of adding Aluminum nitrate on the reaction rate: (YousifAlgamal et al. [27 ])
[CHAL] = 2.0 x 10 moldm® ; [Cr(VI)] = 4.0 x10 *mol dn®
[OxH2] = 4.0 x 10°mol dn®; | = 0.2 mol dn?; Temp: 308 K; Solvent: HOAc (50% v/v)

[Aluminum nitrate]M  [10 *ky( SY)
0.0C 0.08245.
1.0C 0.0428t¢
1.50 0.01234
2.00 0.00680
2.50 0.00242

Effect of [substituents] on cooxidation rate:

The cooxidation of chalcones with substituents enzaldehyde moiety such @sCHjz, p-OCH;, p-Cl, p-Br, andp-
NO, groupsand chalcones having substituents on acethiople moiety such ap-€Hs, p-OCH;,, - p-Cl, -p-Br,
and p-NO,and chalcones having substituents on both moistiel as p-Ckip-CHs, p-CH-p-Cl, p-CH-p-Br, p-
CHs-p-NG,, p-Cl-p-CH;, p-Br-p-CH;, p-NO,-p-CH;s, were prepared and the kinetics were conductdémnpseudo-
first order conditions at different temperature®8323°K) to determine the various thermodynamic paranseter
such asAH*, AS, AG" and E.

When substituents are present in the benzaldehydeoiety of the chalcones.
The substituents such as, methyl or methoxy grguesent in the para position of the benzaldehydietymof the
chalcones enhances the rate of cooxidation. Aratrele-withdrawing groups like chlorine atom, bromiatom and
the nitro group at the para position of the berefajde moiety of the chalcones brings down the cdtéhe
cooxidation and the retardation of the rate is nforg-NO, group compared with p-Cl groupand p-Br atoms (&abl
4).

) Table- 4: Effects of varying [reactants] on the reetion rate

| = 0.2 mol dri?; Temp: 308 K; Solvent: HOAc (50% v/v)

7 T
1P[CHAL | 10[crovi)] | 10°[OxH ] 107k (S
Moldm® | Moldm® | Moldm® | CHAL |CHAL-OCH ;| CHAL-CH s CHS" CHB’?" C:g‘;

p 2 2 0.08245]  0.6436 05395 | 0.12036| 0.04265| 0.001196
4 4 4 0.2047 0.8841 06251 | 012847 0.06458 0.003456
6 Z 4 0.39012 0.9272 0.8312 | 0.22345 0.09495 0.0567
8 Z Z 0.61153 1.2345 10403 | 031683 0.10346 0.@0784
10 4 4 1.05224 1.6434 15242 051372 0.14p42  0aM24
2 2 4 0.0428 0.1234 0.0734 | 003485 0.02381 0.000123
2 Z Z 0.08245 0.2436 01424 0.067p4 005445 0.021
2 6 Z 0.1845 0.4321 02144 | 0.128p4 010245 0.004452
2 8 4 0.2436 0.7824 03211 | 02498 0.16824 0.008825
2 10 z 0.3210 1.3346 0.4234| 036572 0.19846 0.6234
2 2 2 0.08245 0.9865 0.6934 | 0.06218 0.03815 0.®014
2 2 4 02012t | 1.453. 0.965. | 0.0965( | 0.0724¢ | 0.00021
2 Z 6 0.43216 1.8764 12345 013406 013386 0.00082
2 Z 8 0.71886 22124 16543 | 01875 0.16843 0.@124
2 Z 10 1.04956 2.6543 2.0548| 026117 0.19087 0®OUS

From the above table we noticed:
p-OCH; > p-CH, > CHAL > p-Cl >p-Br> p-NG,
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When substituents are present in the acetophenoneaiety of the chalcones.

Electron-releasing groups like methoxy and megngups enhances the rate of cooxidation of chalsoeven if it
is present at the para position of acetophenonetgnaif chalcones, and to our surprise, we obsene¢ the
magnitude of enhancement is more or less same wisthyl group is present at the benzaldehyde mattye
chalcones or acetophenone moiety of the chalcoraslé 1). The chlorine substituted chalcones, dtrd group
bring down the rate, the magnitude of retardatibthe rate of cooxidation of (p-Chloro) chalconedgp-Nitro)
chalcones at acetophenone moiety is much morettieamagnitude in the retardation of the rate afxadation p-
Chlorochalcones and p —Nitrochalcones from thdttenfzaldehyde moiety.

- p-OCH;> - p-CH; > CHAL > - p-CI> -p-Br> - p-NO,

Therefore, irrespective of the moieties at which sbstituents are present, that is whether theypm@asent at the
benzaldehyde moiety of the chalcones or at theopbenhone moiety of the chalcones, methyl and metigosups
enhance the rate of cooxidation, and to our swefhie magnitude of enhancement is same, whethsg tireups are
present at the benzaldehyde moiety of the chalconexetophenone moiety of the chalcones.Therefoeecan
easily conclude that apart from electron—withdraytendency there is some other factor operatinpiNlitro)
chalconesin bringing down the rate of cooxidation.

When the same or different substituents are preserih both benzaldehyde and acetophenone moiety ofeh
chalcones.

i) When methyl groups are present at both the Hdakhgde and acetophenone moieties of chalconeg ettteance
the rate of cooxidation than unsubstituted chalspard methyl substituted chalcones at either beelzgde moiety
or acetophenone moiety of the chalcones.

ii) Much retardation is not at all observed if weroduce nitro group at benzaldehyde moiety ef ¢halcones
keeping methyl group at the acetophenone moietlgethalcones.

iii) Much retardation is observed when nitro grasjintroduced at the acetophenone moiety of thalcones while
whatever group is present at the benzaldehyde ynoighe chalcones.

iv)We are wonder struck to observe that if nitrougs are present at both benzaldehyde moietytof chalcones
and at acetophenone moiety of the chalcones, tasdedion in cooxidation is even more.

V) Hence one can easily conclude that the raterer@maent or rate retardation may be due to the grpogsent at
the acetophenone moiety of the chalcones and reotalgroups present at benzaldehyde moiety oftiakegnes.

Further, it is more probable to conclude that ngroups play more havoc, than chlorine, in bringiagvn the rate
of cooxidation of chalcones, further it is obserteal if nitro groups are present at both the bleleteyde moiety of
the chalcones as well as at the acetophenone nadidtg chalcones, the retardation is even mormaginable.

Effect of temperature

The rate of cooxidation of chalcones and oxalid &gi Cr(VI) was measured at different temperaf(@@8-323 K)
and the Arrhenius plot of log,kersus 1/T was all linear. From these plots,thdh@mius and activation parameters
were evaluated [27],[52]. (Table 5,6.Figure 4).@mropy of activation was negative and low , sutiggshat the
transition state is somewhat (rigid) compared ortractant, the constancy in the valuea®t for the cooxidation
reactions indicating that the same type of mecmamisuld be operative for the reaction. The isokintstmperature
was computed from Exner’s plot (figure5).
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Table -5: Effect of temperature on cooxidation rag¢
[CHAL] = 2.0 x 10 moldm®; [Cr(VI)] = 4.0 x10“mol dn¥ :[OxH;] = 4.0 x 10°mol dn? ;
1=0.2 mol dr?; Solvent : HOAc (50% viv)

10% ky (SY
Substrate 308 313 318 323

CHAL 008245 | 0.15179] 0.30424]  0.55654
CH:O- CHAL 024362 | 0.36546| 0.48762 _ 0.78371
Chis- CHAL 012340 | 022991| 0.43616  0.77021
CF- CHAL 005435 | 0.10345| 0.20584  0.36952
Br- CHAL 0.04658 | 0.083199]  0.15225  0.30247
NO,-CHAL 0.000218 | 0.000467 _ 0.00091p _ 0.00198
CHAL-OCH, 0.663618 | 1.02345|  1.82458  3.4908
CHAL-CH, 0539514 | 0.86297| 1.73784 323532
CHAL-CI 0120226 | 0.23988| 0.41304 _ 0.83116
CHAL-Br 0.042652 | 0.057801  0.10964  0.26302
CHAL-NO, 0.0011967| 0.0019054 0.0038019 0.008317
Chi- CHAL-CH, | 0.72345 | 1.08765| 144692  2.17034
Chs- CHAL-CI | 008654 | 0.12892] 0.17316 _ 0.25978
Chs- CHAL-NO, | 0.008734| 001432] _ 0.01756 _ 0.02875
Cl CHAL-CH, | 0.097216| 0.15584]  0.1945§ 029457
NO,- CHAL-CH, | 0.006723 | 0.01145| 0.014678  0.02234

Table -6: Activation parameters: (YousifAlgamal etal. [27])
[CHAL] = 2.0 x 10 moldm®; [Cr(VI)] = 4.0 x10 *mol dn?® [OxH;] = 4.0 x 10°mol dn? ; | = 0.2 mol dn ; Temp : 308 K ; Solvent : HOAc

(50% v/v)
10%k, AH? -AS AGH
Substrate | T | kimol | Jdeg -1 molt | kj mol™
CHAL 0.0824! 46.2% 165.2! 50.7i
CHs- CHAL | 0.12340 44.08 160.50 49.39
Cl- CHAL 0.05658 47.08 164.66 50.67
Br- CHAL 0.04658 44.66 158.70 48.84
NO,-CHAL | 0.000218 52.29 180.91 55.67
CHAL-CH; | 0.53951 43.98 179.33 55.19
CHAL-CI 0.1202: 40.6¢ 166.2( 51.1¢
CHAL-Br 0.042651 43.98 172.52 53.09
CHAL-NO, | 0.001197 46.72 167.94 51.68
50
[Cr(VI] =4x10™ M ; [CHAL] = 2x10 * M[OXH,]= 2x10° M
52 [Cr(vI)] =4x10 M ; [CHAL] = 2610°> M{OxH,] = 2x1073 ; 48 . 3 _ 2
I =0.2 moldm ~ ; Solvent :HOAc (50% v/v)

1=0.2mol dm'3 ; Solvent :HOAc (50% viv)

36 :\.\ O-H

,>
o
2+log k, (313 K,318 K323 K)

24 A
0.00310 000315 0.00320 0.00325 34 36 38 40
1T K 2 +log k , (308 K)
Fig.4: Arrheniuslot Fig.5: Exnerplot of 2 +log k (313 K,318 K,323 K) vs 2+ log (308 K)

Based on the kineticsresults obtained from ouriptes/work [27]. A suitable mechanism were proposexkin.
CONCLUSION
The rate of cooxidation of substituted chalcones @xalic acid by chromic acid in aqueous acetid awedium is

the fractional order with respect to [substitutd@icones], the first order with respect to [Cr (\jd a fractional
order with respect to [oxalic acid], under the expental conditions and the chalcones is oxidizeienzaldehyde

116



Yousif Algamal et al J. Chem. Pharm. Res,, 2016, 8(5):110-118

and phenyl acetaldehyde. The addition dekhances the rate of the reaction, indicating that protonated
chalcones was more reactive in this oxidation feaciThe effect of the substituents on the reactaaa shown that
the electron-releasing and electron-withdrawingugsin the benzaldehyde moiety and in acetophenoietyn
enhancement of the rate and the retardation ofrdbe of cooxidation respectively. The formation abfarged
intermediate compound is supported by the high thegaalues of entropy of activation and a mostbaitae
mechanism has been proposed for cooxidation otohak and oxalic acid by chromic acid [27].
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