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OXIDATION OF CINNAMALOEHYDE ANO CINNAMIC ACIO WITH CERIUM (IV) 
IN PERCHLORIC ACIO SOLUTION

The affect of various reagents on the rate of cerium (IV) re­
duction with cinnamaldshyde and cinnamic acid was studied by way 
of potentiometric determination or the unreacted oxidizer in 
eauoles of the reaction mixtures. It wes found that the stable 
intermediate product arising in the course of oxidation of the 
two compounds la benzoic aldehyde.

I

The literature data concerning the reaction of slnnamaldehyds 
and cinnamic acid with various oxidizers indicate that the me­
chanisms involved depend on the kind of oxidizer used. Cinnam­
aldehyde oxidized by selenium dioxide [l] yields hydroxyclnnamie 
acid as the end product. According to some authors [2] the rate 
of cinnamic acid oxidation by osmium tetraoxlde depends on the 
clevage of complex bonds, with enol being the end product. This 
acid has also been oxidized by potassium permanganate [3-5]. In 
a perchloric acid medium, the reaction rate is limited by tho 
process of hypomanganate ester oxidation to benzaldehyde and gly- 
oxallc acid. Mien the oxidation of cinnamaldehyde and cinnamic 
acid was effected by the use of cerium perchlorate, one should 
sxpect the first stags of the process to be an attack of the 
oxidizer on the double bond. Previous research has shown that 
oxidation of the aldehyde group to the carboxyl group is hard to 
carry out. In the process involving aromatic aldehydes, the rats 
of aldehyde group oxidation is comparable to the rate of aromatic 
ring clsvags.
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Experimental

Measurement procedure

The stolchlometry and rate of clnnamaldehyde and cinnamic a- 
cid oxidation by cerium perchlorate were determined at 60°C. 
Oxidizer concentration in the reaction mixture was established by 
potontiometric determination of unreacted cerium (IV) uelng so- 
dium oxalate, samples for theee determinations »»era taken at 
predetermined time intervals.

The absorbance of the post-reactlon mixtures with different 
oxidizer - reducer molar ratl08 was measured by means of a SPE- 
CQRO UV VIS (Carl Zeis* Oena) spectrophotometer at 200-350 nm, 
using 1 cm quartz cuvettes.

Reagenta and solutions

Cerium perchlorate 1.2 mole/1 in a 6 mole/1 solution of per­
chloric acid was prepared according to S m i t h  and G e t z  [s]. 
Its molarity was determined amperometrically ualng titrated so­
dium oxalate solution [7j.

Sodium oxalate - 0.05 mole/1 solution.
Perchloric acid - 9.8 mole/1 eolutlon.
Clnnamaldehyde - pi a .
Cinnamic acid - p. a.
Since neither compound dissolves well in water, separate sam­

ples were prepared for each kinetic meaeurement. Prior to the 
investigation, clnnamaldehyde had been distilled under reduced 
pressure, collecting the fraction of the appropriate boiling tem­
perature. Cinnamic acid was crystallized from hot water. The con­
centration of the solutions for spectrophotometric investigations 
was 0.001 mole/1.

Results nnd discussion

In order to determine the etolchiometry of the processes un­
der study, samples containing 0.5 mmole of the approrlate re-



Oxidation of cJnnamaldahyd© and clmi&nic acid. 39

ducing agents were oxidized In a 2 mols/1 perohloric a.cid so­
lution using 100 - fold molar excess of the oxidizer. It was 
found, that complete oxidation of 1 mole of both cinnamaldehyde 
and cinnamic acid requires ca. 36 mmole of cerium (IV). The post- 
reaction mixtures were found to contain carbon dioxide and for­
mic acid. However, the time required for complete oxidation of 
both component« to take place is very long end equals several do­
zen days. In such a case, the results obtained depend in large 
measure on the very slow process of cerium (IV) reduction by wa­
ter [8j as well as oxidation of formic acid by cerium (IV) a 
process that takee several months. It is, however difficult to 
establish the exact amount of formic acid that has become oxi­
dized to CO^ and by the same tokon, to write a general equation 
of the oxidation of cinnamaldehyde and cinnamic acid by cerium 
(IV).

The rate of the oxidation reaction was investigated at diffe­
rent initial concentrations of the reagents in a 2 mole/1 per­
chloric acid solution. The results obtained are presented in 
Fig. 1.

It can be seen in Fig. 1 that a two-rold increase of the ini­
tial concanrratlc-n of both redvjctors in the reacting mixture 
brings about a two-fold increese of the reaction rate, while a 
twofold increase of cerium (IV) concentration has practically no 
effect on the rate of oxidation of the compounds under inves­
tigation. This suggests that in the range of concentratisns stu­
died the processes involved are of the first order relative to 
the reducers and zero order relative to the oxidizer. The depen­
dences of Fig. 1 also show a marked lowering of the reaction 
rate if the reduced amounts of cerium (IV) corresponds to higher 
than ca. eight-electron transformations. This suggests that oxi­
dation of cinnamaldehyde and cinnamic acid with cerium (IV) 
involves sequential reactions of substantially different rates, 
a suggestion that is supported by measurements of the reduction 
times of successive cerium (IV) portions added to the reducers 
under study in amounts corresponding to one-electron transfor­
mations (Fig. 2).

A distinct lengthening of the reduction time occurs in both 
cases during the reduction of the ninth portion of the oxidizer, 
indicating the formation of stable intermediate products in
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Fig. 1. Effect of regent concontration on the rete of ćeriua (IV) reduction byt a) cinnaaalde* 
Hyde (e1) and b) clnnaalc acid (ac) in reaction aixture of coapoaltion

Ce^* - 5 * 10~2 mole/l; Oal » Oac » 5 • 10~4 »ole/l
Će4* - 5 * 10~2 nole/1; aal • oac « 7'5 • 10~4 «ola/l
Co*4 - 5 • 10”2 Kole/l ♦ al • +ac » 1 • 10* 3 aole/1
Ce*4 -10 • 10~2 m o le/l A a l  • Aac ■ 1* 10"3 aola/1

In a 2 mole/l HClO^ aedlua at 60°C
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Fig. 2. Reduction times of ths auccsssive portions of cerium (IV) added to compounds under 
study in amounts corresponding to ona-aleccron transformations, a) cinn.^maldehyda, b) cinnamic j
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eight-electron transformations. In view of this we measured the 
200-350 nm spectra of the post-reectlone mixtured with different 
oxidizer-reducer molar ratios (Fig. 3).

In the initial stage of cinnamaldehyde oxidation (Fig. 3o) 
thora is a slight decay of Ita characteristic absorbance spec­
tra which is proportional to the amount of reducad ceriua (IV). 
rhe lovering of the spectra Is not accompanied by a shift of 
their maxims towards shorter wavelenghts, which means that the 
intermediate product of cinnamaldehyde is not cinnamic acid. As 
the oxldzer-reducer solar ratio increases there begin to appear 
new bands characteristic of compounds containing aldehyde groups. 
For the molar ratio of 1 ; 8, well-developed absorbance bands 
characteristic of benzoic aldehyde appear. A similar situation 
vas observed in the coursa of cinnamic acid oxidation (Fig. 3b). 
A 9(rall moler excess of the oxidizer io accompenxed by gradual 
decay of the absorbance bands characteristic of e l m  ¡mic acid. 
A: the oxidlzer-reducer molar ratio increases, banda characte- 
riat c of benzoic aldehyde appear. It follows from Fig. 3b that 
the highest yield of its formation corri ponds to molar ratio of 
i s  8. For the s e M  of comparison, we >.teasur*d th* 2UO-350 nm 
cpactiusn for benzoic aldehyde whose concentration was equal to 
the initial concentration of cinnamic acid. The absorbanro bands 
obtained different from those for the post-reaction 1 s t cinna­
mic ecid-eerium (IV) mixture only slightly and only with respect 
to the height. This le probably due to partial oxidation of the 
forming aldehyde to acid, with the rates of benzoic acid forma­
tion and of its subsequent oxidation being comparable [9].

Considering the above, oxidation of cinnamaldehyde and cin­
namic acid with ceriua (IV) in a perchloric acid medium can be 
written as followss

CH-CHCHO 8C<j4*
fast

COOH
~26Ce
isl'ow end products (C02 and HCOOH )

CH-CHCOOH



A [nm] *[nm]
-I-----1 ■ I t I__I__I__I_I_I_1, I...

W  U2 ¿0 38 36 3L 32 30 
v • tO3 [cm*1]

50 Ut 46 U  42 40 38 36 34 32 30 28
v  10’ [cm*1}

Fig. 3. Absorption spectra for samples of poat-raaction mixtures of different oxidizer-re- 
ducer molar ratios, a) cinnoraaldebyde, b) cinnaelc acid, wz - initial 3psctra of reducerr
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COOH
r. 0  end product* (C02 and MCOOM)
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UTLENIANIE ALDEHYDU CYNAMONOWEGO I KWASU CYNAMONOWEGO CEREM (IV) 
W ROZTWORZE KWASU NADCHLOROWEGO

Określono wpływ poszczególnych reagentów na szybkość redukcji 
ceru (IV) przez aldehyd cynamonowy 1 kwas cynamonowy drogq poten­
cjometry cznego oznaczania nleprzereagowanego utleniacza w prób­
kach mieszanin reagujących. Wykazano, że trwałym produktem pośre­
dnim powstającym podczas utleniania obu związków jeet aldehyd 
benzoesowy.
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