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OXIDATION OF BENZENESULPHONIC ACID DERIVATIVES WITH CERIUM (XV)
IN PERCHLORIC AGIO SOLUTION

Tha affaet of several rwagents on the oxidation rate of o-
- and p -toluenesulphfohic acids and p~toiuenesuiphignamici® was as-
certained by potentiometric determination of cerium lona concen-
tration. It was ahown that the transfer of the first electron is
the step Halting the rate of these procease» in the reaction
mixtures where perchloric ecld concentrations ora of the order
of 1«4 molo/1. while in tha case of concentrations of 8-10 mo-
le/1 the decisive step is the transfer of the Ffifth electron.
In addition to this« benzoic acid w»s isolated and identified as
one of the intermediate products arising during oxidation of the
compounds under study.

Introduction

It appear* from the literature data concerning the reactions
of bertzenesulphonlc acid and its derivatives with various oxi-
dizers that 1in moat cases the end-produpts are carbon dioxide,
water, and sulphuric acid, with different mechanisms being invol-
ved. A number of Intermediate products have been found to fcrra sn
the process of electrochemical oxidation of banzenesulphonic acid
[i], including qulnone, fumaric acid, end pyrocatechic ecld. The
end-products of o-toluene sulfonic acid oxidation carried out un-
der the same conditions [2] are ltaconic and mo3aconio acids. In
the oxidation of sulfonic acids with ozone [3], the limiting step
la the formation of ozonidea, which then break down giving carbon
dioxide, sulphuric acid, and water, while in the reaction with
permanganate [4] It is the cleavage of the substituents, the end-
-products here being carboxyl acids. Some reactions, e.g. those
of photclytlc oxidation [5,6], are free-radical processes.

When cerium (IV) is used to oxidize o- and p-toluenasulpho-
ftlc acids and p-toluenesulphonamids, one could expect - by
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analogy with tha wallknown reactions with xylenes [7} - oxi-
dation of tha aathyl group in tha Ffirst stage of tha reac-
tion.

experimental

Measurewent procedure and reagents

The stolchiometry and tha rate of oxidation "of benzene-
aulponlc and o- and p-tolueneeulphonlc aclda and p-tolueneeulpho-
naaida with carium (IV) ware 1investigated at 50°C. Oxidizer con-
centration in tha reacting alxture at a given moment was esta-
blished by potentioaetrlc determination of unreacted cerium
(IV) using sodium oxalete in samples taken from the mixture at
predetermined intervals.

Cerium perchlorate solution, concentration ca« 1 mole/1, in
4_4 aole/1 perchloric acid wae obtained according to Smith
and Getz [8]- 0.1 aole/1 aolutions of benzenseulphonlc and
o- and p-tolueneeulphonlc acids and 0.02 aole/1 p-toluenesulpho-
namide In 4 aole/1 perchloric acid wera prepared froa weighed
portiona of these compounds, which had Ffirst been dried to solid
aass and the conforaity of their aeltlng points hed been checked.
The molarity of tha acid aolutions was checked alkacymetrilcally.
Spectra of the post-rsactlon mixtures were aada in tha 200-500
na range uaing a Carl Zftiss Oena SPECORO UV VIS  spectrophoto-
meter.

Results of aeasureaente and discussion

Measureeents permitting determination of the oxidation etoi-
chiometry of the compounds under study were carried out at 50°C.
The samples oxidized conteined 0.5 mmole each of the aclda or
aalde in 10 aole/1 aolutlon oi perchloric acid using 100-fold ex-
cess of ths oxidizer. The total volume of the eolution was 0.1 1.

Froa the experiments performed it was found that under tha
conditions eaployed benzenesulphonlc acid practically does not



cxidi*«, while compléte oxidation of 1 iwnoXe of thés other com~
pound« require« the use of 32 mmola of cerium perchlorlde. The

end-products of oxidstlon are carbon dioxide formic acid, sulp-
huric acid, and - iIn the case of amide - ammonium ion.
The presence of these compounds w,. detected in the post-

-reactlort mixtures. It should be pointed out that neither for-
mic acid nor ammonium ion are oxidized by cerium (XV) under the
conditions and during the conduct of the present measurements
[9-11). Consequently, the oxidation reactions of o- and p-
~tolus»ns sulfonic acid» end p-toluane sulfonamide can be presen-
ted in the for* of the following apostionss

CH3C6h4SC3H * 32C®U & 15H2C-5C0., + 2HCOOH & 00*” * 34H* ¢ 32Ce3*

o- and p-

CH3C6H4S02NM2 + 32Co4* & XOHgO «
= 5C0Z ¢ 2HCOCH & SO™~ & 33H* ¢ 32Ce3* 4 NH*

The rate of o- and p-toluenesuXphonlc acida and p-toXuene-
sulphonamida oxidation tab investigated at different starting
concentrations of the reactants in & 2 noXe/X perchloric acid so-
lution. It was found that in the caea of o- and p-toXuensauX-
ponlc acids (Figs. la and b), a two-foXd Increase of thair con-
centration in the reaction mixture gives rise to an almost two-
-fold increase of the reaction rate, while increased cerium (1V)
concentration accelerates the process to a far smaXler extant,
which might indicate that a firat order reaction 1is invoXved re-
Xalive to the reducers and » fractional order reaction relative
to the oxidizer. In the Cuse of p-toXueneaulphonamidft oxidation
(Fig, Ic) we are dealing with first-order reactions relative to
both reactants.

It was found, moreover, that the oxidation rate decreases 1in
tha foXXowing ordert p-toXuenesuXphonlc acid o-toXuenesuXphonic
acid p-toluenesuXphonas»lde. From the resuXts obtained and from
t'tF spectra of the samples of the reaction mixtures taken at
different times (where onXy a lowering of the absorbance bands
characteristic of the starting reducers was observed, which
corresponds to the stoichiomstry of the process), we can say
that the rate Xlwiting stap for HCIO4 concentration in the



Fig. 1. The effect of reactant concentration on the rate of cerium (XV) reduction byt a) p~
-tolueneeulphonic acid, b) o-toluenasuiphonic acid, c¢) p-tolueneaulphonamide in reaction
aixturea

Ce(lV) - 5 x 102 mole/1l; Op-ta acid - Qo-ts acid- Oamide- 0.55.x 10“3 aole/1

Ce(1V) - 5 x 10 2 aole/1; #p-te acid m* o-ta acid eeamide» 1.1 x 10~5 aole/1

Ce(XV) - 10 x 10 mole/1 j Tp-ta acid »To-ts acid amide - 1-1 x 10”3mole/I
in 2 mole/1 HCION medium, temp.323 K
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reaction mixtura aqual to 2 mole/l, i» the procesa of flret
electron transfer. Following that the reaction ratea ««era mea-
sured for various concentrations of perchloric acid. The resulta
ere lieted in Fig. 2 from which it follows that as the concentra-
tion of perchloric acid in the reaction mixture Increases, the
oxidizer consumption in the initial stage of the reaction mar -
kedly rises, which might iIndicate considerable acceleration of
the rate of one of the reaction stages, with the rates of the
other stages remaining unchanged. Such measurements were con-
ducted In 2 and 6 mole/1 perchloric acid, and the reeults ob-
tained are presented in Fig. 3.

As can seen, iIn the 2 mole/1 HCK>4 solution the reduction ti-
mes of the successive oxidizer portions are approximately the
same, while in the 6 mole/1 solution there is = distinct increa-

se in the reaction time of the fifth cerium (1V) portion,
which seems to Indicate that more stable intermediate products
erlae in four-electron transformations. In view of the above,

spectral analysis was made in the 200-500 nm range of samples
taken from the reaction mixtures with molar reducer-oxidlzsr ra-
tio of 1 i 4 containing different amounts of perchloric acid.
Ths only sffect observed for HCIO™ concentrations of 2 wole/1
was a lowering of the absorbance bands characteristic of the
starting compounds which was proportional to the amount of the
reduced cerium (1V). Although some new bands did make a minimal
eppearance at the 250 n» wavelength, their height did not change
during the course of the reaction (Fig. 4).

In the 6 mole/1 HC1Q,, solution the entire cerium (IV)uad 1in
the reaction became reduced practically all at once. This time
the spectra for the postreaction mixtures no longer exhibited the
absorbance bands charactaristlc of the starting reducers with new
bands appearing which were minimally present in the 3pectrs for
samples containing 2 mole/1 perchloric acid. Figure 5 depicts the
dependence of absorbance band heights characteristic of the
Intermediate compounds arising in four-electron transformations

on the concentration of HCIOA.

As can bs seen, in the case of O- and p-toluenesulphonio
acids these compounds give the highest yields when HCIO™ con-
centration is ca. 8 mole/l, and in the case of amide - when

HClo”™ concentration is ca. 10 mole/1.
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Ftg. 3. Reduction titaes of succesiva cerium (1V) portions

added to tha investigated reducers

in quantities corresponding to one-electron transformationst a) p-ts acid, b) o-ta acid,

Cc) »raide

HCI0, -0 2 «oie/1l, * -4 «jole/l
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Fig. 4. Absorption spectra of the eeaples taken fro« the reaction «fixtures efter different«
tiaee of the reaction running. Molar ratio of reagente ie 1 *4 in the eedlua of HCION of

2 aole/1 concentration, wz - spectre of the initial reduction egente. a) p-te acid, b) o-ta
add, c) aside



Fig. 5. Dependence of the absorbance bands heights for intemediate compounds appear in four
- electron reactions on the HCIO™ concentration a) p-ts acid, bl o-ta acid, c¢) aside
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Thu«, the dependence presented in Fig«. 4 and 5 support the
conclusion that at ««all perchloric acid contents ths stag« of
firat electron transfer is ths rate limiting «tap in the reac-
tlon under study. At HC104 contsnts of 8-10 mole/l1l, on the other
hand, the decisive step is that of fifth-electron transfer. Ano-
ther piece of «vldenc« confirming the idea that tha reaction me-
chanism changea aa the acidity increaaee may be the fact that at
amall HC104 content the number of free aulfate lone gradually in-
Creasea aa the reaction proceeds, while at higher HC104 con-
tents no such ions were detsctsd in tha 1*1-1 t4 post-rea-
ction mlxturea.

In order to invsstlgate the mechanlems Involved in the reac-
tions under considsration, spectral analyses were carried out
of the post reaction mlxturea with different oxldizer-reducer mo-
lar ratios In 8 and 10 mole/1 HC104 respectively. The spsctra
are presented in Fig. 6.

The spectra of Fig.6 confirm the fact that at molar reactant
ratio of 1 i 4 the absorbance bands characteristic of the star-
ting compounds disappear completely end new ones appear whoae
abaorptlon maxima are identical to thoes for compounds contelning
eldehyde group. What is noteworthy here 1st the nonproportional
increase of the aldehyde band heights (molar reactant ratios
5 *2 and 1 s 4), which saems to indicate that the rates of
alcohol formation and its oxidation +to aldehyde are comparable.
In the case of p-toluenesulphonlc acid, aa the molar ratio of
cerium (IV) increases thsse bands gradually dieappear and new
ones become visible, whose absorption maxima are shifted towards
shorter wavelengths. The new maxima are characteristic of com-
pounds containing carboxyl group in tha molecule. ldentical chan-
ges are observed in the spsctra for samples taken after dif-
ferent reaction times from the reaction mixture with stoichio-
metric reactant compoaltion (Fig. 7a).

On the other hand, no benzaldehyde wae detected in the mix-
ture with molar p-toluenesulphonlc acid - cerium (1V) ratio of
1 14. In the poat-reaction mlxturea with molar reactant ratloa
of 1 t4 to 1 t8, on tha other hand, benzoic acid did crystal-
lize after a longer period of time and in the elr (it waa isola-
ted and identified).

It was found, moreover, that there were no free aulfate Ilona
in the post-reaction mixture with molar reactant ratio of 1 t4
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a) b) ©)

Fig. 7. Absorption spectra of the saaples taken fro» reaction Mixtures after different tlaes
of the reaction running. The stoichiometric composition of the reagents in Mixtures, a) p-te
acid, b) o-ta acid, HCIO - 8 «ole/l, c) aaide, HCIO - 10 Mole/1
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immediately after the reaction, buc they did appear in a quantity
equivalent to the content of p-toluenesulphonic acid after ben-
zoic acid had crystallized. It must thue be aeaumed that In the
reaction of p-tolueneeulphonlc acid with cerium (1V) detachment
of the sulphonic group occur« during the oxidation of the aldehy-
de group to the carboxyl group.

The courae of thia reaction in 8 mole/l1 HC104 medium may be
depicted ae follow»}

ch3 ch2oh CHO COOH
0 ?fiE- O 0 :
SOjH SOjH SOjH
¢ S02” 26 C®4* .
4 »lowly™ reaction product«

In the ca«« of o-toluenesulphonlc acid no sulphate ions were
detected when Its molar ratio to cerium (IV) was equal to 1 sA,
nor was crystallization of benzoic acid obeerved in samples with
increasing oxidizer concentration (the oxidizer content is hare
auch smaller that in the reaction described above, as can be seen
from Fig. 6b). It followa from this as wall as from the spectra
of Fig. 6b that In thia case the rate of aldehyde group oxidation
to carboxyl group with simultaneoue detachment of the sulphonic
9roup 1is sasller than the rate of the forming benzoic acid oxi-
dation. It aeems. thst considering the rates of the stage« dia-
cussed above in the reaction of p-toluenesulphonamlde with cerium
(IV) We are dealing with an Intermediate process. In tha four-
-electron transformation there arlsses an aldehyde with sulphona-
eid« group (no SO or NH* 1ions were detected in the po«t-
-reaction medium). On the other hand, comparing the spectra of
pigs. 6 and 7, tha quantity of the benzoic acid that forms ie
«mailer than in the ca«« of p-toluenasulphonic acid and larger
then in the oxidation of o-toluenesulphonlc acid. It thus ap-
P««r« that oxidation of th« aldehyde group with simultaneous de-
techmsnt of the aulphonic or «ulphonamlde group ocCcur« moat
®a»iiy jh p-tolu«n«8ulphonic acid end least r«adily 1in o-to-

sueneaulphonlc acid.
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UTLENIANIE POCHODN/CH KWASU BENZENOSULFONQWEGO CEREM (1V)
W ROZTWORZE KWASU NADCHLOROWEGO

Okreslono wptyw poszczegélnych reagentéw na szybkos¢ utlenia-
nia kwaséw o- i prtolbenosulfonowego oraz p-toluenosulfonamldu
droge potencjcuetrycznego oznaczania stezenia jonow cerowych w
w probkach mieszanin reagujgcych za pomoc* roztworéw szczawianu
sodowego. Wykazano, ¢a proces przekazania pierwszego elektronu
jest etapeu ograniczajacym szybkos¢ tych reakcji w mieszaninach
reagujacych o stezeniach kwasu nadchlorowego 1-4 «ol/l, natomiast



przy stezeniach 6-10 «ol/i decydujace znaczenie ma otep .przekaza-
nia pietego elektronu,Wydzlalono 1 zidentyfikowano jocian z pro-
duktow posrednich powatajecych w reakcji utleniania ~ kwt*3 ben-

Zoesowy .

J&kchmhjikh IlrHaciaK, ItetpacaaBa Jleica

OKHGIISI"E nPOHIBOHHUX B£H30CyJIbi0iCiCJIOTb[ HEPHEM (1V)
B PACTBOPE /JIOPHO/1 KHMOTLI

OapajtazaHO bjkahi« otj(ejibHux peoraRToa aa cicopoc?i>  ox*e-
mona* o- a a-Tozyjioeyjiw&oKaeJiOTK a tanza n-TOJty«00y«*J)aiia*a ny-
Taa aoraKtaoueTpa”acKoro onpagaasHax Komtempaisuna jJiohob uepaii
b npoOaz pearnpy»”"*x oMace» o0 aoMo”bn paaTBopos o*ca«ara saTpza.
floKasaHo, mro b oC.naaTH kohuohtpanna JiopHoii khojotoi 1-4 uua/Jt
pemaionjee BJi.itfke Ha cKopocTk nponeeca HMeet cra”K« nepaHooa nepsoro
"»aeKTpoHa. B oC”actH KOHneHrpaimii 8-10 ngji/ji - cla@w.*! nepenoca na-
Toro 3™eKTpona. BhweJiPH h oto/kcctboh ojihh m npoMe”yrowt;x npoay-

ktob peaxqnH - 5eH3ottHaa KHCJOTa.



