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PROTONATION OF CITRACONIC AND MESACONIC ACID IN AQUEOUS
AND ETHANOLIC SOLUTIONS

Katica Jankovska¥*, Ilinka Spirevska and Lidija goptrajanova

Institute of Chemistry, Faculty of Sciences, The “Sv. Kiril & Metodij” University,
POB 162, 91001 Skopyje, Republic of Macedonia

The influence of the solvent on the protonation of citraconic and mesaconic acid in aqueous and ethanolic solu-
tions of H,SO,4 was investigated using spectrophotometric methods. The spectra were recorded, in the 190-300 nm re-
gion, from solutions with a constant concentration of the organic acid (1.0 - 10~ mol dm™ in the case of citraconic
and 2.4 - 10 mol dm™ for mesaconic acid) and increasing concentration of H,SO, (from 1.0 to 17.5 mol dm’3). It
was found that in the case of citraconic acid at H,SO, concentrations higher than 8 mol dm™ protonation and dehy-
dratation take place the latter leading to the formation of protonated citraconic anhydride. In the case of mesaconic
acid (the geometrical isomer of citraconic acid) only the protonation reaction takes place, most probably because of
the frans arrangement of the carboxyl groups in it. The solvent effect is considerable and in ethanolic solutions the
protonation reaction is both initiated and terminated at lower concentration of the proton donor (H,SOy,).
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INTRODUCTION

The acid-base equilibria established in sys-
tems containing citraconic and mesaconic acid
were studied in water [1, 2] and in organic solvents
[1] and the dissociation constants of the acids were
determined. Also studied was the behavior of citra-
conic and mesaconic acid in aqueous solutions of
sulfuric and perchloric acid [3-5] and it was found
that in media which are not extremely acidic these
acids act as bases which are being monoprotonated,
most probably at the carboxylic oxygen which has
a proton affinity higher (for 0.8-1.1 eV) than the
singly bonded oxygen [6]. The studies of highly
acid solutions (in oleum with varying SO; content)

[5] showed that in solutions of citraconic acid two
reactions (protonation and dehydratation of the pro-
tonated acid) are taking place whereas in mesa-
conic acid in addition to the above two, the trans-
cis isomerization occurs so that in oleum with an
SO; content up to 20 % in both systems only proto-
nated citraconic acid and its protonated anhydride
are present. In variance with the studies on the in-
fluence of the proton donor described above, the
effect of the solvent does not seem to have been
studied and this is why we decided to study the be-
haviour of citraconic and mesaconic acid in aque-
ous and ethanolic solutions of sulfuric acid.

EXPERIMENTAL

Series of solutions were prepared in which
the concentration of the proton acceptor

*Permanent address: TehnoloSko-metalurski fakultet, Univerzitet
“Sv. Kiril i Metodij”, Rudjer Boskovi} bb, 91000 Skopje, Republic of
Macedonia.

(1.0 - 10~ mol dm™ for citraconic acid and 2.4 - 10
* mol dm™ for mesaconic acid) was constant whereas
the concentration of H,SO, ranged from 1.0 to 17.5
mol dm™. Also prepared were corresponding series
of blank solutions (without the organic acids in
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them) containing sulfuric acid with concentrations
equal to those in the studied solutions.

The ultraviolet spectra were recorded (in the
190-300 nm region) on a Hewlett-Packard 8452 A
Diode Array Spectrophotometer. The measurements
were carried out at room temperature. The spectra of
the ethanolic solutions were recorded immediately
after the preparation of the solutions, whereas those
of the aqueous solutions were recorded 24 hours
after preparing the solutions (the protonated forms
of the studied acids are stable [5]).

Citraconic acid and mesaconic acid were pu-
rum products of Fluka recrystallized from a mix-
ture of ether and ligroin (citraconic acid) or water
(mesaconic acid). In the latter case the recrystalli-
zation was repeated several times. The anhydride
of citraconic acid (a product of Sigma) was of p.a.
purity. Sulfuric acid and ethanol were products of
Merck and Alkaloid (Skopje) with a p.a. quality.
The exact concentration of H,SO, was determined
by titration with a standard NaOH solution.

RESULTS AND DISCUSSION

The ultraviolet spectra of citraconic (1) and
mesaconic (2) acid in aqueous solutions of sulfuric
acid with varying concentrations (from 1.0 to 17.5
mol dm™) are shown in Fig. 1 and Fig. 2 respec-
tively. It is easily seen that these two geometrical
isomers behave differently under identical experi-
mental conditions. Thus, in the spectra of solutions
containing mesaconic acid (Fig. 1) only one ab-
sorption band is present which, on increasing
H,SO, concentration gradually shifts towards
longer wavelengths (from Am, = 223 nm t0 Ay =
243 nm), the change in its position being a result of
the protonation reaction which is taking place [3—
5]. On the other hand, in the spectra of citraconic
acid solutions (Fig. 2) at H,SO, concentrations of
9.0 moldm™ (the corresponding spectrum is
marked by an asterisk) another band appears indi-
cating that a second species absorbing in the 190-
300 nm region is being formed. Suspecting that this
second band may be due to the formation of the
protonated anhydride of citraconic acid, pure citra-
conic anhydride was dissolved in sulfuric acid solu-
tions with three different concentrations the spectra
of which are shown in Fig. 3. In each of these spec-
tra two bands are present, the first of which is at
around 226 nm and, clearly, results from a transi-
tion in the protonated citraconic acid. On the other
hand, the second of the absorption bands appears in
the region from Ay = 250 nm to Ay = 270 nm
depending on the sulfuric acid concentration. Amat
and co-workers [7] found a similar band in solu-
tions of maleic anhydride in 96 % H,SO, and inter-
preted it as due to presence of protonated maleic
anhydride. Accordingly, we attribute the band
found in our spectra in the 240-270 nm region (at
246 nm in the spectra of solutions containing citra-
conic acid) to a transition in protonated citraconic
anhydride. An additional support for such a conclu-

sion is provided by the 'H and °C NMR studies by
Amat and co-workers [8] on the thermal stability of
the protonated forms of citraconic acid. These authors,
namely, detected (at 313 K) in the systems studied
by them the existence of mixtures of protonated
citraconic acid and protonated citraconic
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Fig. 1. UV spectra of citraconic acid (1.0-10™* mol dm’3)
in sulfuric acid whit different cocentrations
(from 1.0 mol dm™ - curve 1, to 17.5 mol dm™ — curve 12)
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Fig. 2. UV spectra of mesaconic acid (2.4-10™* mol dm™)
in sulfuric acid whit different cocentrations
(from 1.0 mol dm™ - curve 1, to 17.5 mol dm™ — curve 14)
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Fig. 3. UV spectra of the anhydride of citraconic acid
in sulfuric acid (96 %)

anhydride, the ratio of the two species being depen-
dent on the sulfuric acid concentration. Taken all
together, we believe that our experiments show that
at H,SO, concentrations higher than 8 mol dm™
two reaction take place in citraconic acid solutions
— protonation of the acid and partial dehydratation
of the formed protonated acid.

The UV spectra of citraconic and mesaconic
acid in ethanolic solutions of H,SO, differ insig-
nificantly from those of the corresponding aqueous
solutions with respect to both the form and the po-
sition of the bands except that, because of the
lesser polarity of ethanol compared with water, a
hardly detectable hypsochromic shift of the bands is
present. The solvent effect is clearly visible in the
spectra of citraconic acid solutions (Fig. 4) at H,SO,
concentrations of 13 mol dm™ or higher (the inten-
sity ratio of the bands at 246 nm and 206 nm is
higher in ethanol than in water). In other words,
more of the protonated anhydride is formed in
ethanolic than in aqueous solutions. This result is
easily understood taking into account the fact that
ethanol is approximately 20 times weaker base than
water and, consequently, the solvated proton
C,HsOH," is a stronger acid than H;O" (in other
words, ethanol increases the acidity of the sulfuric
acid solutions). The decrease in the relative permit-
tivity of the ethanolic medium is an additional fac-
tor favoring the protonation reaction.

The solvent effect is even more evident from
the A = f[c(H,SOy] curves shown in Fig. 5 for each of
the studied acids. It is clear that under identical ex-
perimental conditions the protonation reaction in
ethanolic solutions is more complete, especially in
the case of mesaconic acid solutions. As seen, the
curve la in Fig. 5 is almost horizontal up to an
H,SO, concentration of =~ 12 mol dm™ which indi-
cates that the protonation of mesaconic acid begins

Tnac. xem. Texuon. Makeqonuja, 18, 1, 47-50 (1999)

at rather high sulfuric acid concentrations and is
not completed even when c¢(H,SO,4) = 16 mol dm™.

200 220 240 260 280
A/nm

Fig. 4. UV spectra of citraconic acid (1.0-10™* mol dm™)
in aqueous (curve 1) and ethanolic (curve 2) solution
of sulfuric acid (13.0 mol dm™)
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Fig. 5. a) The values of the absorbance of citraconic acid
(1.0 10~ mol dm’3) in aqueous (curve 1) and ethanolic
(curve 2) solution v.s. concentration of sulfuric acid.
b) The values of the absorbance of mesaconic acid
(2.4~1041 mol dm’3) in aqueous (curve 1) and ethanolic
(curve 2) solution v.s. concentration of sulfuric acid
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The titration curve for citraconic acid in etha-
nolic solutions of H,SO, (curve 2b in Fig. 5) differs
considerably from that obtained for the aqueous
sulfuric acid solutions (curve 1b). Up to sulfuric
acid concentrations of 13 mol dm™ it is almost ver-
tical indicating that in the ethanolic solutions the
protonation and dehydration reactions are consid-
erably more complete than in aqueous ones. At
c(H,SO,) > 13 mol dm™ the titration curve drops
steeply on increasing H,SO,4 concentrations as a
result of the decrease in intensity of the band due to
the presence of protonated anhydride.

The results of our studies show that in ethano-
lic solutions citraconic and mesaconic acid exist in
their protonated form (AH;") at lower concentra-
tions of H,SO, than in aqueous solutions (the pro-
tonation of mesaconic acid, however, is not com-
plete even at the highest sulfuric acid concentra-
tions). This finding is important for reactions tak-
ing place in acidic media in which these unsatu-
rated acids act as intermediaries as well as for es-
terification processes carried out in acidic media

[9].
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Pesume

IMPOTOHUPAILE HA INTPAKOHCKA U ME3AKOHCKA KNCEJIMHA
BO BOJHU 1 ETAHOJHA PACTBOPHA

Karuna Jankoscka', Mnunka Cnupescka u Jluauja Mlonrpajanosa

Hnctauiuyin 3a xemuja, [IM®, Ynusepsuitei ,,Ce. Kupua u Meitioouj*, i.¢hax.
162, 91001 Ckoiije, Peitybauxa Makeoonuja

KJIy‘lHl/l 360[)03]/12 HUTPAKOHCKA KMCEJINHA; ME3AaKOHCKA KUCEJINHA; IIPOTOHUPAHE; nexnnpaTaqua;

¥YB cnekTpockonuja

Hcnurano e BiIMjaHMETO Ha pacTBOPYBAadOT Bp3
MPOTOHMPAkE Ha IMTPAKOHCKA M ME3aKOHCKa KUCETMHA
BO BOJHM M €TAHOJHHU PacTBOPM Ha Cyl(ypHa KUCETMHA
CO MpUMeHa Ha CHeKTpPo(OTOMETPUCKHOT MeTon. bea
CHUMEHHU CIIEKTPUTE Ha CepHja OfI pacTBOPU BO KOU KOH-
LeHTpalyjaTa Ha opraHckaTa KuceiluHa Oellle KOHCTaHT-
Ha (3a nuTpaKkoHcKa Kucenuna 1,0 - 107 mol dm’3, a 3a Me-
3aKOHCKa KucenmHa 2,4 - 107 mol dm’3), JIOfIEKa KOHIIEH-
TpauujaTta Ha H,SO, Gemie pacTeuyka u ce BKeule of 1
10 17,5 mol dm™. Ox go6uennTe pe3yaraTu Gelle KOHCTa-
THpaAHO JieKa Ipu KoHueHTpauu Ha H,SO4 nmoronemu of 8
mol dm™ Kaj IuTpaKOHCKATa KHMCEIMHA OCBEH peakIjaTa

Ha MIPOTOHWpAE Ce OfIBUBA U peakiiujaTa Ha eXHApaTa-
yja, Tpyu mTo ce ¢opMHupa MPOTOHMpaH aHxuapHA. Kaj
TEOMETPUCKAOT W30MEp Ha IUTPAKOHCKATA KHCEINHA
(Me3akOHCKaTa KUCEIMHA) Ce OfiBUBA CaMO peakiyja Ha
IIPOTOHMpakE IITO HajBepOjaTHO ce JOJIKH Ha paHc-
pacnopefioT Ha KapOOKCHIIHUTE Tpynu BO Hea. VI3ydyBa-
BaTa Ha peaknyjaTa Ha NPOTOHUpAame BO BOJAHU U eTa-
HOJIHM PacTBOPHM Ha CylndypHa KHCEJIHMHa MOKaxkaa jieKa
BIIMjaHMETO Ha PAacTBOPYBAUOT € 3HaumTenHo. MiMeHo, BO
€TaHOJIHM PAcTBOPHM peaklyjaTa Ha MPOTOHHpame € IOo-
MOTIONHA, T.. 3aMOYHYBAa M 3aBpIIyBa INpPH IOHNUCKH
KOHIIEHTPAIU! Ha MPOTOH-TOHOPOT (H,SOy).
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