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The examination of the polarographic behaviour of citraconic and mesaconic
acid dibromides have shown that the pH value of the solution has a great influence
on the number of waves, their heights and values of the half-wave potential. By
the reduction of citraconic acid dibromide three waves are produced. The first wave
corresponds to the reduction of citraconic acid dibromide to citrocanic acid (at
pH 3.4) and to mesaconic acid (at pH 6.1). The third wave results from the re-
duction of the corresponding unsaturated acid to methylsuccinic acid. The second
wave results perhaps from the reduction of a product obtained during the hydro-
lysis of citraconic acid dibromide. By the reduction of mesaconic acid dibromide
two waves appear, the more positive one results from the reduction of mesaconic
acid dibromide to mesaconic acid and the more negative one corresponds to the
reduction of mesaconic acid to methylsuccinic acid.

The aim of this study was to examine the polarographic behaviour of the bro-
mination products of citraconic and mesaconic acids. The trans-addition of bromine
to the double bond takes place, according to the lliteraturel—4, by the action of
bromine on citraconic and mesaconic acids. In the first case citraconic acid di-
bromide (DL-threo-«,8-dibromomethylsuccinic acid) is produced:
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and in the second case mesaconic acid dibromide (DL-erythro-u,B-dibromo-
methylsuccinic acid) is obtained:
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While the polarographic behaviour of meso or racemic 2,3-dibromosuccinic acids,
which are prepared by the action of bromine on maleic and fumaric acids, has
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been reported in literature®$, there exists no information about citraconic and
mesaconic acid dibromides.

EXPERIMENTAL

The citraconic and mesaconic acid dibromides were prepared according to the procedures
of Vaughan and Milton®. The purity of the products was chacked by recording IR spectra.

The polarographic curves were recorded on a polarograph Radiometer Polariter PO4.
Capillary characteristics were determined in distilled water at a potential of 0V (with respect
to the saturated calomel electrode) and with a height of mercury column of 35 cm. Mercury drop
time was 4.0 s, while the rate of flow was 2.29 mg s-1. The oxygen was being removed from the
investigated solution by bubbling purified nitrogen for 8 to 10 min. An inert atmosphere above
the solutions during the measurments was maintained by flushing with nitrogen. All the measure-
ments were done at 25 + 0.5°.

Phosphate buffers of the desired pH-values were obtained by neutralization of phosphoric
acid of a corresponding concentration by means of concentrated solution of potassium hydroxides.
For maximum suppression freshly prepared 1% gelatine solution was used. Its concentration
in the investigated solution was 0.005%.

RESULTS
a. Citraconic acid dibromide

Citraconic acid dibromide gives in 0.1 mol dm-2 phosphate buffer in the
presence of 1 mol dm—3 KCl in the pH-range from 4 to 7, three waves (Fig. 1),
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Fig. 1. Polarographic waves of mesaconic acid dibromide
(2 mmol.dm-3) in phosphate buffer (0.1 moldm-2 HsPO4 +
KOH, 1 moldm-3KCl) at different pH values

whose heights and values of half-wave potentials change by altering the acidity
of the solution. The heights of the first and the third waves reduce with the in-
crease ot pH and the height ot the second wave increases. The total height ot the
tirst and the second waves is constant. The half-wave potentials of the first and
the third waves changes considerably between pH 3.4 and 6.95 (for the first wave
from —0.07V to —0.30 V, and for the third from —1.08 V to 1.31 V). The half-
-wave potential of the second wave is constant in the mentioned range of pH

values (—0.52'V)
The first wave resulrs from the two-electron, irre versible (¢ = 0.36 at pH

4.07) reduction of citraconic acid dibromide. The values of half-wave potentials,
especially at lower pH, are near to the values of the half-wave potential of anodic
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dissolution of mercury in the presence of chloride ions and the wave is not often
propetly developed. The better formed waves can be obtained in 1 mol dm-3
phosphate buffer, in which case the presence of KCl is unnecessary.

The second wave at pH of solution under 4.0 does not appear at all, if the
recording is made immediately after the preparation of the solution. After 24
hours of standing of the solution, the height of the first wave decreases and the
second increases. This shows that at higher pH-values, especially after standing,
the hydrolysis of citraconic acid dibromide takes place. This phenomenon has
been noticed by Kingsbury?” who has found the values of hydrolysis constant in
strong basic medium being of the order of magnitude of 10-4. Among the products
of hydrolysis he discovered as the major products cis and trans forms of bro-
momethacrylic acid, 2.3-hydroxy-2-methylsuccinic acid, 2-hydroxy-2-methyl-3-
-bromosuccinic acid, 3-oxybutane acid and acetone. Therefore the second wave
is produced by the reduction of the product obtained by hydrolysis of citraconic
acid dibromide.

The identity of the third wave is shown by comparing the wave of citra-
conic acid dibromide with the wave of citraconic acid (Fig .2, curve 3), or mes-
aconic acid (Fig. 2, curve 2).
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Fig. 2. Polarographic waves of 2 mmol mesaconic acid dibromide
(1), in the presence of 2 mmol dm~8 mesaconic acid (2)and in the
presence of 2 mmoldm-? citraconic acid (3) in 0,1 mol dm-3
phosphate buffer, 1 mol dm-3 KCI, pH 6.2 and 3.1

The mentioned examinations were performed in phosphate buffer at pH
3.4 and 6.1. It can be observed from the curves 1 and 2 that the wave at pH 6.1
is scarcely visible. This is in accordance with the polarographic behaviour of me-
saconic acid at this pH-value and we can assert that the third wave is a result of
a reduction of mesaconic acid. In the solutions of pH 3.4, the half-wave poten-
tials of the third waves from curves 1 (citraconic acid dibromide alone) and 2
(citraconic acid dibromide and citraconic acid) are very close —1.08 Vand —1.10 V.
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So it was concluded that by the reduction of citraconic acid dibromide, citraconic
acid has been produced. This conclusion, however, does not exclude the possi-
bility of formation of some mesaconic acid at this pH which might be similar to
the phenomenon that Rosenthal and Elving® discovered with racemic dibromo-
succinic acid. These conclusions give the answer to the question which are the
products of the reduction of citraconic acid dibromide on the dropping mercury
electrode.

With regard to the polarographic determination of citraconic acid dibromide
it is preferable to use the first wave, which is the more characteristic one. Besgides,
it is better to perform the recording in the presence ot 1 mol dm—3 phosphate
buffer, and at is the best at pH about 2, where the height or the wave slightly

changes by changing pH.
b. Mesaconic acid dibromide

Mesaconic acid dibromide gives in 1.0 mol dm—3 phosphate buffer in the
presence ot 1 mol dm—3 KCl at lower pH, two well-defined polarographic waves.

Th:= height of the first wave, the more positive one, is almost unchangeable by
pH 5.32. Above this value appears a hardly visible doubling o! the wave.
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Fig. 3. Polarographic waves of citraconic acid dibromide (2 mmoldm-3) in phosphate
buffer (0.1 mol dm-3 HePO4 + KOH, 1 moldm-23 KCI) at different pH values

The height ot the second wave is constant by pH 4. Above this pH value,
the wave height begins to decrease, and at pH 6.97 the wave completely disappesrs
The half-wave potentials are shifted to the more negative values with the decrease
ot the solution acidity. By changing pH trom 2.0 to 6.20 the half-wave potential
ot the more positive wave changes from —0.04 V to —0.43 V, and of the more
negative one from —0.92V to 1.35V.

The first wave results from the two-electron, irreversible (« = 0.21 at pH
3.67) reduction of mesaconic acid dibromide and is controlled by the diffusion
current. The values of half-wave potentials, especially at lower pH, are close to
the values or the half-wave potential ot anodic dissolution ot mecrury, in the pres-
ence of chloride ions and both waves are joined, as with citraconic acid dibro-
mide. The better developed waves can be obtained in 1 mol dm—3 phosphate
buffer, because in this case the presence of potas<ium chloride is unnecessary.

With regards to the second wave, the values of the half-wave poteatials
of this wave and the height at different pH-values are close to thevalues of mes-
aconic acid, obtained in the same conditionis With the intention to find out whether
mesaconic of citraconic acids are formed by the reduction of mesaconic acid di-
bromide, we added mesaconic acid (Fig. 4, curves 2) and citraconic acid (Fig.
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4, curves 3) to the solutions of mesaconic acid dibromide (Fig. 4, curves 1) ‘n
phosphate buffer at pH 3.1 and 6.2. At pH 3.1 the half-wave potentials of the
second waves from the curves 1 (mesaconic acid dibromide alone) and 2 (mesa-
conic acid dibromide and mesaconic acid) are almost the same (—1.03 V and —1.04

V) so we have concluded that the second wave is a result of the reduction of mes-

Fig. 4. Polarographic waves of 2 mmol dm-3 citraconic acid dibromide (1), in the presence
of 2 mmol dm-3 mesaconic acid (2) and in the presence of 2 mmol dm-3 citraconic acid
(3) in 0.1 mol dm-3 phosphate buffer, 1 moldm-3 KCl, pH 3.4 and 6.1

aconic acid. At pH 6.2 the second wave is hardly visible on the curves 1 and 2,
that is in accordance with polarographic behaviour of mesaconic acid at this pH
value®. We have therefore concluded that in this case too occurs the reduction
of mesaconic acid. Thzse conclusions give the answer to the question which are
the reduction products of mesaconic acid dibromide, as in the case of citraconic
acid dibromide.

The schemes of the electrode processes of reduction of citraconic and mes-
aconic acid dibromides can be expressed by the following equations:

HOOC — CHBr— CBr — COOH  +2¢ ‘
r l’ H_+ HOOC — CH = C — COOH + 2Br-

C |
Ha CHs

mesa- or citradibromosuccinic acids mesaconic or citraconic acids

HOOC— CH=C cooH _ 126 2H'  u450c — CHy — CH —COOH
| |
CHs CH,3
methylsuccinic acid

With regard to the polarographic determination of mesaconic acid dibromide

it is better to use the first wave which is a more characteristic one. The recording
should be performed in the presence of 1 mol dm-3 phosphate buffer at pH about 2.
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M3BOX

ITOJIAPOTPAPCKO IIOHAIIALE IIUTPA ¥ ME3AIIMEPOM RUWINBAPHHUX
KHCEJIMHA ¥ ®OCPATHOM IIYPEPY

HIIMHKA CITHPEBCKA
Xeumucku paxysiiedss na yrusspsuisieioiss ,,Kupus u Meiiodus’’, Cxoiije
4
BIIAIMMHP J. PEKAJIMB
Texnosouxo-medsiarypuixu gaxysiiens Ynusepsusiedia y Beozpady

HcmaruBama nonaporpadbckor nmomamama IETpa- B MesagubpombhmymGapme Kncenmme
NOKa3yjy Aa Ha Gpoj Tanaca, BHXOBY BACHHY H BPCQHOCT IIOJIYT@JIACHOT NOTCHIHjajIa MMA SHA-
gajan yrangj pH-BpemHocT pactBopa. Ilpm peayxmujn uuTpagaGpomhnnuGapee KucesmHe jaB-
Jbajy ce TpH Tanaca. IIpBu Tanac oaroeapa peaykumju umTpamEbpomhmimbapEe KHucemmHE X0
nurpakoHcke (mpn pH 3,4) r mesakoncke xacenmune (mpma pH 6,1). Tpehu Tanac ce jaBiba ycien
penyxumje oproBapajyhe Hesacuheme kucesmue no mermn hmmGapHe kmcermme. JIpyrm Tamac
BEPOBAaTHO HACT2j¢ PEAYKIMjOM IPOH3BOAA AOGHBECHOT XHIPOJHM30M LHTPAIAGPO!
kucermue. Pegyxamjom mesamubGpombkimmbGapHe KHCENHRE jaBJbAjy Ce IBa Tajlaca, NO3UTHBHH]R
KOjH HACTaj¢ PeAyKImMjoM MezamubpomhrnEGapae KACEIHHE JO ME3AKOHCKC M HCTSTHBHH)H KOJH
HOTHYC Off PEAYKIMjC ME3aKOHCKEe A0 MeT hmymbGapHe KHceaHHE.

(TMpummeno 10. centemGpa 1984)

REFERENCES

b

. R. Fittig, P. Krusemark, Ann. Chem. 208, 1 (1880)

. W. R. Vaughan, K. M. Milton, J. Am. Chem. Soc. 78, 5497 (1951)

. R. Fittig, Ber. 26, 40 (1893)

. E. Hadjoudis, E. Kariv, G. M. J. Schmidt, J. Chem. Soc. Perkin II 1056 (1972)
. J. Rosenthal, P. J. Elving, J. Am. Chem. Soc. 73, 1880 (1951)

. P. J. Elving, J. Rosenthal, A. J. Martin, Ibid. 77, 5218 (1955)

. C. A. Kingsbury, J. Org. Chem. 33, 3247 (1968)

I. Spirevska, V. J. Rekali€, Glasnik Hem. druStva Beograd, 49, 45 (1984).

N

[ JECIN- AT N



