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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 lliterature1-4, by the action of

bromine on citraconic and mesaconic acids. In the first case citraconic acid di

bromide (DL-rAreo-a,[3-dibromomethylsuccinic acid) is produced:

С00Н С00Н

c-c

/ V-h
Br Br

and in the second case mesaconic acid dibromide (DL-eryr/zro-a,!S-dibromo-

methylsuccinic acid) is obtained:

С00Н Br

сн3<, /

c-c

Br С00Н

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 literature5-6, 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 Milton2. The purity of the products was checked by recording IR spectra.

The polarographic curves were recorded on a polarograph Radiometer Polariter P04.

Capillary characteristics were determined in distilled water at a potential of О V (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 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 hydroxide8.

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-3 phosphate buffer in the

presence of 1 mol dm-8 KC1 in the pH-range from 4 to 7, three waves (Fig. 1 ),

 

Fig. 1. Polarographic waves of mesaconic acid dibromide

(2mmol.dm~3) in phosphate buffer (0.1 mol dm-8 HsP04 +

КОН, 1 mol dm-3 KC1) 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 ol the second wave increases The total height of the

first 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 -0.07 V 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 results from the two-electron, irre versible (a = 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

properly developed. The better formed waves can be obtained in 1 mol dm-8

phosphate buffer, in which case the presence of KC1 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 Kingsbury7 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-

momerhacrylic 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).

 

i I

0,0 V 0,0 V

Fig. 2. Polarographic waves of 2 mmol mesaconic 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-8

phosphate buffer, 1 moldm-3KCl, 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 V and — 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 Elving5 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. Besides,

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 oi 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 KC1 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 o1 the wave.

 

0.0 V

Fig. 3. Polarographic waves of citraconic acid dibromide (2 mmol dm-") in phosphate

buffer (0.1 moldm-3H3P04 + КОН, 1 moldm"* KC1) 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 disappears

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 —0.92 V to 1.35 V.

The first wave results from the two-electron, irreversible (a = 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 oi the half-wave potential ot anodic dissolution ot mecrury, in the pres

ence of chloride ions and both waves are joined, as with citraconic ac;d d;bro-

mide. The better developed waves can be obtained in 1 mol dm-3 phosphate

buffer, because in this case the presence of potassium chloride is unnecessary.

With regards to the second wave, the values of the half-wave potentials

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) Jn

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 ac;d 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 ofmes-

 

0,0 V 0.0 V

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 O.lmoldm"3 phosphate buffer, lmoldm-3KCl, pH 3.4 and 6.1

aconic acid. At pH 6.2 rhe second wave is hardly visible on the curves 1 and 2,

that is in accordance with polarographic behaviour of mesaconic acid at this pH

value8. We have therefore concluded that in this case too occurs the reduction

of mesaconic acid. Th^se 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 +2e

CHs

mesa- or citradibromosuccinic acids

HOOC— CH = С—COOH + 2Br-

I

CH3

mesaconic or citraconic acids

HOOC — CH = С COOH M HOOC — CHs — CH —COOH

I ' I

CHs CHs

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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ИЗВОД

ПОЛАРОГРАФСКО ПОНАШАТЬЕ ЦИТРА И МЕЗАДИБРОМ ЪИЛИБАРНИХ

КИСЕЛИНА У ФОСФАТНОМ ПУФЕРУ

ИЛИНКА СПИРЕВСКА

Хемиски факулшеш на универзишешош „Кирил и Me&oduj", Ской]е

ВЛАДИМИР J. РЕКАЛИЪ

Технолошко-мешалуршки факулшеш Универзишеша у Београду

Испитиван>а поларографског понашан>а цитра- и мезадибромНилибарне киселине

показуху да на 6poj таласа, н>ихову висину и вредност полуталасног потенциала има зна

ча)ан утица) рН-вредност раствора. При редукцищ цитрадибромНилибарне киселине )ав-

л>а)у се три таласа. Први талас одговара редукци)и цитрадибромНилибарне киселине до

цитраконске (при рН 3,4) и мезаконске киселине (при рН 6,1). ТреНи талас се )авл>а услед

редукщце одговара)уКе незасиЬене киселине до метил Ьилибарне киселине. Друга талас

вероватно настаje редукци)ом произвола добивеног хидролизом цитрадибромкилибарне

киселине. Редукци)ом мезадибромНилибарне киселине )авл>а)'у се два таласа, позитивней

ко)и Hacraje редукци)ом мезадибромНилибарне киселине до мезаконске и негативней kojh

потиче од редукци)е мезаконске до метил Килибарне киселине.

(Примлено 10. септембра 1984)
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