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The addition of hydrogen bromide to pure undecenoic acid in toluene
solution in the absence of air (oxygen) yields nearly pure 10-bromo-
undecanoic acid.®¥(® The presence of air (oxygen) () or reduced nickel®
gives rise to the formation of more or less 1l-bromo-undecanoic acid.
The smaller the concentration of undecenoic acid in toluene solution, the
greater the effect of either oxygen or reduced nickel.®®

Antioxidants, such as diphenylamine, catechol and hydroquinone,
eliminate to a greater or smaller extent the effects of oxygen and of reduced
nickel on the addition of hydrogen bromide to undecenoic acid in toluene
solution.® These substances are more effective in inhibiting the action
of oxygen than of reduced nickel, and diphenylamine has practically no
influence on reduced nickel.®

Ashten and Smith® observed, in the-addition of hydrogen bromide
to undecenoic acid in ligroin solution, that the impurities, originated from
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the by-products in the preparation of undecenoic acid from ricinus oil,
increased greatly the sensitiveness of undecenoic acid to oxygen, and as
the impurities were removed, the undecenoic acid became less sensitive
to oxygen. :

In the present paper the authors deal with the influence of the impuri-
ties on the effects of oxygen and of reduced nickel in the addition of
hydrogen bromide to undecenoic acid in toluene solution.

As the pure specimen of undecenoic acid a commercial product melt-
ing at 23.3-23.8° (corr.) (Kahlbaum, “extra pure”) was used. The other
specimen was prepared frem ricinus oil and purified until it showed a
melting point 20.5-21.7° (corr.). While the former was free from any
traces of peroxides, the latter gave a very faint colouration with am-
monium thiocyanate and ferrous ammonium sulphate. Even immediately
after distilled in vacuum, the impure acid showed a slight peroxide reac-
tion. Such a liability to form peroxides is a feature of impure undecenoic
acid, and is caused probably by the presence of some aldehydes.®® To
protect the impure undecenoic acid, and even the pure if once its con-
tainer was opened, from the formation of peroxides, they were kept in
solid state in a refrigerator until use.

Hydrogen bromide was prepared by the action of bromine on hot
tetralin and purified according to the directions of A. Klemenc.® Re-
duced nickel was prepared by reducing nickel oxide (Kahlbaum) with
hydrogen.

The results of experiments are shown in Tables 1 and 2. Hydrogen
bromide was passed into the solution of 1.3 g. undecenoic acid in 20 c.c.
toluene (more dilute than in the previous experiments) at 0°C. in the
dark for an hour. The fundamental procedure of the experiments was
the same as described in the first paper.®® Thus, the additions in vacuum
and in the presence of air and of reduced nickel were carried out just in
the same manner as done previously. The reactions with the admission
of given amounts of oxygen were carried out in the same way as the
reactions in vacuum, except that, just before the introduction of hydrogen
bromide, the required volumes of oxygen were admitted and the reaction
vessels were shaken for five minutes.

The reaction mixtures were treated in the same way as before, and
the compositions of the products were determined by measuring the melt-
ing (clearing) points (compare Fig. 2 of the first paper). Although the
reaction was always complete, the impurities in the starting material
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Table 1. Pure undecenoic acid, m.p. 23.3-23.8°.

B Product
1 xp' H In resence of ——— e ..._.,__:..______..._.._._.._ e —
No. p . s i 11-Bromo-undecanoic
| Melting point (°C.) acid (%)
| . .
1 ! None (vacuum) 34.6 . 2
2 Oxygen 0.5c.c. 30.2 19
3 . ” 30.6 17
4 ’ le.c. 30.0 19
.5 1 » ‘ 29.8 20
G* Air 48.7 97
T Reduced nickel 3.0 g. 25.5 34

i 'E'xp. 5 of the first paper(368g undecenoic acid in 20 c.c. toluene).

Table 2. Impure undecenoic acid, m.p. 20.5-21.7°,

| | Product
. Exp. | In
presence of i
No. Melting point (°C.) 11- Bro:::?éurzg?can oic
8  None (vacuum) : 33.0 i 8—
9 Oxygen 0.5¢ c. 43.4 76+
10 . lce. 46.1 86+
11 Air 48.4 96+

12 Reduced nickel 3.0g. 26.0 36—

might affect the melting points of the products. However, it can be con-
sidered that the impurities were removed when the crystallized products
were pressed on porous plates. The numbers in the last column of Table 2
were obtained by assuming the products contained only the two bromo-
undecanoic acids. The minus and plus signs indicate that the percentage
of 11-bromo-undecanoic acid should be smaller and greater respectively
if the impurities still contaminated the products and lowered their melting
points.

In absence of air the pure undecenoic acid gave nearly pure 10-
bromo-undecanoic acid (Exp. 1), while the impure starting acid a pro-
duct ‘containing perhaps a greater amount of  11-brome-undecanoic acid
(Exp. 8). No difference was found between the pure and the impure
specimens in the reactions in air (Exps. 6 and 11), the amount of oxygen
absorbed under the conditions of the experiments being sufficient for
producing the maximum proportion of 11-bromo-undecanoic acid in either
case. However, with the limited amounts of oxygen, a great difference
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was observed between the pure and the impure specimens of undecenoic
acid: With 0.5 or 1c.c. oxygen, only about 20 per cent of the products
from the pure undecenoic acid was 11-bromo-undecanoic acid (Exps. 2,
3, 4, and 5), while the proportion ¢f 10- and 11-bromo-undecanoic acids
was nearly reversed in the products from the impure starting acid (Exps.
9 and 10).

Thus, the impure undecenoic acid was found to be far more sensitive
to oxygen than the pure acid in the addition of hydrogen bromide in
toluene solution, although the greater sensitiveness of the impure acid
remains to be explained chemically. A possible explanation may be that,
as the impure acid is much more liable to form peroxides than the pure
as mentioned above, the former might absorb oxygen (partly in the
form of peroxides) more easily than the latter, and, therefore, more
oxygen (a part regenerated from the peroxides by the action of hydrogen
bromide) might be present in the impure acid than in the pure during
the addition reaction. If so, the presence of more oxygen would be
simply the cause of the apparent greater sensitiveness of the impure un-
decenoic acid to oxygen. Otherwise, the peroxides, if not decomposed by
hydrogen bromide, might be more powerful than molecular oxygen in
reversing the direction of addition of hydrogen bromide, although the
molecular oxygen is more active than the peroxide from allyl bromide in
the case of the addition ef hydrogen bromide to allyl bromide.™ Further,
it may be also suspected that the impurities might act as oxygen carriers
during the reaction. At any rate, nothing more concrete can be mentioned
for the present.

On the other hand, the effect of reduced nickel seems not to be in-
fluenced by the impurities (Exps. 7 and 12). Even if the difference exist-
ing between Exps. 1 and 8 were taken into consideration or the impuri-
ties in the starting acid were assumed to affect the melting point of the
product, it could be safely mentioned at least that the effect of reduced
nickel was not increased by the impurities, contrary to the effect of oxygen.
This may suggest the different mechanisms for the catalytic actions of
oxygen and of reduced nickel, although their effects are very similar as
seen from the results of the reactions which take place in their presence.
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