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CHEMISTRY

Corresponding Member of the Academy of Sciences of the USSR O. A. REUTOV
and T. N. SHATKINA

ISOMERIZATION OF THE PROPYL CATION
Roberts and Halmann (1) described a rearrangement of the propyl cation

CH3 − CH2 − C14H+
2 ⇌+ CH2 − C14H2 − CH3

in the reaction of 𝑛-propylamine labeled with 𝐶14 with nitrous acid:

CH3 − CH2 − C14H2 − NH2
HNO2−−−−→ CH3 − C14H2 − CH2 − OH

Naturally, this interesting rearrangement attracted the attention of chemists,
since it represents the simplest case of a rearrangement of the pinacol type. The
indicated rearrangement has already entered the newest textbooks of organic
chemistry; on the basis of this rearrangement, the concept has been advanced
of the simplest nonclassical cation

CH3��
CH2 CH2⊕

Recently we showed (2) that the free propyl radical in a solution of carbon
tetrachloride does not undergo skeletal rearrangement. Instead, isomerization
is observed with migration of a hydrogen atom from the 𝛽-position

CH3 − CH2 − C14H2⋅ ⇌ ⋅CH2 − CH2 − C14H3

In view of the rather frequently observed analogy in the behavior of radicals
and cations, we analyzed the above-cited work of Roberts and Halmann (1) and
found that their conclusion concerning the nature of the rearrangement of the
propyl cation is not the only possible one.

The authors decided that carbon 𝐶14 is located in the 2-position of the molecule
of the 𝑛-propyl alcohol formed (CH3 − C14H2 − CH2 − OH) on the basis of the
activity of ethylamine formed as a result of the following reactions:
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CH3 − CH2 − C14H2 − NH2
HNO2−−−−→ CH3 − CH2 − CH2 − OH

KMnO4−−−−−→

→ CH3 − CH2 − COOH
HN3−−−→ CH3 − CH2 − NH2 + CO2

active

That radioactive carbon 𝐶14 is bound precisely to nitrogen in the ethylamine
molecule was an assumption of the authors, not proved experimentally.

If, however, 𝐶14 is in fact located in the methyl group of the ethylamine molecule,
then in this case the propyl cation did not undergo a rearrangement of the
pinacol type, but was isomerized through migration of a hydride ion.*

We repeated the work of Roberts and Halmann and established that the indi-
cated authors were mistaken.**

* It should be noted that the isomerization of the 𝑛-propyl cation into the
iso-propyl cation in the reaction of 𝑛-propylamine with nitrous acid is stated as
already known (3); among the products of the indicated reaction, a considerable
amount of isopropyl alcohol was found (yield of 𝑛-propyl alcohol 7%, isopropyl
alcohol 32%).

** It should be noted that in work with other amines (3-aryl-1-propylamines-1-
𝐶14) Roberts et al. (4) impeccably proved skeletal rearrangements in the reaction
with nitrous acid.

In reality, under the conditions considered, the propyl cation undergoes an iso-
merization analogous to the isomerization of the propyl radical discovered by
us, namely:

CH3−CH2−C14H+
2 ⇄ +CH2−CH2−C14H3

The interaction of perchloric-acid n-propylamine (activity 1.54 𝜇Cu/mmol) with
nitrous acid led to the formation of n-propyl and isopropyl alcohols.

CH3−CH2−C14H2−NH2 ⋅ HClO4
HNO2−−−−⇀↽−−−− CH3−CH2−CH2−OH+

+CH3−CH(OH)−CH3

On oxidation of n-propyl alcohol with potassium permanganate, propionic acid
was obtained (activity 0.57 𝜇Cu/mmol), which was further oxidized with potas-
sium dichromate to acetic acid (activity 0.045 𝜇Cu/mmol) and carbon dioxide.
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CH3−CH2−CH2−OH
KMnO4←−−−−− CH3−CH2−COOH

K2Cr2O7←−−−−−− CH3−COOH + CO2

Acetic acid was: a) degraded by the Schmidt reaction and b) fused with alkali
in the form of the sodium salt.

In the first case all the activity from the acetic acid passed into methylamine,
and in the second, into methane:

CH3−COOH
⎧{
⎨{⎩

HN3−−−→ C14H3−NH2 + CO2 + N2
NaOH−−−−→ C14H4 + Na2CO3

Thus it is clear that the n-propyl alcohol formed in the reaction of n-propylamine-
1-C14 with nitrous acid contains radioactive carbon C14 only in positions 1 and
3.

By an analogous route we proved that isopropyl alcohol also contains C14 in
positions 1 and 3 (but not in position 2).

The isomerization of the n-propyl cation found by us is either a one-stage process
of migration of a hydrogen anion from the 𝛽-position,

CH3−CH2−C14H+
2 ⇄ +CH2−CH2−C14H3 (I)

or else a two-stage process of migration of a hydrogen anion from the 𝛼-position:

a) CH3−CH2−C14H+
2 ⇄ CH3−

+
CH−C14H3

b) CH3−
+
CH−C14H3 ⇄ +CH2−CH2−C14H3 (II)

In favor of the second mechanism is both the fact of formation of isopropyl
alcohol in the reaction studied and the results of studies of hydrogen exchange
of paraffins (for example, 5). On the other hand, in the literature (6) only the
formation of isopropyl alcohol (without admixture of n-propyl alcohol) under
the action of nitrous acid on isopropylamine has been described.*

Thus, the question of whether the isomerization found by us takes place in one
stage or in two stages remains open for the present.

The capacity for isomerization with migration of hydrogen anions is undoubtedly,
to some extent, a general property of alkyl cations. Roberts

* The results of this work require verification. Since, for the formation of n-
propyl alcohol, isomerization of the more stable isopropyl cation into the less
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stable n-propyl cation is necessary (CH3−
+
CH−CH3 → +CH2−CH2−CH3), it is

evident that, if this isomerization does occur, then only to a small extent, and
the reaction mixture can contain only a few percent of n-propyl alcohol.

with co-workers (7), for example, observed such isomerization for the ethyl
cation in the reaction of ethylamine with nitrous acid. It is quite probable
that such isomerization also occurs in the mutual transformations of alicycles
by the Demyanov reaction.

From this assumption, for example, it follows that in molecules of cyclohexanol
formed by the action of nitrous acid on cyclohexylamine, the hydroxyl group is
attached not only to the carbon atom to which the amino group was attached
in the starting cyclohexylamine molecule.

Finally, it should be noted that the absence of skeletal rearrangement of the
propyl cation in the reaction we studied is by no means evidence that the indi-
cated rearrangement cannot occur under other conditions.
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