Tetrahedron Letters No. 49, pp 4531 - 4534, 1976, Pergamen Press. Printed in Great Britain.

TRITIUM LABELLING OF ALKANES USING ORGANOALUMINIUM DIHALTDE CATALYSTS

Mervyn A. Long, Jchn L. Garnett, Ross F.W. Vining

University of New South Wales, Kensington, N.S.W. 2033, Australia.

(Received in UK 5 October 1976; accepted for publication 18 October 1976)

Recently a rapid and simple technique for the tritiation of various types of aromatic and
olefinic compounds using organometallic halides as catalysts was described in detail.1 The
procedure involved the addition of ethylaluminium chloride, or one of a number of similar Lewis
acid type halides, to the organic compound followed by a few microlites of high specific
activity tritiated water (5 Ci g—i). Labelling of most arcmatic compounds and a number of
alkenes was complete within a few minutes at room temperature. With these aromatic and
olefinic compounds no significant byproduct formation accompanied the labelling except for a few
pelysubstituted aromaties such as the dibromobenzenes where some substituent migration was
observed.2

The results previously discussedi’3 implied that the technique was not satisfactory for
the labelling of saturated hydrocarbons. We now report that recent detailed studies of the
tritiation of a variety of alkanes show the technique to be applicable to many alkanes, in
particular those containing tertiary carbon atoms, only a slight modification in reaction
conditions (time and temperature) being necessary in some instances.

The use of relatively drastic conditions such as concentrated D SOu for the deuteration of

2
tertiary alkanes, and liguid DBr/AlBr3 for the deuteration of both stralght and branched chain
alkanes is well known.u Such deuteration procedures can be adapted for tritium labelling and
are in contrast to the present tritiation technique where conditlions are relatively mild, and
the degree of tritium incorporaticn into the organic compound is frequently high. The trace
amounts of high specific activity impurities of the type produced by the metal catalysed
labelling procedures are also not encountered.

The results of the tritiation of a number of compounds representative of various types of
alkane are listed in the table. In each case ethylaluminium chleoride (0,15 mmole) was added

under a dry nitrogen atmosphere to the alkane (3.5 mmole) followed by high specific activity

i . . -1 .
tritiated water (12.5 mCi, 5Ci ml ). The sealed sample was either stored at room temperature,
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o
or 967, Samples were analysed by means of a gas chromatograph coupled to a radiation
detector,

Labelling of both eyclic and non-cyclic alkanes was chserved in every case where the

molecule contained at least one hydrogen atom attached to a tertiary carbon atom. In general
+he decyee of tritium incoarnoration waa ~cemaidanatly enhanced buv slevation ofF the vesct+tisn
LU UL Wi Chosldlbdin Ldlnlrtipuiiat Lol ™ AULS LS LT L Y clilialle il JJ)( ELEva Lol O Ll L'eads Ll b

temperature to 96, In contrast, of the alkanes studied, not one possessing only primary
and secondary hydrogen atoms showed any significant tritiation at either room temperature or
36" (see footnote to table). The conclusion that the presence of a tertiary hydrogen atom is
necessary if an alkane is to be labelled by this procedure is in accord with the ease of
hydrogen exchange observed when alkanes are treated with stfong acids.u

In most instances when labelling of the alkane occurred, some skeletal isomerisation to
yield labelled byproduct was also observed. In the case of a substance which forms a
particularly stable carbonium ion, such as 2,3-dimethylbutane, the degree of isomerisation was
very low, and the small degree (5%) of active byproduct produced was thought to be due to the
presence in the starting material of traces of alkenes which have been shown to label very
readily by this technique.1 With 3-methylpentane substantial conversion to either 2-methyl-
pentane or 2,3-dimethylbutane, both of which form more stable carbonium ions, cccurred. Likewise,
~onsiderable is hylcyclohexanes to a variety of
In such cases ‘the degree of isomerisation was considerably greater at 96° than at room
temperature with the result that, while the degree of tritiation of the parent compound was
lower at room temperature the radio-chemical purity of the product was usually higher. In
general it was possible to isolate pure labelled parent compound by gas chromatography and, in
some instances, isolation of an isomerised product which possessed high specific activity was

also possible, thus constituting a route to an otherwise unavailable labelled compound.

The results clearly show that the simple tritiation technique described is applicable

beyond the aromatic and unsaturated systems previously studied, although reaction times greater
: . P .
than the few minutes required for aromatics™ are necessary {(footnote (d) in table). The

observation that alkanes with tertiary hydrogen atoms may be labelled suggests the technique may
be applicable to the labelling of more complicated molecules than have been used here, such as
the ring systems of cholestane and saturated steroids. Investigations in this direction are

continuing.
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