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SUMMARY

Tritium labelling of saturated hydrocarbons (n-heptane, cyclo-
hexane) is conveniently performed on a small scale by isotopic
exchange with tritiated water in the presence of aluminium chloride.
The reaction involves hydride ion abstraction but is not accompanied
by isomerization, unless the reaction conditions are rather severe.
The activities of cyclohexane, and of the methylcyclopentane formed
by its isomerization, were found to be comparable.

INTRODUCTION

In order to prepare n-heptane and cyclohexane labelled with tritium for the
investigation of petroleum refining processes, recourse was had to isotopic
exchange with tritiated water, in the presence of anhydrous aluminium chloride.
This method has already been applied in our laboratory for the ring tritiation
of aromatics ), heterocyclic compounds =% and of other substances .

The specific activities of the saturated hydrocarbons obtained by this
method are expected to be lower than those obtained by the addition of tritium
to olefins ) or by isotopic exchange with gaseous tritium after Wilzbach. How-
ever, the method is very simple, rapid and convenient, and compares advan-
tageously with the heterogeneous exchange between alkanes and tritiated water
in the presence of platinum or oxidic catalysts %,

The tritiation of these saturated hydrocarbons by isotopic exchange in
homogenous catalysis with Lewis acids has not previously been described. In
the presence of TH,PO,BF;, aromatics are tritiated very rapidly but saturated
hydrocarbons without tertiary hydrogens are not affected . Since aluminium
chloride is one of the strongest Lewis acids known, we supposed it could be
effective in catalyzing the isotopic exchange between tritium oxide and cyclo-
hexane or n-heptane. This supposition was confirmed by experiment. In order
to devise a useful method, the competing isomerization of the hydrocarbon
must, however, be reduced to a minimum.

* Preceding parts in the series are references 1-3.
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There i1s evidence in the chemical literature that the isomerization and
isotopic exchange are not proportional, although they involve similar or
identical intermediates (7.

Current theories as to the mechanism of isomerization, cracking and
isotopic exchange of saturated hydrocarbons in the presence of Lewis acids ¢ 1%
consider that the initial step involves abstraction of a hydride ion from the
hydrocarbon. The co-catalyst (olefin, alkyl kalide or water) provides with the
Lewis acid catalyst, a cation able to initiate the chain process of hydride
abstraction. The co-catalytic effect of water, in the isomerization, first observed
by Nenitzescu and Cantuniari ! ? was confirmed by later authors 2~ 1%), Unlike
the acid H[AIX,] which cannot have independent existence, '®~'® the acids
H[AIX,0H] @*? 29 or H[X,Al {(¥)> AIX,] 3 exist (analogous oxygen-
bridged structures have also been described in other cases 2!''22)), These sub-
stances with complex anions are extremely strong Bronsted acids, so that they
can abstract hydride ions from alkanes evolving gaseous hydrogen ¥, The
remaining organic cation undergoes competing isomerization and reversible
proton elimination to an olefin, which by the reverse process leads to the iso-
topically labelled hydrocarbon. The relative rates of isomerization and labelling
depend on the interaction between the carbonium ions and the anions or the
solvent, hence on the reaction conditions.

The isomerization of cyclohexane into methyl-cyclopentane first observed
by Aschan **) was subsequently studied by Zelinsky and Turova-Pollak *%;
it was, however, Nenitzescu and Cantuniari 'Y who observed that the isomeri-
zation led to an equilibrium mixture of the two hydrocarbons, which could be
reached from both sides. Subsequent workers 8719: 142629 ¢onfirmed and
refined these findings. The isomerization process is no longer pictured 3% as
involving high energy primary carbonium ions, but dimeric structures ¢! 32 or
protonated cyclopropane intermediates 19,

EXPERIMENTAL PART AND RESULTS

In order to avoid isomerization, the influence of the temperature on the
isomerization of n-heptane (literature cited in ref. 9) in the presence of aluminium
chloride with ordinary water as co-catalyst was studied. In the absence of a
solvent, 100 mmoles (14.4 ml) n-heptane were kept 24 hrs. at room temperature
with 20 mmoles (2.66 g) anhydrous aluminium chloride and 10 mmoles (0.18 ml)
water. After hydrolysis, gas-liquid chromatography showed the absence of
isomerization. However, three hours’ refluxing with the same amounts of
reagents caused appreciable isomerization and cracking. Therefore the labelling
was performed at room temperature, for 24 hrs. The same amounts of reagents
were employed. A molar ratio 1:2 between tritiated water and aluminium
chloride was selected after literature data 7> 1371523+ although aluminium
halides AIX, are active and do not evolve HX with up to 6 moles H,O per mole
AlX;, the isomerization ceases at molar ratios higher than 3:1 7; the optimum
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ratio for isomerization is 0.5 ¢* 23 or 0.8-1 %), With a specific activity of the
tritiated water equal to 0.56 Ci/ml the n-heptane had after hydrolysis and
preparative gas-chromatographical purification a specificactivity of 12 mCi/mole.

In the tritiation of cyclohexane a comparison was made between aluminium
chloride and anhydrous perchloric acid as catalysts. A solution of anhydrous
perchloric acid in dichloromethane ©% or anhydrous aluminium chloride
without a solvent were employed as catalysts, and tritiated water in various
molar ratios as co-catalyst. After hydrolysis and purification by preparative
vapour phase chromatography, the cyclohexane and methylcyclopentane were
collected and their activities were measured separately. Results are presented
in the Table.

TasLE 1. Tritiation and isomerization of 1 mmole cyclohexane with HTO (0.56 Ci/ml) in
the presence of sublimed AICl3, or of anhydrous HCIO4 in CH2Cla.

Catalyst Spec1ﬁf: activity Ratio
mCi/mole MeCs/Cs
AlCl3 HCIOs | HTO | CH2Clz| Temp. Time after isom.
mmole | mmole | mmole ml °C hrs MeCs Cs A
— 0.5 0.5 8 40 1 2.0 2.0 1.0
— 0.5 2 8 40 1 — 0.17 1.0
— 0.5 3 8 40 1 0.20 1.0
0.5 — 0.5 —_ 70 3 1.3 3.2 9.0
0.2 —_ 0.1 — 20 24 3.0 1

It may be seen that in the presence of aluminium chloride at 20°C, or of
anhydrous perchloric acid at 40°C, little or no isomerization is observed,
although a fair amount of labelling is introduced into the cyclohexane. At 70°C,
in the presence of aluminium chloride, extensive isomerization occurs, slowly
approaching equilibrium. The specific activities of the resulting methylocyclo-
pentane are of comparable magnitude to those of cyclohexane (equal with
HCIO,, half with AICl,;). The highest specific activity of cyclohexane was
obtained with HCIO, for a molar ratio hydrocarbon:HCIO,:HTO equal to
1:0.5:0.5.

From the tritium atoms present in the tritiated water introduced into the
reaction, 1.29%, are incorporated into n-heptane and 0.3% into cyclohexane.
Despite this low tritium uptake and the low specific activity, there are cases when
the present method offers considerable advantages owing to its simplicity and
rapidity.

Manipulations were effected in the absence of atmospheric moisture. The
exchange was carried out in double-walled flasks with thermostated water under
magnetic stirring, as described previously ¢ ~¥. After hydrolysis the organic
layer was shaken with acidified water until a constant activity was obtained.
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Measurements were performed in compensated Geiger-Miiller counters,
using the hydrocarbon as quencher ®%. Gas-liquid chromatographic deter-
minations were effected with a CARLO-ERBA apparatus PAID/f type with
flame ionization detector, and VPC separations were made with a WILLY
GIEDE chromatograph with catharometer on a 2 m column packed with
APIEZON L 25%, on cellite C22; the temperature was 60 °C and the hydrogen
flow 100 ml/min.
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