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A Direct Preparation of Fully Deuterated High-molecular-weight
Hydrocarbons

By J. G. Arkinson,* M. O. Lukgk, and R. S. STUART
({sotopic Laboratories of Mevck Sharp and Dohme of Canada, Ltd., Montreal, Canada)

THERE is growing interest in methods of synthe-
sizing isotopically labelled compounds in view of
their widespread use in the study of reaction
mechanisms both of a chemical and biological
nature.

We report a general exchange procedure for the
preparation of saturated fully deuterated hydro-
carbons containing from 10 to 36 carbon atoms
which complements several other recent syntheses
of deuterated hydrocarbons.!-¢ Thus, Garnett and
his co-workers have reported the use of DCI to
label olefins! and Larson, Hightower, and Hall?
have prepared a number of low-molecular-weight
perdeuterated olefins using 1D, gas and an alumina

catalyst. Workers from this laboratory have also
reported the use of the Wittig reaction to syn-
thesize a number of specifically labelled olefins?
and Dixon and Marr have reported the gas-phase
exchange of octanes with D, gas.

The latter technique, which has been used in
several laboratories, is not applicable to the
higher-molecular-weight nonvolatile hydrocarbons,
and we have accordingly investigated and success-
fully developed a liquid-phase exchange procedure.
The method consists of bubbling D, gas through
an exchange cell containing the hydrocarbon and
a fixed bed of catalyst. Catalysts successfully
investigated to date are Pd, Pt, and Rh (each 29
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on charcoal), and Raney nickel. During exchange
the cell is immersed in an oil bath at 150—200°,
depending on the volatility of the hydrocarbons.
At the end of the exchange, the material is
scparated from the catalyst and either distilled
or recrystallized. The compounds prepared by
this technique are shown in the Table. This
represents the first reported preparation of thesc
materials in their deuterated form.
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Since very little work has been done on the
mechanism of liquid-phase exchanges, in contrast
to the extensive investigations on gas-phase
exchanges,® work has been started to elucidate the
mechanistic aspects of this exchange.

We acknowledge financial support in the form
of an Industrial Research Grant from the National
Research Council of Canada.

‘TABLE

Perdeuterated hydrocarbons prepared by exchange with deuterium gas®

Product
{*H,,]-n-Decance
[2Hye]-n-Dodecane
[2Hg,]-n-Hexadecane
(2Hg4]-n-Octadecanc
[2H;,]-n-Tetracosanc
2H¢]-n-Octacosanc
*H;,}-n-Hexatriacontanc

Starting material

n-Dccane
n-Dodecanc
n-Hexadecanc
n-Octadecane
n-Tctracosane
n-Octacosanc
n-Hexatriacontanc
Pristanc (2,6,10,14-Tetra-
methylpentadecanc)
Squalane (2,6,10,15,19,23-
Hexamethyltetracosance)
cts-Decalin
trans-Decalin
1,5,9-Cyclododcecatrienc
Cyclododecane
trans-Stilbenc

[?H,,]-Pristane

*Hg]1Squalanc
[-HH]Decahn d
"2H,¢]Decalin?

2H,,)Cvyclododecance
{2H,,4]Cyclododecane

;H%] 1,2-Dicvclohexylethane

Hr. ofc
Analysis? Temperaturc exchange
969, D (i.r.) 170° 282
98:6°, D (mass) 195° 430
99-49, D (mass) 190° 316
‘)7'901, D (n.m.r.) 195° 1360
98:6%, D {(n.m.r.) 195° 596
97-99%, D (mass 195° 1500
99-5°%, D (mass) 195° 1500
99-69, D (mass) 195° 400
99-5%,D (mass) 195° 1465
999, D (n.m.r.) 165° 496
999, D (ir.) 175° 500
99-59, 1 (mass) 195° 1210
990, D (i.r.) 195° 452
98- ]‘?’ D (mass) 185° 4720

a The hydrocarbon-to-catalyst weight ratio was kept constant in all runs and the same catalyst (29, Pd/C,

10-—30 mesh) used throughout.
M Iixpressed as atom 9

deuterium with the analvtical method in brackets.

¢ The hours of exchangu have been adjusted to indicate the exchange rate relative to the 20 g. of n-hexadecanc

(t.e., 3 equiv. of hydrogen).

4 The [TH s decalin obtained was 939, trans and 7°, cis.

Cracking or skeletal isomerization is completely
absent as evidenced by the chemical purity of the
deuterated products obtained. This was firmly
cstablished in an experiment with pristane (I) in
which the compound was subjected to H, passage
under the exchange conditions for 700 hours. The
recovered pristane had a mass-spectral cracking
pattern identical with that of the starting material.

Epimcrization at tertiary carbon atoms does
occur as shown in the Table for the results with
cis- and frans-decalin.  [*H,,]Pristane and [*Hs, }-
squalane undoubtedly are also obtained as a
mixture of their stereoisomers,

Cro Hyo
(identical with
starting material)

2 .
{"Hyp} Pristanc
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