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

By J. G .  ATKINSON,* 31. 0. L u m ,  and l<. S. S*ru.mT 
(Isotopic Laboratories of iVIerck Sharp and Dokrne o-f Canada, Ltd.,  ,I/lontreal, 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 
na t u  re. 

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 dehterated hydrocarbons.'-* 'Thus, Garnett and 
his co-workers have reported the use of DC1 to 
label olefins' and Larson, Hightower, and Ha112 
have prepared a number of low-molecular-weight 
perdeuterated olefins using I), gas and an alumina 

catalyst. Workers from this laboratory have also 
reported the use of the \Vittig reaction to syn- 
thesize a nunibcr of specifically labelled olefii~s,~ 
and Dixon and Marr* have reported the gas-phase 
exchange of octanes with gas. 

The latter technique, which has been used in 
scveral laboratories, is not applicable to thc 
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 2yo 
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on charcoal), and Raney nickel. Ihr ing  exchange 
the cell is ininiersed in an oil bath a t  150--200", 
clcpeiiding on the volatility of the hydrocarbons. 
.It tlic end of the exchangc, the material is 
xparated from the catalyst and either distilled 
()r r-cvystallized. The compounds prepared by 
this technique are shown in the Table. This 
represents the first reported preparation of thew 
niatc.rials in their deuterated form. 

Since very little work has been done on the 
iiiechaiiism of liquid-phase exchanges, in contrast 
to the extensive in\-estigations on gas-phase 
exchanges,5 work has been started to clucidate the 
mechanistic aspects of this exchange. 

\Ye acknowledge financial support in the form 
of an Iiitlustrial Research Grant from thc National 
liescarch Council of Canada. 

'SABLE 

Starting mntcrid 
n-1)ccane 
II- I1otlecanc 
n-Hcsatlecanc 
n-Octadecmc 
n-'l'ctracosanc 
n-( ktacosanc 
11-1 Icxatriacontanc 
l'ristanc (2,6,10,14-?'etra- 

nicth? lpcntadecanc) 
Squ,ilanc (2,6,10,15,1'3,23- 

Iiexamcth;, ltetracosanc) 
cis- Ikcalin 
lvaiza - Decalin 
1.5, !~-('\-clotlotlcc:tt~-lcnc 
C yclododccanc 
f ~ a n  r-Stilbenc 

l'roduct 
[2HH,,]-n-Decane 
[2HH,,]-n-Dodccanc 
!2H34] -n-Hexadecanc 
[zH3,]-n-Octadecanc 
[ z  H,,]-n-Tetracosanc 
'*H,,]-n-Octacosane 
,zHH;,]-n-Hcxatri,tco~itane 

[LH,,] -Pristane 

L2H62j Squa lanc 
i211i,,]Decdlin(' 
L2H,,] Decalin'' 
'17~,,]C~~clodotlec~tnc 
I LH,,]Crcloclode~ane 
L ~ H , ~ ] -  1,3-D1cvclohes~ lcthanc 

.tnalysis '1 

96O, D (ix.) 
08.600 D (mass) 
H9.4q,, 13 (mass) 
9 i - O o , ,  T I  (n.m.r.) 
' 3 8 * 6 O , ,  1) (n.m.r.) 
0+7.90,,, 11 (mass 
'31)-3°, D (mass) 

9!~*60, D (mass) 

'I'eniperaturc. 
1 i 0"  
1'35" 
luoO 
195" 
195" 
195" 
1'35" 

1 !) 3 

195" 
165" 
1i5" 
195" 
195" 
185" 

Hr. o f c  
cxchangc 

282 
430 
316 

1360 
596 

1500 
1500 

400 

1465 
496 
500 

1210 
252 

472u 

a 'l'iic h!~clrocnr-bon-tt~-c~t~I~.st \wight ratio \vas  kept  constnnt in all runs and the same catalyst (2"" Ptl/C, 

1) ICxprcssctl as atom 0; deuterium with thc ;inalyticsl method in braclicts. 
(' The Iiotirs of exchange hn\rc been atljustrd to indicate the cxchangc rate rclati\rc to thc 20 g. of n-hexadecanc 

11 Thc [~1131qjdecalin obtained \\.;LS !)3(!" t rans  and ic;() cis. 

I0 - 4 0  mesh) usccl throughout. 

( Z . P . ,  3 equi\,. of hydrogen). 

Cracking or skeletal isoiiicrization is coinylctely 
abscwt as c.~~idcncetl by the chemical purity of thc 
dcuteratecl products obtained. This was firmly 
established in an experiment ivith pristane (I)  in 
\I hich the cornpound was siibjccted to H, passage 
under the cxcliange conditions for 700 hours. The 
recoveretl pristane had a mass-spectral cracking 
pattern identical 11 ith that  of the starting material. 

I<pinicrization a t  tertiary carbon atom$ does 
occur ;is shown in the Table for the results with 
cis- and tvms-dccalin. [2H40j I'ristane and [2H,2]- 
sqii;ilaiic iincloubtedly are  also obtained as ;I 

mix t urv of tlicir stereoisomers. 

 HA^^ Pristane Ci9 H4o 
(identical with 

starting material) 

(Received, ,iJarcli 29th, 196 i ;  Cow.  300.) 
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