Journal of Labelled Compounds — Oct-Deec — Vol., X, no.4 593

THE TRITIUM INCORPORATION INTO THE SOLVENTS UNDER CONDITIONS
OF CATALYTIC HYDROGENATION

Hanus J., Cerny B., Benes J.

Isotope Laboratory of the Institutes for Biological
Research, CSAV, 142 20 Prague, Czechoslovakia
Received on April 29, 1974

SUMMARY

The incorporation of tritium gas into diozan, tetrahydrofuran,
ethyl acetate, dimethylformamide, dimethylacetamide, dimethylsulfo-
zride and acetic acid anhydride wae studied in the presence of
heterogeneous catalysts PdO (Adams), Pt02 (Adams)} , Pd/BaSO4 (10%).
For the solvents and catalysts investigated the following depen—
dencies were observed:

1) Wilabach reaction of the solvents takes only a negligible part
in the total incorporation into the solvents.

2) The traces of exchanging impurities in solvents caused much
higher incorporation.

3) In the case of non exchanging solvents, practically all the
radicactivity incorporated ig bound on tritium water.

The most effective method with respect to the atieimment of
high specific activity during the tritiation of orgenic compounds
ie undoubtedly the hydrogenation of double bomds or catalytic de-
halogenation with carrier-free tritium. Literature gives various
information proving that in both cases an appreciable incorpors-
tion of tritium into the solvent takes place, even when work is
done with solvents lacking the so-called labile hydrogens, as for
example dioxamne, tetrshydrofuran, ethyl acetate etc. From the
above mentioned reasons we studied factors aeffecting the losts of
radioactivity into the solvents used.
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Apparstus and material

a) For the measurement and for all operstions with tritium gas
we used an spparatus developed in our laborastory which enables
the work under constant pressure of tritium, close to atmospheric
pressure /1/. The reaction vessel provided with a megnetic stir-
rer was fitted with a tube with a silicon seal. The total volume
of solvents used was 1 g. The solvent pamples were taken via
seal (approximately 10 mg) with a microsyringe. The samples were
weighed in glass bubbles and measured by liquid scintilletion me-
thod. The toial pressure (tritium pressure and pressure of sol-
vent vapour) in every experiment was approximately 600 Torr.

b) We used tritium gas imported from USSR in ampoules, which
was purified and stored in the form of uranium tritide. The spe-
cific activity of this tritium was measured im & ionisstion cham-
ber developed in our laboratory. The contents of tritium in the
imported ges were in the 75-85% range.

c¢) For our study we used common solvents recommended for tri-
tistion. The solvents were carefully purified and dried by chemi-
cal means which are used for preparation of pure or extra pure
solvents. The control of purity was carried our by ges chromato-
graphy.

d) Pt02 (Adamg) and PA0 (Adems) as well as Pd/BaSO, were used

4
as catalysts. Pd/C requires special conditions for its prepara-
tion and storage, which would only complicate the work snd there-
fore it was not employed, FdO and Pt02 were reduced with hydrogen
immediately before use and the solvent with traces of humidity
was submitted to lyopbilisation. The catalyst was used for the

study of the exchanges after the addition of fresh solvent in
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inert atmespkere.

Regults

The insepasrsble part of hydrogenation reaction is the inter-
action between the solvent and the tritium gas, i.e. Wilzbach
reaction., We found that for ethyl acetate, diocxan, tetrahydrofu-
ren and acetic acid anhydride the exchanges ceused by Wilabach
reactiorn are of the order of tens of mCi, i.e. negligible in com-
parisor with the exchanges taking place in the presence of cata-
lyst. Linesr course of the incorporation versus time plot, in
the directions towards the origin, shows that the contribution to
the activity caused by the solubility of tritium in the solvent
is negligiblse.

The grestest attentlion was devoted to the incorperation imto
solvents under the influence of catalyets. Fig.ls shows the
incorporation of tritium into ethyl acetate. After two to three
hours a distinct slowing down of the incorporation takes place
and the dependence on time assumes a8 linear character. An asnsalo-
gous dependence is obtained for all sclvents investigated. The
ethyl acetate used is very pure, see Fig.lb.

The purity of the solvents greatly affects the degree of incorpo-
ration. In Fig.2 thie effect is documented for dioxan.

The dioxan used, 1,2,3, corresponds approximetely to the following
qualities: pure grade, analyticel grade, for gspectrasl measurements.
For dioxan 2 almost totsl rediocsctivity is bound in impurities
(Pig.3a). Perfectly pure dioxan does not contain exchangeable hydro-
gens under the conditioms used.

In experiments with very pure solvents it was found that the
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a) The dependence of incorporation of tritium into very
pure ethyl acetate on time.

Catalyst: 1...Pt0,, 20 mg; 2...Pd/BaSO4(10%), 20 mg. 80% T,
b) Gss chromatogram of ethyl acetate used.
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Fige2. The dependence of incorporation of tritium into dioxanl,
2 and 3 on time. Catalyst Ptoz, 20 mg, 80% !2.
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Pig.3., The distribution of the radioactivity: a) in the components

of dioxen 2. Reaction time 5 hours. Gas chromstogram, 15%
DEGS on Chromosorb W, 45°C, b) in very pure dimethyl for-
mamide., Resction t{ime 4 hours. Gas chromatogram, Porapsak
qQ, 197°%.

larger part of the incorporated radiocactivity is in the form of
tritium water. This water may be eliminated quantitatively dy
ellowing the solvent to stand over & molecular sieve, The re-
sults of the imcorporation of solvents (afier five hours) and
the decreases in radiosctivity after stending over a molecular

sieve are shown in Teble 1,
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Table 1
Tritium So1 Catalyet
contents olvent ;
in used Pd/Bas0,(10%),20mg | Pt0,,20mg
gas before | after before | after
sleve gleve 3A sleve sleve
/mCi/ /mC1/ /mCi/ 34
/mCi/
75=80% |dioxen 400 39 900 13
tetrahydrofuran 420 38 1050 195
ethyl acetate 300 34 1050 108
45-50% |dimethylformamide 770 390 - -
dimethylacetamide 240 7 970 27
dimethyleudphoxide 470 20 - -
scetic acid snhydride| 670 5e0* - -

* after standing with molecular sieve 5A the radiocactivity decreases

do 353 mCi

The rapid drop in redioactivity to the valuee of tens of
mCi in dioxan, tetrshydrofuran, ethyl scetate, dimethylacetami~
de and dimethyl sulphoxide indicates that the mentioned solvents
do not contain exchangesble hydrogens under the givem reaction
conditions. A somewhat higher residuel radioactivity (after sieve
3 A) in the case of tetrshydrofuran and ethyl scetate when plati-
num catslyst is used mey be expleimed by the reaction of these sol-
vents with & very active catalyst, under formetion of traces of
by=-products. In the case of dimethyl sulphoxide the consumption
of tritium was observed during the whole experiment. Evidently
& slow reduction of this solvent occurs under formation of triti~
eted water as is also shown by a higher incorporated radicactivity
(see Table 1), for example in comparisor with dimethylacetamide,
Puring the reductions of the C~C double bonde in dimethylsulphoxide,
8 repid poisoning of the catelyst has been observed.

In dimethylformemide and acetic anhydride the incorporation
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of tritium increasses distinctly even after two hours (Fig.4).

_ 1
¢ — 1

Q

>

~0,51

N 2
=

O

<

0 1 2 : n

3
TIME (hour)

Pig.4. The dependence of incorporation of tritium into very pure
acetic acid anhydride (1) and dimethylformsmide (2) om
time, Catalyst Pd/BaSO, (10%), 20 mg. 43% %,.

In the case of dimethylformemide an exchange of the formyl group
for hydrogen evidently occurs (Pig.3b). In the case of acetic an-
hydride the catalyst enhances hydrogenolysis. This is proved by
the drop in pressure in the spparetus during the whole experiment.
The course of the hydrogenolysis and the subeequent reduction is
described by Musso and Pigge /2/. For tritium the resction sche-

me maYy be cornstrued as follows:
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Prom the reaction tritisted acetic acid and tritiated etha-
nol result., Acetic acid is formed both by the hydrogenolysis and
by the reaction of acetic anhydride with tritiated water (triti-
um water is formed by the reaction of gaseous tritium with the
catalyst - gee below)., For this resson the drop in radicactivity
after sieve 3 A 1is very slight. From the calculation of the
theoretical course of the reduction a value approximstely about

250 mCi follows in the ethanol formed, The radioactivity of the
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Fig.5. The dependence of incorporstiom of tritium into dioxen 3
orn time, Catalyst: Pd/BaSO‘(IO%), le.o40 mg, 2...20 mg;

TW &2. Pdo, 3..01293 ng (o.l “)g 4...6.15 ng (0.05 nl);
40% Foe
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reaction mixture did indeed decrease to this extent after the ad-
dition of the molecular sieve 5 A (it sorbe ethanol),

In order to explain the formation of tritium water in the
course of the experiments we determined the effect of the amount
of cetalyst on the magnitude of the incorporstion into the sol-
vents (Fig.5). It is clear thet in very pure solvents which do
not exchange hydrogens, the catalyst is responsible for the majo-
rity of the incorporated radiocactivity, So fer it is not kmown
in wkich form the traces of oxygen bound to the catalyst remsin.
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