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The assignment of certain bands in infrared spectra and the elucidation of elec-
tron-impact-~induced fragmentation mechanisms of organic molecules often require
the substitution of a specific hydrogen such as OH or NH with deuterium. A com-
prehensive review (1) regarding the exchange of hydrogen with deuterium empha-
sizes the use of various "wet'" chemical methods in order to obtain small quan-
tities of labeled sample with maximum purity. The quantitative exchange of en-
olizable hydrogen atoms for deuterium atoms in ketones by a single pass of sample
through an analytical gas-liquid chromatographic column pretreated with deuter-
ium oxide has been reported recently (2). The deuterium exchange for active hy-
drogens has been accomplished as well by employing acidic conditions (3). Al-
though small amounts of deuterated sample may be used for mass spectrometric
studies, the need for Infrared and Raman Spectroscopy require much greater sample
for band assignments. The present work was undertaken to test the general appli-
cation of deuterium labelling via preparative scale gas-liquid chromatography.

It has been found that an almost quantitative exchange (>90% total deuterium

exchange) of O 0
>FH to >P-D in 0,0-dimethyl hydrogen phosphonate and 0,0-diethyl

hydrogen phosphonate, -NH to -ND in pyrrole and -OH to -OD in aliphatic alcohols
can be accomplished during a single pass on a preparative scale gas chromatograph
using a column‘pretreated with deuterium oxide. The deuterium labelling of the
phosphorous compounds by any ''wet' chemical procedures would have been difficult,
since compounds of this type generally hydrolyze in water. It is interesting to
note that 1.5-3.0 gms of the exchanged compounds were collected during a single
pass. As shown in Table 1, all ketones will exchange enolizable hydrogens under

basic conditions, while a keto-alcohol will exchange only the -OH proton under
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normal conditions. Any attempts to exchange enolizable hydrogen atoms in ketones
without KOH did not produce any exchange.

The chromatographic units used in this work were built in this laboratory
by L. B. Westover and R. 8. Gohlke. The large unit consists of a cylindrical
glass tube six feet long and one inch inside diameter. The small unit contained
a straight stainless steel tube three feet long and 1/2 inch inside diameter.
The column packing consisted in most cases of chromosorb y (30-60 mesh) coated
with 25% carbowax 4000 or 25M. Thermal conductivity detectors were used and
helium as the carrier gas. The helium was dried free of moisture.

The preconditioning of tle column was carried out be passing a total of 6.8
cc. of D,0 with approximately 1.8 cc. injection at 3-5 minutes interval. After
all water had eluted through the column, the sample was injected (1.6-3 cc.) and
collected in a preconditioned trﬁp.é All compounds listed in Table 1 were ex-
changed under the conditions prescribed,'and the collected sample analyzed by
Infrared and NMR spectroscopy (4).

The isotopic purity of a deuterated compound was found to be improved by
making a second pass through the column after it has been retreated with D,0.
The amount of D30 used to retreat the column was varied with column size, amount
of packing and substrate. Although originally 6.8 cc. of Dy;0 was needed to con-
dition a carbowax E-4000 column in the large unit, 3-4 cc. of D,0 was necessary
to recondition for successive passes. It has been experienced that the condi-
tioned column lost a major portion of deuterium, when left overnight with helium
flowing through it.

It should be noted that this technique could serve a dual role in that a
sample can be deuterated and separated from its impurities at the same time. Far
example, a small amount of methanol impurities eluted faster than 0,0-dimethyl

hydrogen phosphonate under the conditions described.

a. Trap was rinsed with small amount of D,0 and dried in an oven at 110°C for a
few minutes.
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Labelled Compound

0,0-dimethyl deuterium
phosphonate

0,0-diethyl deuterium
phosphonate

Ethanol-0D°
Sec-butanol-0D
Pyrrole-ND®
l-heptanol-OD

l-hydroxy-3-methyl-2-
butanol1®-0D

Acetophenone-ds
4-methyl-2-pentanone-dg
4-~-Decanone-d.
2-hexanone-~d;

Valeraldehydef

A - 25% carbowax 4000

Table 1

% Deuterium

GLC
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C - 15% carbowax 20M + 10% KOH

B - 25% carbowax 20M

Exchange Column
(Single Pass) Conditions Packing
>90 95/58/1150 A
>90 95/50/2000 A
>90 75/24/85 A
>92 95/5/1150 A
>93 98/13/200 A
86 137/13/1150 B
66 139/30/1150 B
85 152/18/1150 C
364 85/15/500 c
90 137/16/1150 (o]
62 114/5/1150 C
[0} 102/3/1150 B

The quantitative exchange and high quality preparation of deuterated samples .

through preparative gas-liquid chromatography render this technique very

valuable for obtaining large amounts of sample for Infrared and Raman Spec~

troscopic studies in a short period of time.

b. Column temperature (°C)/retention time (min.)/carrier gas flow rate (ml./

nim.)

c. Small unit. The amount of D,0 used in preconditioning of column and
sample injected was reduced by a factor of five from that employed in

large unit.

d. Obtained 70% total exchange by making three passes.

e. Produced mainly methyl isopropenyl ketone (90% exchange of enolizable
hydrogens) with Column packing C.

f. Reacted with Column packing C.
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