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Benzene rings of polystyrene samples are labelled with deute-
rium oxide and catalytic amount of platinum(IV) oxide under
hydrothermal conditions.

Deuterium labelled compounds have been important for both
chemical and biological research and are mainly prepared by
isotope exchange. A number of works concerning H–D exchange
method have been reported. These works have been performed by
acid catalysed reaction in D2O,1 base catalyzed reaction in D2O,2
and metal catalysed reaction under D2 atmosphere.3 It should also
be noted that partial H–D exchange reactions were also performed
under microwave irradiation4 and under the effect of a transition
metal catalyst in D2O.5 Recently, deuterated compounds have
aroused interest not only for laboratory use but also for practical
application. Deuterium labelled polymers are considered to be
feasible materials for wave guides in optical communication,
because of their transparency in the red beam infrared area of
500–800 nm.6 In this case, a greater distribution of deuterium atoms
in the polymer is preferable. The preparation of deuterium labelled
polymers has been performed by polymerisation of labelled
monomers. Direct H–D exchange has also been attempted in some
cases. For example, active protons in a polymer such as N–H in
polyamides were exchangeable with deuterium oxide.7 The C–H
bonds in a hydrocarbon skeleton were also attempted to be
exchanged with D2 gas in the presence of transition metal catalyst,8
but the exchange ratio was quite low. Recently, we developed a new
method of H–D exchange reaction of hydrocarbons with palladium
catalyst under hydrothermal conditions with deuterium oxide.9 In
this method, hydrocarbons were heated with deuterium oxide and a
palladium catalyst in a Teflon® lined stainless autoclave at 250 °C
for several hours. Our developed method is easily applicable to
various types of compounds. This hydrothermal method was
applied to the deuterium labelling of polystyrene.

The efficiency of a catalyst for H–D exchange reaction of the
aromatic ring was examined for the reaction of butylbenzene (1) as
shown in Scheme 1. A mixture of butylbenzene (1, 2.0 mmol), 10
mol% catalyst, and deuterium oxide (20 g) in a 30 ml Teflon®
vessel was placed in a stainless autoclave.9–11 The whole was
sealed and heated at 250 °C. The internal pressure reached to ca.
4 ~ 5 MPa. This hydrothermal condition was maintained for 2 h.
The obtained mixture was extracted with hexane after cooling to
room temperature. The extracts were concentrated and purified
using short silica-gel column chromatography. The product was
analyzed by GC , 1H nmr, 2H nmr, and mass spectra.

The use of Pd/C as a catalyst showed the best efficiency of H–D
exchange on sp3 carbons among the examined catalysts in Table 1.9
As far as the exchange efficiency on the benzene ring of 1,

platinum(IV) oxide (PtO2) gave the best result. In the deuteration of
polystyrene, the efficiency on the benzene ring may have priority.
As shown in Table 2, the conversion corresponding to the reaction
time was examined. The H–D exchange on benzene ring was nearly
completed after 14 h.

As shown in Table 3, polystyrene samples were treated with
hydrothermal deuterium oxide in the presence of catalytic amount
of PtO2. The samples were commercially available from AldrichJ
as Mw standards of 800, 13000, 44000, and 280000. Polystyrene
(2.0 g), PtO2 (1.0 mmol), and deuterium oxide (2.0 g) were
pulverized and mixed completely by a ball mill machine (planetary
ball mill, P-5, FritschJ, using a 80 ml stainless steel vessel and five

Scheme 1 H–D exchange reaction of butylbenzene (1).

Table 1 Metal salt catalyzed deuteration of butylbenzene (1) under
hydrothermal conditionsa,b

Run Catalyst 2 CAr (%) C1 (%) C2 (%) C3 (%) C4 (%)

1 Pd/C 20 67 42 49 43
2 PdO 2 61 38 50 42
3 PtO2 28 42 26 32 30
4 Pd black < 5 32 14 24 16
5 Raney Ni 3 28 10 13 5
a Substrate (2.0 mmol), catalyst (2 mol% metal), and D2O (20.0 g). b The
ratios were determined by 1H nmr, 2H nmr, and mass spectra.

Table 2 PtO2 catalyzed deuteration of butylbenzene 1 under hydrothermal
conditionsa,b

Time (h) CAr (%) C1 (%) C2 (%) C3 (%) C4 (%)

2 28 42 26 32 30
4 65 58 49 48 40
6 81 75 59 65 56

14 96 95 94 95 83
a Substrate (2.0 mmol), PtO2 (2 mol%), and D2O (20.0 g). b The ratios were
determined by 1H nmr, 2H nmr, and mass spectra.

Table 3 Deuteration of polystyrene with D2O-PtO2. 

AldrichJ
Standard PS Mw

Reaction
time (h) D% on Ph

D% on
Chain Yield (%)

800 14 61 43 > 99
100 71 52 > 99

13000 14 28 2 > 99
100 42 7 > 99

44000 13 20 1 > 99
100 44 3 > 99

280000 13 22 < 1 > 99
100 38 2 > 99
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stainless steel balls (f 20 mm)). The obtained mixture and
deuterium oxide (15 g) in a 30 ml Teflon vessel was placed in a
stainless steel autoclave. The autoclave was heated at 250 °C for the
period indicated in Table 3. The internal pressure reached to ca.
4 ~ 5 MPa. The obtained mixture was extracted with chloroform
after cooling to room temperature. The extracts were concentrated
and purified by GPC (toluene on JAIGEL). The deuteration ratio
was determined by 1H nmr and 2H nmr using bromoform and
1,1,2,2-tetrachloroetane-d2 as internal standards. In the case of the
reaction using molecular weight 800, the H–D exchange occurred
on each carbon of the molecule. In the rather higher molecular
weight samples in Table 3, the exchange efficiency decreased
drastically on the carbon chain, but gently on the benzene rings. A
tendency for the selective exchange on benzene rings was observed
in this PtO2 catalysed reaction.

The mass spectra of the deuterated polystyrene, obtained from
the polystyrene Mw 800, PtO2 catalyst, and D2O was measured by
MALDI-TOF (VoyagerJ Elite, dithranol/CF3CO2Ag). In Fig. 1,
the spectra of the starting material (a) and of the deuterated material
(b) are shown. While the peaks in Fig. 1 (a) were recorded every
104 m/z units, those in (b) were observed every 107 ~ 109 m/z units.
This means that 3 ~ 5 D-atoms are substituted with H-atoms in the

polystyrene, and is consonant with the result in Table 3. The
spectrum in Fig 1 (b) did not show the existence of non-deuterated
molecules. At least in this sample, the exchange occurred equally,
but we cannot conclude homogeneity in the higher molecular
weight samples at this moment.

Our developed hydrothermal deuteration with the assistance of a
transition metal catalyst is easily applied to any substrate, as far as
it is tolerant in 250 °C water. Although we have not examined
mechanistic studies, we assume that the reaction proceeds via a
platinum deuteride intermediate. The further application to various
polymer deuteration is now underway.
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Fig. 1 MALDI-TOF mass spectra of polystyrene (Mw 800)/dithranol/
CF3CO2Ag. (a) Before deuteration. (b) After deuteration.
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