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Specificity in the Homogeneous Metal-catalysed Isotopic Hydrogen
Exchange of Polycyclic Aromatic Hydrocarbons. Evidence for
Complex Formation Between Aromatic Hydrocarbons and
Transition Metals

By J. L. Gar~nerT* and R. J. HODGES
(Department of Physical Chemistry, The University of New South Wales, Kensington, Australia)

REeceNTLY we reported! that aromatic compounds indicate that complexes (presumably of a 7-com-

exchange homogeneously with isotopic water in the plex type) are readily formed between the poly-

presence of Pt and Pt'V salts. It is now found cyclic hydrocarbons and Pt". When compared

that useful specificity of isotope is obtained with with heterogeneous exchange on platinum,23 the

the polycyclic aromatic hydrocarbons under these most active of the pre-reduced Group VIII transi-

conditions. The results (Tables 1 and 2) also tion metals, the present homogeneous procedure is
TABLE 1

Initial vates of homogeneous metal-catalysed exchange of polycyclic avomatics at low temperatured

Reaction
Weight time Distribution

Compound (g.) (min.) % DP D, D, D, D, D, s Dy D, Dy
Benzene .. .. 0088 135 7-81 87-8 1-656 1-65 1-85 2:05 240 270
Biphenyl .. .. 0100 135 498 830 30 40 55 17 13 L5
Bibenzyl .. .. 0-100 135 310 83-5 3-8 46 55 1-1 0-7 0-5 0:30 0-1
o-Terphenyl .. 0-100 135 4-47 80-4 39 45 39 2-4 1-8 1-4 01 0-4
m-Terphenyl .. - 0100 135 3-87 80-4 46 45 6-0 2-2 11 0-8 0-5
Naphthalene .. 0-100 135 3-62 753 204 33 0-6 0-06
Phenanthrene .. 0100 50 2-00 80-7 162 14 025
Benzene .. .. 0-088 40 2-83 95-5 0-59 062 071 074 083 0-98
Pyrene .. .. 0050 40 1-57 854 137 10

8 Reaction conditions involved Na,PtCl, (0:02 M) in CH;-CO,D (66-7 mole % in D,0) at 75° (note no HCl used);
2-5 ml. portions for each run.
b Calculated from the observed distribution for all hydrogens in the molecule.

TABLE 2

Homogeneous metal-catalysed exchange of polycyclic aromatics at 100°8

% D
Weight (theoret-) Experimental distribution

Compound (g.) % De ical) D, D, D, D, D, D, s D, Dy D,
Benzene .. .. 033 45-2 755 22-2 104 122 147 173 155 75
Biphenyl .. 0110 41-0 91-5 33 44 85 166 200 254 219
Biphenylmethane 0-135 32-3 88-7 49 5-1 9-8 191 188 21-8 166 20 05 02
Bibenzyl .. 0130 27-5 88:5 58 107 11-5 13-4 165 184 165 46 23 04
trans-Stilbene .. 0-095 9-3 92-0 31-8 368 220 73 1.9 02
o-Terphenyl .. 0160 34-2 88-8 31 4-2 82 11-3 147 170 174 152 88 01
m-Terphenyl .. 0-110 34-7 92-3 1-2 2-5 61 11:0 165 21-2 247 170 00
p-Terphenyl® .. 0-065 3-33 95-4 88-6 11 1-2 15 2-0 24 3-1 0-0
Naphthalene .. 0-105 36-1 95-8 0-8 62 191 378 311 49 0-3
Pyrene .. .. 0100 22-5 93-8 86 103 426 277 8-4 2-1 0-4
Phenanthrene .. 0-105 339 93-3 0-1 19 132 366 419 54 1.0
Anthracene® .. 0035 29-25 97-8 385 0-9 1-7 56 179 223 122 27 03
Chrysene® .. 0-022 34 98-3 89-5 0-1 11 23 4-7 1-0 1-3

& Reaction conditions involved CHy-CO,D (67 mole % in D,0) containing HCl (0-02 M) and Na,PtCl, (0-02 M),
heated at 100° for 5 hr.; 2-4 ml. portions used in each run.

b Organic compounds not completely dissolved under experimental conditions.

¢ Calculated from the observed distribution for all hydrogens in the molecule.
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much faster and more efficient for the isotopic
hydrogen labelling of the above series.

A significant feature of the data (Tables 1 and 2)
is the remarkable orientation effects observed in
these compounds, with n.m.r. confirming the trends
indicated from the cut-offs in the low-voltage mass
spectra. Diphenyl and the terphenyls exchange
only in the sterically unhindered mefa- and para-
positions (Figure) even at 100°. As methylene

.
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groups are inserted between the phenyl groups
(biphenyl — dibenzyl), the degree of isotope
incorporation is progressively reduced. At 75°,
naphthalene, anthracene, phenanthrene, and chry-
sene exchange almost exclusively in the B-positions.
As the temperature is increased, deuteriation
progressively increases so that ultimately at 130°,
complete exchange occurs in all positions. With
pyrene, initial deuteriation is observed selectively
in the 2 7-positions (species I) at 75° where
reactions were performed without HCl. At 100°
(Table 2), however, some HCI (0-02 M) is necessary,
as originally reported,! to prevent precipitation of
platinum.

The orientation of isotope in the condensed ring
aromatics, particularly naphthalene, indicates
that the concept of bond order is important in the
mechanism of the exchange at 75° and that,
initially, a -olefin type complex is probably
formed with platinum(ir). From extensive data,*
this step would appear to be followed by a 7o
conversion to give a Pt—C g-bonded intermediate.

In addition to the importance of the present
work in fundamental catalysis, the method is ideal
as a preparative tritium-labelling tool and is to be
preferred to both heterogeneous catalysis®? and
radiation-induced methods® for the tritiation of
compounds discussed in the attached Tables.
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