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Cobalt as a Catalyst for Specific Isotopic Hydrogen Labelling in
Heterocyclic Compounds

By G. E. CarF and J. L. GARNETT
(Department of Physical Chemistry, University of New South Wales, Australia)

THE ability to label molecules in specific positions
with either deuterium or tritium in a one-step
process is useful for the study of reaction mech-
anisms and molecular structure. We have now
used cobalt for the first time as a heterogeneous
catalyst for the exchange of organic hydrogen
with deuterium oxide and studied the selectivity of
this catalyst in the exchange of the a-positions in
heterocyclic compounds. The results should also
be of significance in fundamental heterogeneous
catalysis where evidence is accumulating to show
that a relationship exists between the manner of
bond formation on catalyst surfaces and the
chemistry of inorganic co-ordination compounds

The data (Table) for the exchange reactions with
D,O and cobalt show exclusive a-specificity in
pyridine, 2- and 3- picolines (methylpyridines), 2,5-
lutidine (dimethylpyridine), and pyridazine. In
4-picoline and 2,4-lutidine, besides exchange in the
a-position, significant isotope incorporation has also
occurred in the 4-methyl group. The cut-off in the
low-voltage mass spectrum of the deuterated com-
pounds confirms this orientation obtained by
n.m.r. Quinoline and isoquinoline are less reactive
with deuterium; however the method is still
suitable for specific a-labelling with tritium. It
will also be observed that the active catalyst is
prepared by sodium borohydride reduction of an
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TABLE
Exchange® of hetevocycles with D,O on cobalt

Isotope orientationd Isotope distribution®

Compound Catalystb Atom %D¢  (a) (B) (y) Methyl d, d; d, dy dy dy
CoCl, 22-3 1-09 0-04 0-00 20-2 485 31-2 01
NiCl, 20-1 0-78 0-25 0-02 327 399 22:0 49 05
Pyridine RuCly 25-5 1-13 0-03 0-12 19-3 42-0 31-5 63 08 01
RhCl, 32-8 0-86 0-46 0-32 151 31-7 322 163 43 0-4
K,PdCl, 35-5 0-75 0-69 0-33 14-5 32-2 354 206 65 08
(NH,),IrClg 27 89-4 85 18 02 01
H,PtCl, 27-4 1-06 0-17 0-14 17-8 39-8 317 89 16 02
2-Picoline CoCl, 10-6 0-79 0-01 0-00 005 40-1 470 11-7 11 01
3-Picoline CoCl, 14-4 0-97 0-00 0-:02 003 25-8 484 251 05 02
4-Picoline CoCl, 17-7 1-07 0-03 0-21 21-2 42-5 297 59 05 01
2,4-Lutidine CoCl, 8-8 0-56 0-04 0-14(4)! 37-8 475 12:7 18 0-2
2,5-Lutidine CoCl, 57 0-47 0-02 002  0-00 53-2 433 30 04 01
2,6-Lutidine CoCl, | 1-3 89-3 101 05 01
Pt0,,2H,0 17-8 0-71 046  0-43(2,6)f 32-8 22-3 199 13-7 52 29
Pyridazine CoCl, 7-2 0-29 0-00 73-9 237 22 02
Quinoline CoCl, 26 832 155 1.2 01
Isoquinoline CoCl, 3-9 02-7(1)t  0-13(3)f 0-00(4,5,6,7,8) 756 21-6 27 01

& All reactions performed at 130° for 48 hr. without shaking

b Catalyst prepared by NaBH, reduction; Co,0; gave 1-8 atom 9,D with pyridine

¢ Statistical equilibrium; pyridine and quinolines (50-0); picolines (41-7); lutidines (35-7); pyridazine (71-4).
4 Average number of deuterium atoms in positions shown (from n.m.r.)

¢ I'rom low-voltage mass spectrometry

t Position of substituent (H or CH,)

involves only the nitrogen lone-pair and the
molecule is initially adsorbed in a vertical position

o 9

; Pt Pt
Co (I1)

aqueous solution of cobalt chloride; Co,0, even
after reduction with hydrogen or borohydride,
being relatively inactive.

The present technique is simple and applicable
to both deuterium and tritium. Mechanistically
the results are important since, with cobalt,
charge-transfer adsorption of pyridine presumably

on the surface (species I) whereas in crossing the
Periodic Table from nickel to platinum as catalysts
for the exchange (Table) there is an increasing
additional participation of the 7r-electrons of the
ring in the adsorption process so that the molecule
is nmow tilted (species I1I). Thus, with these other
catalysts, the 8- and y-positions are now favourably
placed for g-bond formation on the catalyst surface
and hence undergo exchange presumably by the
dissociative 7r-complex mechanism already sug-
gested.1,?
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