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Abstract - Hydrogen isotope studies have shown that heterogeneous 
catalytic transfer hydrogenolysis of C-O bonds in tetrazolyl 
ethers of phenols (1) in the liquid phase proceeds via direct 
transfer of hydrogen from an active hydrogen donor centre to the 
ether on the catalyst surface and not through transfer of hydrogen 
atoms from the catalyst surface. 

INTRODUCTION 
Heterogeneous gas- and liquid-phase catalytic reduction of substrates using 2,4-7 
molecular hydrogen has been studied widely and mechanisms are broadly understood. 
Similarly, many mechanisms of reduction entailed in the use of homogeneous (soluble) 
organometallic catalysts have been elucidated. 3 However, heterogeneous liquid- 
phase catalytic reduction using hydrogen donor molecules (transfer reduction) 
rather than molecular hydrogen is not nearly so well understood and, indeed, there 
are very few studies of mechanistic aspects. 637 There is a tendency to regard 
catalytic transfer hydrogenation as simply a slight extension from catalytic 
hydrogenation with molecular hydrogen whereby the hydrogen donor serves only to 
provide an alternative (in situ) source of hydrogen for the catalyst. This 
simplistic approach ignores the complex chemistry associated with binding of donor 
and substrate to the catalyst surface. There is sufficient evidence to suggest 
that the hydrogen donor should not be regarded as just an incidental source of 
hydrogen' but, rather, that the donor has a central role to play in mechanism. 
For example, selectivity and reactivity in transfer hydrcgenation is usually different 
from that observed in hydrogenation with 'molecular' hydrogen.8 If vigorous 
evolution of hydrogen gas is observed when the donor and catalyst are in contact, 
usually the system proves to be poor for reduction; conversely, where hydrogen 
evolution is not observed, the system may be excellent for hydrogenation. 

Hydrogen isotope studies have been used widely to investigate mechanisms 
of catalytic reduction by, for example, hydrogen/deuterium exchange, examinationof 
adsorption onto catalyst surfaces and the adsorbed state, and reaction pathways. 4 

In the present work, we have used hydrogen and deuterium isotopes to probe the 
mechanism of catalytic transfer hydrogenolysis of tetrazolyl ethers of phenols (1). 

Hydrogenolysis of phenolic C-O bonds has been 
shown to be an effective, rapid means for converting 
phenols into arenes, a reaction of value in organic 
synthesis (equation 1.)' In all these reactions, 
the phenol is converted first into an ether in which 
the group (R; equation 1) is strongly electron 
withdrawing and, for convenience, is often l-phenyl- 
tetrazolyl. With this ether group, it has been 
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(1) 

shown that phenolic C-O bond hydrogenolysis occurs 
in 10 - 15 min. when using a Pd/C catalyst and a 
benzene/ethanol/water/formic acid biphasic system. 9 

Because of the simplicity of this reaction (very few or no side-products) and 
the ease of Preparation of a wide variety of substituted 1-phenyltetrazolyl 
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acetone, 9:l) to determine the point of disappearance of the starting ether (21, 
with simultaneous formation of 1-phenyl-5-hydroxytetrazole and methyl benzoate 

(Rf : methyl benzoate 0.95; starting ether, 0.70; 1-phenyl-5-hydroxytetrazole, 
0.05). At the end of the reaction, the catalyst was filtered off and washed 
with hot diethyl ether. The filtrate and washings were extracted with cold 
aqueous NaOH to remove l-phenyl-5-hydroxytetrazole and then dried (MgS04) to give, 
on evaporation of solvent, methyl benzoate (3) in 92% yield. 

Mass spectrometry of methyl benzoate. Mass spectra of methyl benzoate from each 
of the various deuteriation experiments were measured by electron impact at 70~. 
Peak heights corresponding to the molecular ion at m/z 136, 137 were measured and 
the natural l3 C-isotope contribution from m/z 136 was subtracted from the peak 
height at m/z 137; the residual peak height at m/z 137 corresponded to mono- 
deuteriated methyl benzoate. From the peak height at m/z 136 and the residual 
at m/z 137, the percentage incorporation of deuterium was determined. On subtract- 
ing the 13C-isotope contribution due to m/z 137 from the peak height at m/z 138 
there was no residual peak height, thereby showing that no more than monodeuteriation 
had 
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occurred. 
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Collected Vol. II, 
This product is described as a 5-hydroxytetrazole to emphasise the hydro- 
genolytic C-O bond cleava e. 
exists in two tautomeric B 

Infrared evidence suggests that the compound 

OH absorption, 3300 - 
ornc3, 1-phenyl-5-hydroxytetrazole (strong broad 

2500 cm-l) and 1-phenyl-1,2,3,4-tetraaza-3-eni5-one 
(strong C=O absorption, 1730 cm-'). 


