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The rates of hydrogenolysis and isomerization of methyloxirane, cis- and trans-2,3-dimethylox-
irane and 2-methyloxetane were studied on a Pt/C catalyst, as functions of the hydrogen pressure
and the temperature. A new phenomenon was observed in the case of 2-methyloxetane: the change
in mechanism as the temperature was elevated led to a change in regioselectivity. There is no such
effect for methyloxirane, for which the dissociative mechanism is not competitive at high hydrogen
pressure. Likewise, the mechanisms of transformation of methyloxirane and the 2,3-dimethylox-
iranes are not the same. Methyloxirane probably participated in edgewise adsorption on the surface

of the catalyst, while cis-2,3-dimethyloxirane undergoes flat adsorption.

INTRODUCTION

During their reactions in the presence of
hydrogen, the oxacycloalkanes undergo hy-
drogenolysis and isomerization simulta-
neously. We earlier reported that primarily
the less sterically hindered bond is split on
a Pt catalyst (/) and that hydrogen is also
required for the occurrence of isomeriza-
tion (2, 3).

In the literature the term hydroisomeriza-
tion is defined to mean isomerization reac-
tions that proceed only in the presence of
hydrogen (4-6). Although the hydroisom-
erization of hydrocarbons has been inves-
tigated in detail (7-/3) and the results have
even been reviewed (/4-19), scarcely any
studies have been devoted to the mecha-
nism of the hydroisomerization of organic
compounds containing heteroatoms.

The experimental data (20, 21) indicate
that the partial pressure of hydrogen on Pt
influences the rates of hydrogenolysis and
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isomerization; further, secondary alcohols
are primarily formed by an associative
mechanism (22, 23), while the formation of
ketones involves a dissociative mechanism.
Accordingly, it may be presumed that a
change in the hydrogen pressure will act on
these two reactions in different ways, and
that a study of this effect may well provide
important data contributing to an under-
standing of the catalytic transformations of
oxacycloalkanes.

EXPERIMENTAL

Most of the investigations were per-
formed in a closed circulation reactor
(Fig. 1).

The volume of the reactor was 54 cm?,
and the total volume of the system was 175
cm’. The reactor was heated with an air
thermostat. The volume of the sampling
capillary was 0.05 cm?, and the total sam-
pling volume was 0.3 cm? Analysis was
performed with a gas chromatograph fitted
with a flame ionization detector. The mea-
surement conditions were as described pre-
viously (24).

The temperature-dependence of the re-
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Fi1G. 1. The circulation reactor (a, integrator; b, GC;
C, vacuum system).

gioselectivity was studied in a static micro-
reactor. Hydrogen was used as carrier gas,
and the hydrogen pressure in the micro-
reactor was 130 kPa. The setup and the
measurement conditions were as described
earlier (24, 25).

Hydrogen was prepared with a Matheson
8326 electrolysis apparatus. These instru-
ments produce ultrapure hydrogen by elec-
trolytically dissociating water and then
diffusing the hydrogen through a thin
palladium membrane. The 18.5% Pt/C cata-
lyst was prepared by the impregnation
method (26). The support (Carbon fibers,
Strem 06-0140) was impregnated with
H,PtCly (Reanal 0593, Budapest) solution;
after drying, reduction was carried out in a
stream of hydrogen at 573 K for 6 h. In the
pretreatment, the catalyst was heated in a
stream of hydrogen up to 573 K at a rate of
10 K min~!, kept at this temperature for 1 h,
and then cooled to the temperature of the
reaction during evacuation. The catalyst
was characterized by hydrogen chemisorp-
tion and hydrogen—oxygen titration. The
dispersion was 22%. Fresh catalyst was
taken for each measurement; the quantity
of catalyst was 5 x 1073 g.

The methyloxirane was a BDH product,
while the cis- and trans-dimethyloxiranes
were prepared as described previously
(25). 2-Methyloxetane was prepared as in
27).

The initial rate values were determined
from the constants of the function y = A(1
— e78%)_ where y = amount of product and x
= reaction time. Correction factors were
applied to convert the initial rates obtained
to units of mol m~2 min~'. The specific sur-
face area was calculated from the dispersity
on the basis of the surface atom density of
1.12 x 10 Pt atom cm™2,

RESULTS

The transformation of methyloxirane was
studied in a circulation reactor at 373 K.
Mainly 2-propanol and acetone were
formed, with a smaller amount of 1-pro-
panol (Fig. 2). The effect of the hydrogen
pressure on the reaction rate was examined
in the interval 0.65-48.7 kPa. At 373 K, the
formation rates of all three products in-
creased monotonically as the hydrogen
pressure was elevated in this interval (Fig.
3). At the same time, at 473 K it could be
observed that the rate of 1-propanol forma-
tion was maximum at a hydrogen pressure
of 15 kPa (Fig. 4).

We also studied the rate of transforma-
tion of 2-methyloxetane as a function of the

area
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FiG. 2. Transformation of methyloxirane over Pt on
carbon catalyst at 423 K (Poxirane = 2.0 KPa, py, = 2.1
kPa, catalyst = 5 x 1073 g).
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FiG. 3. Initial rates of appearance of products from
methyloxirane at 373 K over Pt on carbon catalyst at
different hydrogen pressures (poxicane = 2.0 kPa, cata-
lyst =5 x 1073 g).

partial pressure of hydrogen (Fig. 5). For all
three products, the formation rates gave a
maximum as a function of the hydrogen
pressure. For the two alcohols, the maxima
coincided; they appeared at a higher hydro-
gen pressure than in the case of the ketone.

The data in Figs. 4 and 5 and Table 1
reveal that in the case of 2-Me-oxetane at
473 K, in contrast with 2-Me-oxirane, the
regioselectivity was changed. The study of
cis- and trans-2,3-dimethyloxiranes as a
function of hydrogen pressure permitted
comparison of the behavior of the two
stereoisomeric compounds. For cis-2,3-di-
methyloxirane, the rate of ketone formation

ro(mol .m~2.min-! -105)
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F1G. 4. Initial rates of appearance of products from
methyloxirane at 473 K over Pt on carbon catalyst at
different hydrogen pressures (poyirane = 2.0 kPa, cata-
lyst =5 x 1073 g).
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F1G. 5. Initial rates of appearance of products from
2-methyloxetane at 473 K over Pt on carbon catalyst
(Poxetane = 2.0 kPa, catalyst = 5 x 1073 g).

displayed a maximum as a function of the
hydrogen pressure. In contrast, there was
no such maximum in the alcohol formation
rate (Fig. 6). The dependence on the hydro-
gen pressure was similar in character for
trans-2,3-dimethyloxirane, but the maxi-
mum for the ketone was less sharp (Fig. 7).

DISCUSSION

The study of the rate of methyloxirane
transformation as a function of hydrogen
partial pressure showed that at 373 K the
rate of l-propanol formation increases
monotonically as the hydrogen pressure is
raised, whereas at 473 K it passes through a
maximum.
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F1G. 6. Initial rates of appearance of products from
cis-2,3-dimethyloxirane at 373 K over Pt on carbon
catalyst (Poxirane = 1.4 kPa, catalyst = 5§ x 1073 g).
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F1G. 7. Initial rates of appearance of products from 7rans-2,3-dimethyloxirane at 373 K over Pt on
carbon catalyst ( poyirane = 1.4 kPa, catalyst = 5 x 1077 g).

It has been reported (28) that the maxi- while at 473 K it is dissociative. In the case
mum observed as a function of the hydro- of the associative mechanism, the regiose-
gen pressure occurs at an ever lower hydro-  lectivity is governed by the stereochemical
gen pressure, the more unsaturated the factors, and splitting of the less sterically
surface species. In the hydrogenolysis of hindered bond is favored. In contrast, at
oxiranes (22, 23), the simultaneous occur- higher temperatures a dissociative mecha-
rence of an associative and a dissociative nism occurs. In this case the transformation
mechanism is assumed. It appears obvious begins with splitting of a C—H bond, and
to ascribe the curve with the maximum to the higher reactivity of the secondary
the dissociative mechanism. This indicates C—H bond will be the factor determining
that at 373 K the mechanism is associative, the selectivity.

-H | -2Pt
Pt Pt

Me Me Me
2Pt +3H NS
— O ——» HO
O

However, the dissociative mechanism is above a hydrogen pressure of 20 kPa, the
competitive only at low hydrogen pressure; dissociative mechanism is suppressed and

TABLE 1

Initial Distribution of Products over Pt on Carbon Catalyst in a Static Microreactor System

Compound Temperature Initial distribution of products (mol%) b/a
(K)
Aldehyde (a) 1-Alcohol (a) Ketone (b) 2-Alcohotl (b)
Methyloxirane 373 0 13 3 84 6.7
473 0 11 3 86 8.0
2-Methyloxetane 373 0 13 1 86 6.7
473 0 75 5 20 0.33
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the associative mechanism predominates. formed in the microreactor.

This is the reason why 1-propanol is barely

Me Me Me
T7' +3H
———> O/Y — HO/\/
HO Me ~ ot -2pt
Pt

Pt

For 2-methyloxetane at 373 K, the less
sterically hindered bond is split. At 473 K,
the dissociative mechanism predominates.
In this case, the dissociative mechanism is
suppressed to a much lower extent by an

[ T Qo e o 2o

Studies of the transformations of the 2,3-
dimethyloxirane isomers demonstrates that
the rate of ethyl methyl ketone formation

increase in the hydrogen pressure than it
is in the case of methyloxirane; thus, at a
higher temperature the associative mecha-
nism is no longer competitive.

of surface hydrogen coverage is optimum
for ketone formation. Since this maximum
is not observed for methyloxirane, the

gives a maximum as a function of the hy-
drogen pressure. This maximum is particu-
larly sharp for the cis isomer. This maxi-
mum reveals that a relatively narrow range

mechanisms of transformation of methylox-
irane and the 2,3-dimethyloxiranes are not
completely identical.
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Our earlier investigations (25) indicated
that the 2,3-dimethyloxiranes adsorb flat on
a Pt catalyst. This type of adsorption allows
synchronous bond splitting. Since synchro-
nous bond splitting does not occur for
mthyloxirane, we concluded that it adsorbs
edgewise on the catalyst surface. In such a
case, the methyl group is the most distant
from the catalyst surface. Because of the
steric hindrance between the methyl group
and the catalyst surface only a primary car-
bon atom can adsorb on the surface in this
way.
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