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The hydrogenation of methylacetylene on MoS2 proceeds through
n-propenyl intermediate, C=C/C, however, the hydrogenation of allene
occurs through o-allyl intermediate, /C=C. These two intermediates
are in marked contrast with the intermediates for the hydrogenation
of butadiene and olefins taking place via iso-butenyl and iso-alkyl

intermediates on the MoS2 catalyst.

In the deuteration of methylacetylene and allene over the MoS2 catalyst, the
molecular identity of the deuterium is strictly maintained to give the dz—propene
in a similar manner as the deuteration of butadiene gives dz-l-butene.z)
The geometrical isomers of the deuterated propene formed by the deuteration of
methylacetylene and allene at room temperature are listed in Table 1.

It is known that the deuteration of methylacetylene gives predominantly E-1,
2-d2-propene (90 %), whilst the most abundant dz-propene in the deuteration of
allene is Z,S-dz-propene (87 %). This result indicates the cis-stereoselective
hydrogen addition over the MoS2 catalyst, and also shows the direct addition of
deuterium to allene accompanying little isomerization to methylacetylene.
Provided that the hydrogenations occur via the half-hydrogenated intermediates,
the conceivable intermediates for the hydrogenation of methylacetylene might be
n-propenyl and/or iso-propenyl. In contrast with these, o-allyl and/or iso-
propenyl can be anticipated for the hydrogenation of allene.

Accordingly, it is interesting to confirm the preferential intermediate. for these
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two reactions giving the same product propene. For this purpose, the hydrogen-
ation of methylacetylene and allene with HD has been performed, where the orient-
ation in the HD addition will inform us the intermediate of the hydrogenation

reaction.s)

That is, the reaction of methylacetylene with HD will give l-dl and
Z-dl-propene and that of allene with HD will give 2-d1 and 3-d1-propene, respect-
ively. Providing that the hydrogenation proceeds by the stepwise addition of H
or D, conceivable reaction mechanisms are described as follows;

x = [H] [D]
C~

7 AE:C/X —  2-4; 1-d;
\

c=C-C + HD

C~c=c — > 1-d 2-d,

X ;%" 1

C=C=C + HD

In conformity with the slow hydrogen exchange between D2 and methylacetylene or
allene, the slow step of the hydrogenation reaction mzy be the first step of
hydrogen atom addition forming corresponding half-hydrogenated intermediates as
has been confirmed in the hydrogenation of butadiene on the MoS2 catalyst.s)
According to the above reaction schemes, the geometrical isomers of the dl-propene
should be decided by the first step, because the HD addition maintains its
molecular identity to give the dl-propene selectively.

Accordingly, if the reaction would proceed via the iso-propenyl intermediate, the
2-d1—propene prevails over the 1-d1-propene or the 3~d1-propene by the isotope
effect in the. intermediate formation.

On the contrary, if the intermediates are the n-propenyl or the o-allyl species,
l-dl-propene > Z-dl-propene for methylacetylene and 3-d1~propene > Z-dl-propene
for allene are expected. As the reaction with HD proceeds, H2 and D2 are formed

by the equilibrium reaction, which results in the formation of do-propene and
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Table 1. Geometrical Isomers formed in the Reaction of Allene

and Methylacetylene with HD or D2 at room temperature.

reaction conv. deuterium distribution| structural distribution | isotope effect
(%) in propene (%). of deuterium (%).
b 4 4y 45 d;
C=C-C + D2 2.0 E-1,2 z2-1,2 1,1-
- 3.7 92.7 3.6 90.0 10.0 -
d1 EQ** 1-d,
C=C-C + HD| 2.3 2- E-1 Z-1 d2 Z-d1
21.8 62.7 15.5 - 42.9 50.0 6.9 1.28 1.33
d,
C=C=C + D, | 5.0 2,3- E-1,2 z-1,2
- 2.4 89.7 9.7 87.0 11.6 1.4
*% -
d1 do 3 dl
R 0 _
C=C=C + HD | 5.8 3- 2- 1- d2 Z-d1
23.7 52.9 22.4 - 52.4 45.0 2.6 1.16 1.16

* The simultaneously occuring isomerization gave 2.2 % of methylacetylene being
composed by 84.1 % of do- and 15.9 % of dl-species.

*% Corrected value.

dz-propene. The isotope effect for the reaction with H2 and D2 was estimated by
correcting the value of do-propene/dz-propene with the ratio of HZ/DZ because the
reaction is the first order in hydrogen pressure. As shown in Table 1, the
reaction of methylacetylene with HD gives l-dl- and 2-d1-propene in the ratio of
1.33. In the hydrogenation of allene, methylacetylene was formed by the iso-
merization reaction, then, the participation of the methylacetylene in the
hydrogenation of allene was estimated by using this characteristic ratio for
methylacetylene. By making the correction of methylacetylene contribution, the
ratio of 3-d1-/2-d1-propene for the allene hydrogenation became 1.16.

It should be mentioned that the over-all isotope effect for the reactions with H2
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and D, are in fair agreement with the ratio of the geometrical isomers formed by

2
the reaction with HD for allene as well as for methylacetylene.

If the hydrogenation would proceed through the two intermediates in comparable
weight, the over-all isotope effect dO/dz-propene should be larger than the ratio
of l-dl-/Z-dl-propene or 3-d1-/2-d1-propene.

Accordingly, the hydrogenation of methylacetylene and allene should occur via one
predominant intermediate, the n-propenyl for methylacetylene and the o-allyl for
allene. Furthermore, the fact that the ratio of 1-d1-/2-d1-propene for the
methylacetylene is different from that of S-dl-/Z-dl-propene for allene may
suggest distinctive intermediates for the two reactions, that is, the iso-propenyl
intermediate being common to the both reactions might be ruled out.

This finding is in contrast to the hydrogenation of butadiene and/or a-olefins on
the MoS2 catalyst in which the iso-butenyl and the iso-alkyl intermediates are
prevailing.4)
Such differences of the intermediates are explainable by the steric hindrance of
the intermediates, that is, the iso-propenyl species might have larger steric
strain than the n-form intermediates such as n-propenyl and o-allyl species because

the carbon atom held to the active site are bound with a methyl and a double

bonded methylene.
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