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LETTERS TO THE EDITORS

Comments on Proposed Carbene Intermediacy in Hydrocarbon
Formation from Methanol over Zeolite Catalysts

In a recent note (/) Chang and Chu pre-
sented interesting results on the formation
of hydrocarbons from methanol. Their first
observation was that addition of propane to
the methanol feed causes a significant low-
ering of the iso-to-normal ratio of the prod-
uct butanes. Repetition of the experiment
using “C-enriched methanol resulted in
about the same decrease of the i/n-C4° ratio,
but now also the 13C distributions for the
butanes could be measured. After some re-
calculations their results can be presented
as shown in Table 1.

According to the authors two conclu-
sions can be deduced from these results: (i)
the varying i/n ratios with changing 3C sub-
stitutions eliminates skeletal isomerization
as the principal cause for the observed
changes; (ii) the marked deviation from ran-
dom distribution in each isomer proves that
a reaction of propane has taken place.

It is easy to agree with these conclusions.
It is, however, difficult to take these results
as evidence of direct methylation of pro-
pane by methanol. The authors base this
conclusion on the observed low i/n ratio of
the singly labeled butanes, which according
to them can be explained by carbene inser-
tion into the C-H bonds of propane. How-
ever, as they point out themselves, it is not
possible to explain the formation of the
other butane members in the same way.
The origin of the doubly labeled butanes
which are present in even larger amounts
than the singly labeled compounds re-
mained a mystery for them.

The aim of this letter is to make a contri-
bution to the solution of this mystery. As
mentioned above, the reported experiments
indicate undoubtedly that propane takes
part in the reaction. However, the fact that

not only singly labeled but also doubly (and
zero and fourfold) labeled butanes are
formed indicates that not only complete
propane molecules are incorporated in the
products but also fragments; thus C-C scis-
sion of propane molecules has to occur!

In view of the observed stability of pure
propane under the experimental conditions
(1) this means that propane is transferred to
a reactive species in the presence of react-
ing methanol. As the main observed effect
is a dramatic change in the iso-to-normal
ratio of the product butanes the reaction of
propane most probably will be directly re-
lated to this butane formation. As generally
accepted, the butane formation proceeds
via the corresponding carbenium ions. So
n-butane will be formed by hydride transfer
to the secondary butyl cation and i-butane
by hydride transfer to the tertiary butyl cat-
ton. The required hydride ions can be ab-
stracted from alkanes which in turn are
transformed to carbenium ions.

When propane is present in large excess
the hydride ions will also be abstracted
from this alkane to form the propyl cation,
according to the reactions:

S€C-C4H9+ + C;Hg — n-butane + C3I‘I7+
AH = + 16 kJ/mol

tert-C4Hy" + C3Hg — i-butane + C3H;™
AH = + 82 kJ/mol

The indicated reaction enthalpies have
been calculated from the relative stabilities
of the distinct carbenium ions (2). As a
result of the much lower reaction enthalpy
the n-butane formation will be favored
above the i-butane formation which might
explain the observed change in the i/n ratio
of the butanes. Furthermore, in this way
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TABLE 1

BC Distribution in Butanes

BC, Theo- Experi-
reticale mental i - C® n—C® iln—C
(%) (%) (%) (%)

n=40 0.01 9 4.7 4.3 1.1
n=1 0.4 13 6.5 6.5 1.0
n=2 4.9 21 11 10 1.1
n= 29.2 30 19.7 10.3 1.9
n=4 65.6 27 19.7 7.3 2.7

¢ Expected random distribution from the methanol
feed (90% BC + 10% 12C). Calculated average C con-
tent is 2.53 13C atoms per molecule (63%).

the activation of propane can be under-
stood. Once the propyl cation is formed, it
will be inserted in the reaction network and
be incorporated in the reaction products.
One of the reaction products of the pro-
pyl cation will be propene, and indeed a
considerable increase of the propene for-
mation is observed (from 3.63 to 4.53%)
when propane is added to the methanol
feed. A second support for this model is the
observed BC content of the reaction prod-
ucts. In the C isotope-labeling experiment
1 mol *CH,0H (90% 13C) was diluted with
3 mol 2C;H;. Based on 100% conversion of
methanol and 5% conversion of propane (/)
the reaction products will contain 1.00 x
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0.90 = 0.90 mol '*C (62%) and 1.00 x 0.10
+ 0.05 X 3 x 3 = 0.55 mol 2C (38%).

If we assume that the 3C distribution of
the butanes is representative for all prod-
ucts (about 45 wt% of the products are bu-
tanes) we can see an excellent agreement
between this calculated *C content and the
observed average *C content of the bu-
tanes (Table 1).

Summarizing it can be said that the
claimed evidence for the existence of car-
benoid C, species is disputable and that the
reported results can be explained even bet-
ter by a model in which the added propane
molecules undergo hydride transfer to form
propyl cations.
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