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Table 1. Hydroformylation of 2-pentene-5,5,5-d,2 at different CO partial pressures
[Olefin (2 g); [Co(CO),], (0.3 g); mesitylene (20 ml); py, 100 at; temperature 100°C]

Pcolat) Reaction Carbonyl Pentane, Aldehydes Distribution
Time (hrs.) compounds yield, %¢©
yields, %¢ I II 111
5.5 2 76 22 70 25 5
100 4.5 85 4 75 19 6
400b 6 19 2 59 29 12

a 58% trans, 42% cis
b 0.9 g [Co(CO),]; were used
¢ Determined by g.l.c.

The reaction was carried out as previously described!
and gave the results reported in Table 1. As it is already
known, the percent of linear isomer increases with
increasing pcq from 5.5 to 100 at!, but remarkably at
400 at pg, it is smaller than at 100 at.

The deuterium content of the reaction products mixture
was determined by mass spectroscopy on the anilide
derived from n-hexanal, via n-hexanoic acid, and is
compared in Table 2 with that of the starting 2-pen-
tene.

Table 2. Deuterium content (% )2 in the n-hexanoanilide

Pco dy d, dy d, d, d; dg D.N.P
5.5 15 1.7 10.0 800 59 0.8 0.2 2.90

100 2.1 0.5 43 918 ~0 12 0.1 291

Initial

pent-2-ene 2.2 0.3 23 954 - - - 291

a Value uncertain to +2%
b D.N. = average number of deuterium atoms per molecule

The results show that at low partial pressure of CO,
relatively high intermolecular deuterium/hydrogen
transfer takes place, while at high CO partial pressure

Table 3. NMR-analysis of methyl n-hexanoate: mean number of
hydrogen atoms at each carbon atom?

P co (at) CH,— CH,— CH,— CH,— CH,—COOR
5.5. 191 163 166 140 140 -
100 1.04 191 200 153 153 -

Calculated for a

product resulting

from attack of CO

at position 1 of the

substrateP 0 2 2 2 2 -

Calculated random
distribution 218 145 145 145 145 -

2 Values uncertain to = 5%
b Only one isomerisation step

it is much lower. In no case was a decrease of total
deuterium content noticed, showing that practically no
exchange between deuterium of the substrate and
gaseous hydrogen takes place.

The methyl esters of the acids obtained from the alde-
hydes by an already described procedure? were sepa-
rated by g.l.c. and analysed by nmr [in the presence of
Eu (dpm);] to determine the average deuterium content
at each carbon atom of the 2-pentene backbone.

In Table 3 the results obtained for the esters derived
from deuterated n-hexanals are reported.

The spectrum of the products obtained at low partial
pressure of CO shows no resolved signals and the deu-
terium location approximates a random distribution.
On the contrary, for the product obtained at high par-
tial pressure of CO, the signals are well resolved. As the
intensity of the signal of the methyl group corresponds
to 1 proton, the amount of aldehyde formed by formyla-
tion at position 1 of the starting olefin is about twice as
large as the one arising from formylation at position
5*. The formylation rate at position 5 is higher than
that at each of the three positions 2,3 or 4. This confirms
that, probably for steric reasons, the catalytic complex
largely prefers the two terminal positions of the substra-
te. Assuming that the catalyst migration along the
substrate backbone occurs by an 1,2-hydrogen shift3,
the fact that, within the limits of errors, no deuterium
has been found at position 4 of the ester indicates that
the catalytic complex migrates along the substrate
backbone substantially only once before formylation
occurs. This is also confirmed by the rather low deu-
terium content found for the methylene group at posi-
tion 5. The percent of deuterium at position 2 in the
ester is also in line with this interpretation.

This work confirms that the identical isomeric composi-
tion of the reaction products formed at low p starting
with terminal or internal olefins depends on the fact
that, at low p, isomerisation of the olefin-catalyst com-
plex is much faster than hydroformylation.

* Similar results were briefly reported for the 1-butene-4,4,4-d; hydro-
formylation by M.Bianchi, U.Matteoli and F.Piacenti at a recent
meeting (International Symposium on Metals in Organic Chemistry,
Venice, 2 to 5 September, 1974).
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The different isomeric composition of the reaction pro-
ducts starting with 1-pentene and 2-pentene! at high
Pco (100 to 400 at) is in keeping with the competition
between formylation and olefin-catalyst complex iso-
merisation occurring, under high p,, at similar overall
rates.

As previously stated® the above mentioned differences
in!_hydroformylation at low and high p¢y are probably
connected to the existence of an equilibrium, influenced
by pco, between different catalytic complexes.

We are continuing our investigation in order to clarify
the structure of the catalytic complexes prevailing at
high and low p¢ respectively and the factors influen-
cing the rate of isomerisation of the catalyst-substrate
complex and hence the isomeric composition of the
hydroformylation products.
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