Kinetics and Selectivity in Hydroformylation of Propene
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Homogenously catalysed hydroformylation, used in industrial synthesis of aldehydes from alkenes and
syngas (hydrogen and carbon monoxide), is one of the most extensively studied reaction both experimentally and
theoretically [1-2]. One of the crucial aspects of the reaction is the selectivity of the catalyst towards the desired
product. In this studies we employ the computational approach in order to investigate the kinetics and selectivity
of unmodified cobalt-catalysed propene hydroformylation. In this chemical process a propene substrate reacts at
a high temperature with hydrogen and carbon monoxide producing two aldehyde isomers: linear n-butyraldehyde
and branched iso-butyraldehyde. The product ratio depends on the reaction conditions (temperature, initial catalyst
and propene concentrations and pressure of gases). Density functional theory and explicitly correlated coupled-
cluster methods are used to accurately compute potential energy surfaces of the catalysis leading to both products.
Coupling the computationally resolved mechanism with kinetic modelling gives an important insight into the
detailed mechanism of the investigated reaction. The proper designation of symmetry numbers [3] is essential in
order to reproduce the experimental selectivity [4-5].

(a) (b)

co
OC\

ocy, CO--/.Y
oc” | H
co
co
1/2 OC»

nTS
ocC,,
co=co
2, Co v
< CO nco °°' -\_,/oc' oc ‘ *
oc \ co oc oc,'
oc
’/z"’ N \ 5\ ﬁ\( ’ ’
il\f c 0Cs, . 73 & oc, co J
oc, ¥ Co— i Go~
o clo—coé OC'—Co—CO oc! 0Cy. . A3 o oc

‘\\ 0.,

oc'
Hz
)\f isoTS
oc, ocu. . M
oc' | o / OC' i L p
oc" l
OC/
oc'Co‘—i J
co
oc, |
oc'l o ﬁ’J/ / 9
ocy, 9
oc'

Figure 1 (a) Catalytic cycle of propene hydroformylation reaction indicating elementary steps and pathways leading to two distinct
products. The red cycle leads to formation of linear n-butyraldehyde, while a blue cycle to branched iso-butyraldehyde. b) The pathway
separates at bifurcation step and depends on the orientation of propene while it is inserted into Co-H bond
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