Brief information about the project

Name of the project

AP09058656 «Development of scientific foundations of
metal complex hydroalkoxycarbonylation of Cs-Cio
olefins of oil refining»

Relevance

The problem of rational use of large-scale by-products of
oil refineries (OR) - C4-Cyo olefins of process gases - is
very relevant and has great practical significance.

The Project proposes the development of the scientific
basis for the synthesis of practically valuable esters of
carboxylic acids by carbonylation of C4-C1o olefins of OR
process gases with carbon monoxide and alcohols in the
presence of metal complex catalysts at low pressure of
carbon monoxide.

Purpose

To develop the scientific foundations of metal-complex
hydroalkoxycarbonylation of Cs-C1o olefins of petroleum
refining used for the synthesis of practically valuable esters
of carboxylic acids — biologically active drugs, scented
substances, solvents, etc.

Obijectives

Task I. Development of highly efficient catalytic systems
based on transition metal complexes  with
organophosphorus ligands and various stabilizers and
promoters have been developed for the reaction of
hydroalkoxycarbonylation of C4-C1o olefins under mild
conditions of the process (CO pressure not higher than 2,0
MPa, temperature is not higher than 100 °C).

Task Il. Determination of optimal parameters of the
hydroalkoxycarbonylation reaction of Cs-Cio olefins at
low carbon monoxide pressures (< 2.0 MPa) in the
presence of developed effective catalytic systems based on
transition metal complexes with organophosphorus ligands
and various stabilizers and promoters have been
determined. The kinetics and mechanism of the reaction
under study are investigated.

Task I11. Possibilities of reuse of metal-complex catalysts
for the reaction of hydroalkoxycarbonylation of olefins
and methods of their regeneration to reduce the cost of the
process.

Task IV. To develop standard laboratory and technological
regulations for the production of practically valuable
aromatic substances based on carboxylic acid esters from
olefins of oil refining process gases.

Expected and achieved results

Expected results:

- 2 articles will be published in international peer-reviewed
journals from the first three quartiles (Q1, Q2, Q3) of the
Web of Science database.

- 3 articles will be published in journals recommended by
the Committee for Quality Assurance in Education and
Science of the Ministry of Education and Science of the
Republic of Kazakhstan (CQASE ME RK)

- One textbook will be published in the publishing house
“Qazaq Universiteti”




- One document of protection will be received in the form
of a Patent of the Republic of Kazakhstan

Achieved results:

- For the first time, the comparative catalytic activity of a
number of Pd phosphine complexes and free ligands in
three-component reaction systems of
hydroethoxycarbonylation of octene-1 was carried out, and
optimal conditions (T=120°C, Pco=5.0 MPa, =5 hours) of
the process in the presence of the PdCl2(PPhs)2-PPhsz-AlCl3
system were determined, under which the yield of the
target products reached 88.5%.

- The catalytic activity of the three-component
PdCI2(PPhs).-PPh3-AlICI3 system containing AICI3 as a
promoter has been established in the
hydroethoxycarbonylation reaction of pentene-1. The
reaction proceeds with the formation of two isomeric
products of linear (ethyl ether of capronic acid (EECA))
and branched structure (ethyl ether of 2-methylvaleric acid
(EE-2-MVA)). Optimal reaction conditions were found
under which the yields of the target products (the sum of
isomeric esters of EECA and EE-2-MVA) reached
74.72%.

- The activity of various alcohols in the reaction of
hydroalkoxycarbonylation of hexene-1 in the presence of
two catalytic systems has been studied: 1. Pd(PPhs)s-PPhs-
TsOH (menthol, cyclohexanol, ethanol, propanol, iso-
propanol, butanol, isobutanol, benzyl alcohol) and 2.
PdCI2(PPh3),-PPhs-AlICls (ethanol, propanol-1, butanol-1,
isoamy| alcohol, isobutanol, pentanol-1, allyl and tretbutyl
alcohol). The optimal parameters of the process
(temperature, pressure and reaction duration) for the
reaction of hydropropoxycarbonylation and
hydrobutoxycarbonylation of hexene-1 have been
established at which the yields of the target products reach
91.78% and 91.55%, respectively.

- The activity of the PdCl>(PPhz)2-PPhz-AlIClI3 catalytic
system containing AlClIs as a promoter in the cyclohexene
hydroethoxycarbonylation reaction was investigated,
optimal parameters were determined:
[CeH10]:[C2HsOH]:[Pd]:[PPhs]:[AICIs] = 870:435:1:6:8,
Pco=2.5MPa, T=120 °C, T =6 h. With these parameters,
the yield of cyclohexanecarboxylic acid ethyl ether was
85.2%.

- The optimal parameters of the cyclopentene
hydroethoxycarbonylation  process by the three-
component PdCl2(PPhs),-PPhsz-AlCIz system have been
determined. At the molar ratio of the initial reagent
[CsHg]:[C2HsOH]=2:1, with a molar ratio of the
component of the catalytic system [Pd]:[PPhs]:[AICI3] in
aratio of 1:6:10 and at T=120 °C, Pco = 25 atm. and with
a reaction duration of T =6 hours,




ethylcyclopentanecarboxylate was synthesized with a
yield of 75.74%.

- The mechanism of the hydroethoxycarbonylation
reaction of cyclohexene in the presence of a three-
component PdClz(PPhs)2-PPhs-AICIs catalytic system is
proposed.

- Laboratory and technological regulations for the
production of cyclohexanecarboxylic acid ethyl ether by
the reaction of hydroethoxycarbonylation of cyclohexene
in the presence of PdCly(PPhs)2-PPhs-AlCl3 system have
been developed.
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