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Study on the Effect of Co-reductant Aldehydes on Epoxidation of
Propylene Catalyzed by Metalloporphyrins
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Abstract On the basis of density functional theory, theoretical calculation is conducted to obtain the free energy barriers of
the reaction path, which may exist in the process of propylene epoxidation with co-reductant acrolein, propanal, crotonalde-
hyde, N-butyl aldehyde and isobutyl aldehyde respectively. And the optimal reaction path was determined to be free radical
addition of peroxy acyl and propylene through analysis and comparison. In addition, the conclusion that auto-oxidation process
of aldehydes and the decarboxylation in the reaction process have a certain influence on the epoxidation reaction can be con-
ducted, and the results are in good consistent with the experimental data. It has a certain guiding effect on the choosing of
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co-reducing aldehydes.
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Figure 2 Reaction profile of hydrogen transfer process between
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Table 1 Atomic charges of the reaction site of aldehyde, ester,
peroxyacyl and peroxyacid

Aldehyde Ester Peroxyacyl Peroxyacid

Ay @ ©@ )
Acrolein 0.156e —0.419¢ —0.108¢ —0.447¢
Crotonaldehyde 0.151e —0.430¢ —0.116e —0.451e
N-Butyl aldehyde  0.149¢ —0.428¢ —0.109¢  —0.454e
Isobutyl aldehyde 0.153¢ —0.417¢ —0.109¢  —0.455¢
Propanal 0.149¢ —0.427¢ —0.108e  —0.453¢
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Figure 3 Reaction profile of PO generation path through free
radical addition reaction between peroxyacyl radicals and C(1) of
propylene
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Figure 4 Reaction profile of PO generation path through free
radical addition reaction between peroxyacyl radical and C(2) of
propylene
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F2 HIEFEFNEEEL
Table 2 Study on the activity of Co-reductant
Entry Aldehyde Yield/% Conversion/% Selectivity/%

) 30.0 68.0 37.2
b Acrolein _c — —
’ 17.9 88.1 36.7
o Crotonaldehyde 1.8 86.4 39.6
3 Propanal 146 ol 0
5 Prop 175 97.7 70.9
4 12.8 >99.0 71.0
4t N-Butyl aldehyde 14.4 >099.0 72.7
5 10.7 >99.0 42.2
5 Isobutyl aldehyde 12.3 >99( 43.8

“ Reaction conditions: propylene (10 L), bubbling rate (0.1 L/min), molar ratio

of aldehyde/propylene is 1 : 1, 100 C, ethyl acetate (200 mL), stirring speed
(500 r/min), Fe(p-CH3)TPPCl (1.6X10 ~ ° mol/L), 1 h. ® Without
Fe(p-CH;3)TPPCI. ¢ No reaction
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