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Mechanism of Methanol Carbonylation Catalyzed by Chelated
Carbonyl Rhodium Complex

Zhang, Shufeng*®  Qian, Qingli®  Guo, Cunyue®  Yuan, Guoging*®
(*College of Chemistry and Life Science, Tianjin Normal University, Tianjin 300387)
(P Laboratory of New Materials, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080)

Abstract The mechanism of methanol carbonylation catalyzed by a chelated square planar carbonyl rho-
dium complex was studied. The chelated square planar cationic complex was formed via the coordination of
[Rh(CO).CI], with the ligand, which has two donors with different coordination capacity. Experimental re-
sults showed that the active species of the catalyst in methanol carbonylation differed from [Rh(CO),l,]
reported in other literature. Other than conventional concept, the N—Rh bond, formed by rhodium in the
complex and nitrogen at pyridine ring in the ligand, did not break in the course of the carbonylation reaction,
but formed into new active species instead, i.e., the ligand and rhodium as a whole participated in the oxida-
tive addition of CH3l and the formation of CH3;COI. Via the investigation of the corresponding catalyst with
polymer ligand, the mechanism was further demonstrated. The result is of significance towards the molecu-
lar design of such catalysts, and the solution to their deactivation due to precipitation in industrial application
aswell.
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Tablel Thebinding energy of the ligand and the complex
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Figure 1 Yield and conversion~time curves with 2-methyl
butyrate pyridine rhodium complex catalyzed methanol carbon-
ylation
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Figure2 Cycle of reaction process of methanol carbonylation catalyzed by chelated asymmetric cationic rhodium complex

F2 WAL EYIN 'HNMR IR %
Table2 'HNMR and IR dataof the ligand and complexes

FE b HNMR IR (o/cm™)
1 2 3 4 5 6 7 8
(iR 8.42 7.75 7.24 7.30 2.80 1.99 2.35 3.63 1733
[t/ 8.64 7.90 7.66 7.79 3.30 2.17 2.49 3.72 2076, 2008, 1718
EE 11 8.60 8.24 7.68 7.88 3.05 2.04 2.39 3.60 2084, 2012, 1732
[t 8.63 8.25 7.57 7.75 311 2.14 3.66 2080, 2040, 2008, 1732

[k //BNY, 8.75 8.58 7.95 7.99 3.16 2.16 3.66 2082, 2010, 1733, 1652
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Table3 Result of PVMRh-catalyzed methanol carbonylation
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