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Stepwise lodide-Free Methanol Carbonylation via Methyl Acetate Activation by ﬁ%ﬁﬁﬂ_’,-}%] 3@
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iodide-promoted

-
ABSTRACT: lodide is an essential promoter in the industrial production of acetic slow
acid via methanol carbonylation, but it also contributes to reactor corrosion and methylation
catalyst deactivation. Here we report that iridium pincer complexes mediate the
individual steps of methanol carbonylation to methyl acetate in the absence of ]
methyl iodide or iodide salts. lodide-free methylation is achieved under mild i S accofc“s
conditions by an aminophenylphosphinite pincer iridium(l) dinitrogen complex QD'"'N‘”_" '
through net C-O oxidative addition of methyl acetate to produce an isolable NEL ""2"—0

methyliridium(lll) acetate complex. Experimental and computational studies provide
evidence for methylation via initial C-H bond activation followed by acetate
migration, facilitated by amine hemilability. Subsequent CO insertion and reductive
elimination in methanol solution produced methyl acetate and acetic acid. The net
reaction is methanol carbonylation to acetic acid using methyl acetate as a promoter
alongside conversion of an iridium dinitrogen complex to an iridium carbonyl
complex. Kinetic studies of migratory insertion and reductive elimination reveal
essential roles of the solvent methanol and distinct features of acetate and iodide
anions that are relevant to the design of future catalysts for iodide-free
carbonylation.
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Table III. HF-BF,-Catalyzed Carbonylation of Methyl
Alcohol. Effect of Temperature®

e

yield (mol %)
temp (°C) Me;0 AcOMe AcOH other
101 12.8 75.7 11.5
222 23 86.1 301 1% C,-Cy; 0.4% C,

260 03 2.7 710 0.5% C,-Cy 2% C,
295 3.7 829 8% C,-Cy; 6% C,
2MeOH/BF; molar ratio = 2. Reaction time 8 h; pressure 150
atm.
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Table 1 Metal exchanged H;W ,POy catalysts supported on SiO,

Product yield (% )2
Catalyst® MecOH DME MeC(O)OMe
IrW,,POy0 8 52 40
RhW ;PO 17 49 34
HPdW,PO,4 0 92 8
HMnW ;PO 0 96 4
HCoW,,PO, S 9 3
HNiW ;PO 7 90 3
FeW,POy4 7 92 1

4 MeOH, DME, and MeC(O)OMe were the only products observed
with these catalysts during the 6 h reaction. # Idealized stoi-
chiometries based on eqn. (4). All reactions carried out at 225°C,
1 atm CO, GHSV = 900 h—1, MeOH LHSV = 0.15 h-1.
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Figure 1. (A) MeOAc activation by 1 via C—H activation. (B) Structural representation of 2. (C) *'P{'"H} NMR spectrum after reaction of 1 and
MeOAc at room temperature for 24 h. (D) Partial "H—"*C HSQC spectrum of 3 showing correlation of geminal protons with the carbon in an

acetoxymethyl (—CH,OAc) group.
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Figure 2. Calculated Gibbs free energies (kcal/mol) for reaction of 1 with MeOAc via C—H activation (blue, black, and green) and direct C—O
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Figure 3. (A) Synthesis of carbonyl species. (B) Structural representation of S-cis from X-ray diffraction analysis, with ellipsoids drawn at 50%

probability level. Hydrogen atoms are omitted for clarity.

Scheme 2. (A) Carbonylation of 4-cis in CD;0D; (B) Possible Routes for Formation of 6 and Acetyl Products
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Scheme 4. Generation of Acetyl via Cationic Species
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Figure 5. Kinetics of CO insertion and reductive elimination with (A) 5-cis, (B) 4-cis, and (C) [7][BAr",] in CD;OD/DCE (8:2) solution.
Consumption of sum of the methyl species (blue circles) and yields of the final carbonyl species (red squares) and the acetyl intermediate (green
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