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Recent Progress in Research of Some Carbonylation Reactions

LIU Jianhua“, CHEN J ing, SUN Wei, XIA Chungu*
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Chinese Academy of Sciences, Lanzhou 730000, Gansu, China

Abstract: Carbonylation, the direct incorporation of carbonyl functionality into organic molecules, is one of the frontiers of green chemistry
and one of the important transformation pathways of utilization of C, resources. The recent research progress of oxidation carbonylation of
amines/f-amino alcohols, alkoxycarbonylation of epoxides, carbonylative Suzuki coupling, carbonylative Sonogashira, and double carbon-
ylation of aryl iodides has been presented, focusing on the carbonylation reactions studied by us in the past few years, with 81 references.
The development and application prospects for carbonylation have been also discussed.
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Scheme 1. Oxidation carbonylation of amines to ureas, carbamates, and
2-oxazolidinones.
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Table 1 Catalytic activity of different supported Pd catalysts for
oxidative cyclocarbonylation of f-aminoalcohol and 2-amino-
phenol (Reaction (3) in Scheme 1)

TOF (h™")
R, R,
I il 11

H H 990 3986 3288
H CH; 1000 2983 3250
CH; H 980 3006 3220
CH;CH, H 970 2506 3390
(CH;),CH H 960 2077 3120

2-NH,-C¢H,0H 1000 3333 3020

Reaction conditions: (I) Pd/C 0.01 mmol, I, 0.036 mmol, substrate:
catalyst = 1000:1, DME 8 ml, p(CO) = 1.0 MPa, p(O,) = 0.25 MPa,
100 °C, 1 h; (II) Pd(OAc), 0.008 mmol, substrate:catalyst 4150:1,
[bmim]I 600 mg, DME 6 ml, p(CO) = 1.0 MPa, p(O,) = 0.2 MPa, 100
°C, 1 h; (IlI) Pd(PPh;),Cl, 0.0028 mmol, substrate:catalyst 3570:1,
[bmim]I 1 ml, p(CO) = 5.0 MPa, p(0,) = 0.2 MPa, 110 °C, 1 h.

TOF: turnover frequency; DME: 1,2-Dimethoxyethane.
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Scheme 3. Possible reaction mechanism for oxidative carbonylation
of aniline to 1,3-diphenylurea catalyzed by Pd(OAc),/[bmim]I.
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Scheme 2. Synthesis of N-heterocyclic carbene-palladium complexes and their catalytic activity for oxidative carbonylation of aniline to

1,3-diphenylurea.



4 otk

¥k

Chin. J. Catal., 2010, 31: 1-11

£2 FTEEECRELEMEARELEHE.

e B B B T PN DB 1 ot A

Table 2 IPrCul-catalyzed oxidative carbonylation of amines to ureas, carbamates, and 2-oxazolidinones

No Substrate Product Yield (%) No Substrate Product Yield (%)
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Reaction conditions: 0.01 mmol of IPrCul, “*1 mmol amine, °1 mmol aminoalcohol,

°C,3h.
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Scheme 4. N-heterocyclic carbene-copper complex IPrCul.
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Scheme 5. Synthesis of 2-oxazolidinones from aminoalcohols catalyzed by salen-Co(II)/Nal and salen-Co(I1I).
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Scheme 6. Possible reaction mechanism of oxidative carbonylation

catalyzed by salen-Co complex.
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A: 4.0 MPa CO, 0.5 equiv. NaNO,, MeOH, 120 °C,10h
B: 2.0 MPa CO, 0.5 MPa NO,, MeOH, 120 °C, 10 h
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Scheme 7. Oxidative carbonylation reaction catalyzed by the

sulfur catalyst system.
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Scheme 8. Synthesis of pyridyl cobalt carbonyl ionic liquid in the wa-
ter-organic biphase system.
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Table 3 Alkoxycarbonylation of (S)-PO to 3-hydroxybutyrates

0 oH o
f E + cO + ROH catalyst
S OR’
N
Conversion Selectivity Yield of
No. Alcohol Product %
© cono rodue of (5)-PO (%) for ester (%) ester ) P
OH O
1 MeOH : o 96.8 94.1 91.1 77
OH O
2 EtOH : o~ 69.5 93.5 65.0 78
OH O
3 n-PrOH : o0~ 58.8 94.7 55.7 79
OH O
4 i-PrOH o J\ — — — 77
OH O
5 n-BuOH N 59.0 94.6 55.8 80
OH O
6 PhCH,O0H 72.3 93.5 67.6 —
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Scheme 9. Carbonylative Suzuki cross-coupling reaction.
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Table 4 Carbonylative Suzuki coupling of aryl iodide catalyzed
by [bmim]- PdI,(PPh;)
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NaBPh, FPd—1 0
Aryll + CcO + or __ PP Aryl—g—Q
PhB(OH),
Yield (%)
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PhB(OH), NaBPh,
i
1 Ph QC@ 87 96
0
2 4-Me-Ph Og 84 92
0
3 2-Me-Ph C}ﬂ@ 84 85
CH;0 Q0
4 4-MeO-Ph Z}g 85 97
CH;0. 0
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C
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Scheme 10. Carbonylative Sonogashira cross-coupling reaction.
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Scheme 11. Carbonylative Sonogashira cross-coupling of aryl iodides
catalyzed by Pd/C and Pd/Fe;O,.
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Scheme 12. Synthesis of a-keto-amide through double carbonylation.
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