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Abstract: Chiral compounds are ubiquitous in nature, and their importance is increasingly recognized. Therefore,
asymmetric synthesis, as one of the most effective methods for synthesizing chiral compounds, has become a major re-
search focus in synthetic chemistry. In recent years, transition metal-catalyzed asymmetric C—H bond functionaliza-
tion reactions have been developed rapidly. These reactions can start from the inert C—H bond in the molecule with-
out the need of pre-functionalization of the substrates, which provides a concise and efficient method for the construc-
tion of chiral molecules. This review mainly focuses on the asymmetric C—H bond functionalization reactions cata-
lyzed by palladium, rhodium, iridium and cobalt, and describes their catalytic modes briefly as well as the development

of the reactions. Fmally, the limitations of previous works and perspectives on this cutting-edge area are also described.
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Figure 1 Drug molecules containing chiral element
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Figure 2 Typical catalytic cycles in palladium-catalyzed C—H functionalization reactions
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Figure 3 Palladium(0)-catalyzed asymmetric intramolecular C(sp?)—H arylation reaction
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Figure 4 Palladium (0)-catalyzed asymmetric intramolecular C—H arylation reactions
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Figure 5 Palladium-catalyzed asymmetric C—H alkylation involving a mono-protected amino acid ligand
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Figure 6 Palladium-catalyzed asymmetric C—H functionalization involving a mono-protected amino acid ligand
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Figure 7 Synthesis of chiral benzofuranones by palladium-catalyzed C—H functionalization reaction
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Figure 8 Palladium-catalyzed transient-group directed C—H arylation reaction
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Figure 9 Typical catalytic cycles in rhodium-catalyzed C—H functionalization reactions
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Figure 12 Rhodium-catalyzed asymmetric C—H addition reaction with chiral acid
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Figure 13 Rhodium-catalyzed asymmetric intramolecular hydroarylation reaction
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Figure 14 Rhodium-catalyzed quinoline-directed arylation reaction
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Figure 15 Rhodium-catalyzed asymmetric C—H arylation reactions
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Figure 16 Typical catalytic cycles in iridium-catalyzed C—H functionalization reactions
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Figure 17 Iridium-catalyzed asymmetric hydroarylation of olefins
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Figure 18 Iridium-catalyzed phosphine oxygen-directed asymmetric amidation reaction
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Figure 19 Iridium-catalyzed asymmetric C—H borylation using chiral bidentate nitrogen ligand
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Figure 20 Iridium-catalyzed asymmetric C—H borylation using chiral bidentate boryl ligand
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Figure 21 Typical catalytic cycles in cobalt-catalyzed C—H functionalization reactions
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Figure 22 Cobalt-catalyzed asymmetric hydroacylation reaction
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Figure 23 Cobalt-catalyzed asymmetric C—H arylation reaction
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Figure 24 Chiral carboxylic acid-assisted cobalt-catalyzed asymmetric C—H alkylation reaction
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Figure 25 Chiral Cp*Co" -catalyzed asymmetric C—H annulation reaction

2022 4F , OB IR B A K B T —Fh Co' / F 1K
A7y 5 W e Wbk ( Salox) P 7] 4 £k 114 480 Ak S X6 Ak e & e

WAL R R A AR 1 A X B il SR RE AR IR T
HRHEMS o AEE LUREAN 2 14 9 SR (Co" DAy 1l



Ak A2 T A

e I R R A AN R R i

i A1k 52 07 111

AT, 5 T 6 LB 7K A% FE WE e Bk ( SaloxO £ S T4
P A, 3 o 4R A S AR I i B Co 1 1k ) O
B I, LAIE 53 10 77 38 0 % il i B R 45 T — R )
B TR S o BR 2 X BRAL B 2 A, A 2 A 5

2022, Shi

T X W RS Y rac-4-16 (A 3l 71 24 37 45 (& 26D,
B, SN B AL R R S A L T — R A 2
s F kR R L A F A

Me
: |
' SN A standard conditions
] H +
' Ph S 205.8

Kinetic resolution

Y, WO M HE Bl 1 SR K
Co(0Ac), * 4H,0 (10 mol%)
L18 (15 mol%) /,
Mn(OAc), * 4H,0 (1 equiv) \
NaOPiv, tBuOH, 50 C, 48 h
45

45-99% yields, 90->99% ee

" \ ,Q W P\ -Q
@[ _

R)-4-16, 46%, 99% ee 4-17, 46%, 95% ee

beccccccne-

B 26 Co'/Salox ik B R 3t Frfk S I L & BE

Figure 26 Co"/Salox-catalyzed asymmetric C—H annulation reaction
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