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Figure 1 Concept and design of chiral Cp ligands (color online).
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Figure 2 Selected early examples of chiral cyclopentadienes (color online).
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Figure 3 The synthesis of [RhCp*biotinCl,], and D-mannitol-derived cyclopentadienes (color online).
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Figure 5 Synthesis of BINOL-derived trisubstituted chiral cyclopentadienes (color online).
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Figure 6 Synthesis of BINOL-derived pentasubstituted chiral cyclopentadienes (color online).
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Figure 7 Synthesis of chiral SCp ligands (color online).
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Figure 9 Synthesis of diaryl-cyclopentane-fused chiral cyclopentadienes (color online).
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Figure 10 Synthesis of atropochiral biaryl chiral cyclopentadienes (color online).

2-57 (E11).

202045, VEB AL PR TR T T R e 2,
TR T — RFVH RN R ISR, 2R IR A RO
TR, S NTFI R R H AT R, B
TR LN TS IR N, 153136
TIRECARIR A 2-62F12-63. 38 i A 16 A 15 BB s N A
PR Aoy CBEE L, St Pl It . R

HUAR S BT 5] N a2k (n A . RN E), MM
SEIR R QR A BE B, B4 sl R
ARG T R B TN R e i 2-66 (1A
12, path a). H—J7 1, I NFHEGHIEE AT gk
AT E R HL (I R R L. S RS, BESE
BT VRSB A N s R T B S IR IR OB, 5
NI . B e i B HERD AT SRS AR B 13

365



LZF - R N3 A 1 W O Al ] LW /o= 5 i b

| OMe
0 Y v o2z, T
CO,'Pr 2 steps OH Cs,C0;, MeOH OH H, (80 bar)
ol il e,
OO COz'Pr Ref.[10] O O oH 80 °C O O oy RY/C, EtOH
[ OMe

2-52 2-53 2-54
80% yield
OMe OMe OMe
OH PBr 1) CpNa, NaH, 15-crown-5
- . THF, -78 °C
on THF.O THR0°C 2) 1,2-Cly-CgHa, 250 °C
microwave
OMe OMe OMe
2-55 2-56 2-57
97% yield 95% vyield 63% yield

B 11 Hg-J 288 ST AR TR R A IE AR O 5 1 (X 25 FEORZ 1)

Figure 11 Synthesis of Hg-binaphthyl chiral cyclopentadienes (color online).
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Figure 13 Synthesis of chiral bridged-ring-containing cyclopentadienes (color online).
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Figure 14 Synthesis of chiral BOCp ligands (color online).
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Figure 15 Synthesis of planar chiral CpXRhIII complexes (color online).
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Figure 16 Synthesis of planar chiral CpXRhm complexes (color online).
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Figure 17 Synthesis of chiral Cp metal complexes (color online).
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Figure 19 CpRh-catalysed synthesis of isoindolinone and atropisomer privileged scatfolds (color online).
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Advances in the synthesis of chiral cyclopentadienyl ligands and metal
complexes
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Abstract: Cyclopentadienyl (Cp) metal complexes have been widely used as efficient catalysts in homogeneous
catalysis. The emergence of novel chiral cyclopentadienyl ligands has accelerated the development of transition-metal-
catalyzed asymmetric reactions. Since 2012, various chiral Cp ligands and their transition-metal complexes have been
synthesized and used in a diverse array of reactions. In this review, we summarize the design and syntheses of chiral
cyclopentadienyl ligands and their metal complexes, and briefly describe their applications in asymmetric C—H
functionalization reactions. In addition, the opportunities and challenges on the synthesis and application of
cyclopentadienyl ligands in asymmetric catalysis are discussed.
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