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Synthesis of Planar Chiral Ferrocenes via Transition-Metal-Catalyzed
Direct C—H Bond Functionalization
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Diastereoselective and seminal enantioselective
synthesis of planar chiral ferrocenes

Diastereoselective Cross-Coupling Reaction by Using Chiral Oxazoline as Directing Group
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Rh(III)-Catalyzed Diastereoselective C—H Bond
Amidation of Chiral Oxazolyl Ferrocene with Isocyanates
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Cu-Catalyzed Enantioselective Insertion of
Carbenoid into C—H Bond of Ferrocene
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Enantioselective synthesis of planar chiral ferrocenes via
Pd(Il)-catalyzed direct C—H bond functionalization

Pd-Catalyzed Asymmetric C—H Bond Arylation of Ferrocenes with Arylboronic Acids
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Plausible catalytic cycle of Pd-catalyzed asymmetric C—H bond arylation.



Pd(ll)-Catalyzed Oxidative Heck and Annulation Reactions

A. Oxidative Heck reaction
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Shi, Y.-C.; Yang, R.-F.; Gao, D.-W.; You, S.-L. J. Org. Chem. 2013, 9, 1891-1896.



C. Application of planar chiral ferrocene bearing substituted naphthalene (11)
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Enantioselective oxidative C-H/C-H cross-coupling reaction of ferrocenes with heteroarenes
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Figure 2. Plausible catalytic cycle of Pd-catalyzed asymmetric twofold
C—H bond reaction.
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Transformations of 15a and Asymmetric Diethylzinc Addition Reaction
A. DoM and quenched with electrophiles
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B. The application of 16a in asymmeiric reaction of aldehyde with diethylzinc
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Scheme 9. Catalytic Enantioselective C—H Acylation of
Ferrocene Derivatives
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Figure 3. Proposed reaction mechanism of catalytic enantioselective
C—H acylation.

Pi, C.; Cui, X.; Liu, X.; Guo, M.; Zhang, H.; Wu, Y. Org. Lett. 2014, 16, 5164-5167. 14



Enantioselective synthesis of planar chiral ferrocenes via
Pd(0)-catalyzed direct C—H bond functionalization

Pd(0)-Catalyzed Enantioselective Intramolecular C—H Arylation
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(a) Synthesis of planar chiral P,N-ligand 23
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(b) Synthesis of planar chiral diol 24 and application in asymmetric hetero-Diels-Alder reaction

Ar
@c@ ! <>
E g Ar-M P &
Ar
ani-19i 24

Ar = 1-naphthyl

= CHO (1) 24 (20 mol %)
\q toluene, -7B°C, 40 h
T + 0
GG (2} AcCl, CH;Cls-toluene ji\‘
.-'N“-‘

-78 °C, 30 min

TBSO

29% yield, 92% ee 16



Enantioselective Intramolecualr C—H Arylation
of N-(2-Haloaryl)ferrocenecarboxamides
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A. Substrate scope of enantioselective synthesis of planar chiral ferrocenylpyridines
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B. Large-scale reaction at a low catalyst loading
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Enantioselective synthesis of planar chiral ferrocenes via
Ir- or Rh-catalyzed direct C—H bond functionalization

Ir-Catalyzed Enantioselective C—H Alkylation
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Rh(III)-Catalyzed Asymmetric Annulation Reaction
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Rh-Catalyzed Intramolecular Asymmetric C—H Silylation
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Enantioselective synthesis of planar chiral ferrocenes via
Au/Pt-catalyzed direct C—H bond functionalization

Enantioselective Synthesis of Planar Chiral
Ferrocenes via Au/Pt-Catalyzed Cycloisomerization
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Shibata, T.; Kanyiva, K. S. J. Org. Chem. 2016, 81, 6266-627. 22



Summary & Outlook

»diastereoselective and enantioselective synthesis of planar chiral ferrocenes
»asymmetric syntheses of planar chiral ferrocenes via different metal catalyst

»step- and atom-economies over over traditional approaches

carbon-heteroatom bonds (C-P, C-N, C-S, etc.) has not been explored
catalytic activities are not sufficiently high for practical applications

preinstallation of directing groups
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