
Catalytic C-H Bond Functionalization with Palladium(II)

-- Latest development in the synthesis of functionalized indoles
and benzofurans/dihydrobenzofurans

-- Ferreira, E. M.; Stoltz, B. M. J. Am. Chem. Soc. 2003,125, 9578
-- Zhang, H, Ferreira, E. M.; Stoltz, B. M. Angew. Chem. Int. Ed. 2004, 43, 6144



Introduction 

Overall process involves two functionalization events:
-- Halogenation of aryl/vinyl procusor
-- Palladium(0) catalyzed C-C bond fomation.

Oxidative coupling of unfunctionalized arene directly with alkene
avoid prehalogenation.

Zhang, H, Ferreira, E. M.; Stoltz, B. M. Angew. Chem. Int. Ed. 2004, 43, 6144



Introduction – Fujiwara-Moritani Oxidative Heck Reaction

Early Report:  Fujiwara, Moritani, et al. TL, 1967, 1119; JACS, 1969, 91, 7166.
Latest Review: Fujiwara et al. Acc. Chem. Res. 2001, 34, 633



Introduction – Fujiwara-Moritani Oxidative Heck Reaction

Fujiwara et al. Acc. Chem. Res. 2001, 34, 633

Mechanism for Pd catalyzed coupling of arene with olefin:

σ-Aryl-Pd complexes formed via electrophilic substitution of aromatic C-
H bonds by cationic [PdOAc]+ species have been proved to be the 
intermediates in the catalytic cycle.



Introduction – Fujiwara-Moritani Oxidative Heck Cyclization

Ishii, Y. et al JACS, 2003, 1476. 

-- Latest studies largely focused on coupling of benzene with activated    
olefins.
-- Direct intramolecular oxidative Heck cylization between arene and 
unactivated olefins not thoroughly studied.

Jacobs, P. A. et al. Ang, 2003, 3512.



Stoichiometric Pd-mediated Oxidative Cyclization

Baran, P. S. Corey. E. J. JACS, 2003, 5628. 

-- Stoichiometric Pd-mediated intramolecular oxidative arene-olefin
cylization with unactivated olefin was reported.



Catalytic Pd(II)-mediated Aerobic Indole Annulation.

Ferreira, E. M.; Stoltz, B. M. J. Am. Chem. Soc. 2003,125, 9578

-- electron-poor ligands resulted in a more electrophilic, and therefore more 
reactive, palladium catalyst.

-- Ligands that were too electron-deficient, however, were unable to sufficiently 
ligate palladium,likely hampering both reactivity and Pd(0) reoxidation.
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Catalytic Pd(II)-mediated Aerobic Indole Annulation.

Ferreira, E. M.; Stoltz, B. M. J. Am. Chem. Soc. 2003,125, 9578
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Catalytic Pd(II)-mediated Aerobic Indole Annulation.

Ferreira, E. M.; Stoltz, B. M. J. Am. Chem. Soc. 2003,125, 9578

-- Observed stereochemistry of 4 supports palladation-syn insertion-syn
β-elimination sequence.



Application of Pd(II)-mediated Aerobic Indole Annulation.

Garg. N. K.; Caspi, D. D., Stoltz, B. M. J. Am. Chem. Soc. 2004,126, 9552

-- Optimized condition gave 7 as single isomer in good yield.

-- Intramolecular Heck cyclization resulted in competitive production of 
undesired  product:



Intramolecular Pd(II)-mediated Oxidative Heck Cyclization

-- Pd(0) mediated oxidative addition of electron-rich aryl halides is typically slower
than that to electron-poor arenes.

-- Direct Pd(II) mediated oxidative process would be complementary.
Zhang, H, Ferreira, E. M.; Stoltz, B. M. Angew. Chem. Int. Ed. 2004, 43, 6144



Pd(II)-mediated Oxidative Cyclization – Benzofuran Synthesis

Zhang, H, Ferreira, E. M.; Stoltz, B. M. Angew. Chem. Int. Ed. 2004, 43, 6144
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Pd(II)-mediated Oxidative Cyclization – Dihydroenzofuran Synthesis



Zhang, H, Ferreira, E. M.; Stoltz, B. M. Angew. Chem. Int. Ed. 2004, 43, 6144

Pd(II)-mediated Oxidative Cyclization – Dihydroenzofuran Synthesis

Not observed 60% yield



Pd(II)-mediated Oxidative Cyclization - Summary

MeO
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10 mol% Pd(OAc)2
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10 mol% Pd(OAc)2
40 mol% ethyl nicotinate

tert-amyl alcohol/AcOH (4:1)
1 atm O2, 80oC N

Me
82% yield

Summary: 
-- Mild oxidative C-C bond formation with unactivated olefin using catalytic Pd(II).
-- Access to wide rang of indoles, benzofurans, dihydrobenzofurans.

Drawback:
-- Benzofuran methodology limited to five-membered ring.
-- Only electron-rich arene would undergo cyclization.


