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Introduction

Achievement:one of the most efficient and direct strategies for C‐C bond formation
Drawbacks:a.Cat and ligands are expensive,sometimes difficult to prepare;

b.toxic to different extents and removal is quite costly and challenging;
c.sensitive to oxygen and moisture,thus manipulation is strict;
d.do not meet the requirement of sustainable development.



Transition-metal-free coupling reactions:used to describe coupling
reactions, which employ similar starting materials and give similar results with
those catalyzed by transition-metal catalysts, while during the process no
transition-metal catalysts were used.

radical pathway radical cation pathway

cationic pathway
electrophilic aromatic substitution

aryne pathway
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Scheme 1:Typical Transition‐Metal‐Free Coupling Reactions through Various Pathways



Transition-Metal-Free Cross-Coupling Reactions: Bsae‐
Promoted HAS‐Type Coupling Reactions

Homolytic aromatic substitution reactions(HAS) : defined as the 
replacement of a leaving group Y on an aromatic ring by an attacking radical 
species.

Williams, G. H. Homolytic Aromatic  Substitution; Pergamon: 
Oxford, 1960.



Bsae‐Promoted HAS‐Type Coupling Reactions

Itami, K.  et al. org. Lett. 2008, 10, 4673.

a mechanism of an HAS reaction
was applausive.This report is the 
first beautiful example of  base 
promoted transition‐metal‐free 
cross‐coupling between aryl halides 
and N‐containing heteroarenes.

KOtBu‐Promoted Coupling Reactions with Radical Scavengers

Ar=N‐containing heteroarenes;   Ar'=arenes



Bsae‐Promoted HAS‐Type Coupling Reactions

Shi, Z.‐J. et al Nat. Chem. 2010, 2, 1044.



several important key steps:
(a) the generation of an aryl 
radical;
(b) the addition of aryl radical 
to an arene; 
(c) the transfer of electron 
and proton to afford coupling 
products.

Studer, A.; Curran, D. P. Angew. Chem., Int. Ed. 2011, 50, 5018.

Mechanism of Bsae‐Promoted HAS Reaction



Transition‐Metal‐Free Cross‐Coupling of Grignard Reagents

Shirakawa, E.; Hayashi, Y. et al .  Angew. Chem., Int. Ed. 2012, 51, 218.



This result indicated that the 
biaryl anion intermediate 6
played a role in a single 
electron donor in the 
propagation step, which
was faster than the initiation 
step.

Cross‐Coupling of Aryl Grignard Reagents with Aryl Halides through SRN1 Pathway



Electrophilic Amination between Aryl Grignard Reagents and N‐Chloroamines

the additive TMEDA
played a key role in
controlling the 
chemoselectivity as 
show in next PPT.

Nakamura, M. at al Org. Lett. 2010, 12, 1516.



Scheme 7. Possible Mechanism of the Electrophilic Amination between Aryl 
Grignard Reagents and N‐Chloroamine

Electrophilic Amination between Aryl Grignard Reagents and N‐Chloroamines



Transition‐Metal‐Free Oxidative Coupling Reactions:Hypervalent‐Iodine‐
Mediated Oxidative Coupling Reactions

Hypervalent Iodine Reagents

due to their low toxicity, high stability, easily handling, and now commercial 
availability, they served as a useful synthetic oxidant in organic synthesis and 
became highly welcome both in chemical industry and laboratories.



Hypervalent‐Iodine‐Mediated Oxidative Homocoupling for Carbon−Carbon Bond
Formation.

Kita, Y. et al.  J. Am. Chem. Soc. 1994, 
116, 3684.

first reported a hypervalent 
iodine‐induced nucleophilic 
substitution of para‐
substituted phenol ethers



Hypervalent‐Iodine‐Mediated Oxidative Homocoupling for Carbon−Carbon Bond
Formation.

confirmed by 
UV and ESR 
spectroscopic 
studies

Fritz, H. P.; Gebauer, H. Z. Naturforsch., B: 
J. Chem. Sci. 1978,338, 702.

these polar and low‐nucleophilic 
protic solvents could efficiently 
stabilize the reactive cationic 
intermediates and prevent the 
possible competitive side‐
reactions

Kita, Y.; Takada, T.; Tohma, H. Pure Appl. Chem. 
1996, 68,627.



DDQ‐Promoted Oxidative Coupling Reactions

Table 5. DDQ-Mediated Direct Cross-Dehydrogenative-Coupling (CDC) Reaction
between Isochroman and Simple Ketones
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first example of DDQ‐mediated direct cross‐dehydrogen‐ative‐coupling (CDC) reaction 
between benzyl ethers and simple ketones

Zhang, Y.; Li, C.‐J. J. Am. Chem. Soc. 2006, 128, 4242.



DDQ‐Promoted Oxidative Coupling Reactions

Scheme 9. DDQ-Promoted Oxidative Coupling Reactions between Allylic sp3 C-H and Various Nucleophiles
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Bao, W.‐L. et al. Eur. J. Org.Chem. 2010, 1235.

(a)Bao, W. L.et al.  Adv. Synth. Catal. 2008, 350, 1263. (b)Bao, W. L. et al.  J. Org. Chem. 2008, 73, 6881.

(a)Bao, W. L. et al.  Adv. Synth. Catal. 2009, 351, 865. (b)Bao, W. et al.  Tetrahedron .2011, 67, 4793.



DDQ‐Promoted Oxidative Coupling Reactions

Scheme 10. Tentative Mechanism for DDQ-Mediated Direct Cross-Dehydrogenative-Coupling (CDC)
Reaction
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Zhang, Y.; Li, C.‐J. J. Am. Chem. Soc. 2006, 128, 4242.



Summary and Outlook

1.Recent advances on the transition‐metal‐free coupling reactions have been 
introduced and discussed . 

2.transition‐metal‐free coupling reactions display higher efficiency under 
simpler and milder conditions than those in transition‐metal‐catalyzed 
editions. However, the chemoselectivity and regioselectivity are usually not 
satisfactory due to the intrinsic mechanistic limitation.And it doesn't have a 
more flexible modification and colorful synthetic stories.

Because of the endless pursuit of sustainable chemistry and green 
chemistry, anyway,the step chasing new conditions and new systems of 
highly efficient and selective transition‐metal‐free reactions should be 
never ceased.




