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Copper-Catalysed Cross-Coupling: An Untapped 

Potential 

Surendra Thapa, Bijay Shrestha, Santosh K. Gurung and Ramesh Giria,*  

Copper is emerging as a viable catalytic metal for cross-coupling reactions to construct carbon-carbon 

(C‒C) bonds. Recent revelations that Cu-catalysts can execute with high efficacy the cross-couplings of 

a variety of organometallic reagents, including organomagnesium, organoboron, organosilicon, 

organoindium and organomanganese, with alkyl, aryl and heteroaryl halides clearly demonstrate the 

versatility of Cu-based catalytic systems in conducting these reactions. In addition, Cu-catalysts are 

exhibiting a unique reactivity pattern that allows ligandless cross-coupling for aryl-heteroaryl and 

heteroaryl-heteroaryl bond formation, a transformation that generally requires special custom-

designed ligands with Pd-catalysts. This review summarises early discoveries and subsequent 

advancements made in the area of Cu-catalysed cross-couplings of organometallic reagents with 

organohalides to form C‒C bonds.  

 

 

 

 

 

 

 

 

Introduction 

Cross-coupling reactions are powerful tools for carbon-carbon 

(C‒C) bond formation1,2 and have been widely utilized for the 

synthesis of a wide variety of molecules.3 These 

transformations are typically catalysed by Pd complexes. 

Recently, tremendous efforts have been invested in developing 

Cu as an alternative to Pd for these processes.4 Efforts to invent 

Cu-based catalytic protocols for cross-couplings are inspired by 

the concerns for their long-term sustainability due primarily to 

the high cost and low natural abundance of Pd. In general, the 

high costs of precious metals, including Pd, are the results of 

their scarcity in the Earth’s crust. Therefore, the low 

availabilities of these metals remain the crux of concern, 

particularly in cases when the use of these noble metals is on 

the rise. An illustrative example can be drawn from the noble 

metal Pt, which has drawn broad interest for use in fuel cells in 

vehicles.5 Gordon and co-workers predict, with the standard 

output of Pt-based fuel cells for a life of 10 years and with 50% 

recovery rate for recycling 90% of used Pt, that the remaining 

lithospheric Pt can sustain a fleet of 500 million fuel cell-

operated vehicles only for 15 years.6 As Pd exists in even lower 

quantities than Pt in the lithosphere,7 our heavy dependence on 

and ever-increasing demand of Pd as a catalyst to make drugs 

and commodity chemicals essential for life is alarming.8 

Evidence for soaring consumption of Pd can be gleaned from 

the ubiquitous and wide-spread applications of cross-coupling 

reactions in manufacturing materials, and in synthesising 

natural products and pharmaceuticals in recent years.3 An 

example to this effect can be drawn from a recent review by 

Roughley and Jordan that stated that 62% of the total C‒C bond 

forming processes utilised in the pursuit of drug candidates 

involved cross-couplings catalysed predominantly by Pd.9 

Therefore, it is reasonable to argue, based on the current rate of 

demand for Pd for various transformations, that the industrial 

application of cross-coupling reactions cannot remain 

sustainable in the future. 

Interestingly, the use of Cu for cross-coupling reactions 

actually predates the discovery of Pd as a catalyst for these 

transformations.10 Early investigations largely focused on the 

use of stoichiometric amounts of organocopper(I) species, such 

as Gilman reagents, with alkyl halides.11 Catalytic use of Cu-

salts, generally for the coupling of alkyl Grignard reagents with 

alkyl halides, remained unachieved as the reactions generally 

produced predominant amounts of decomposition products such 
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as alkanes by protodemetalation and olefins, in addition to 

small quantities of cross-coupled products.12 These 

complications were generally ascribed to the instability of 

organocopper(I) species and the propensity of various Cu-

species to undergo radical and disproportionation reactions.13     

Regardless of the existence of difficulties in developing Cu-

catalysed cross-couplings, the utility of Cu-salts in forming C‒

C bonds has remained highly successful in processes such as 

conjugate addition, 1,2-addition, and allylic reactions of 

Grignard and organozinc14 reagents.15 These Cu-catalysed 

transformations have been shown to utilise not only the reactive 

and traditional organometallic reagents but also other stable 

organometallic compounds of silicon,16 boron17 and 

zirconium.18 The ability of both reactive and stable 

organometallic reagents to undergo transmetalation with Cu-

salts was a clear indication of optimism for developing Cu-

catalysed cross-couplings for C‒C bond formation. As such, a 

number of seminal reports began to appear before the turn of 

the 21st century describing the catalytic cross-couplings of the 

Grignard reagents and organotin compounds with alkyl and aryl 

halides. Therefore, this review will begin by summarizing this 

early work on cross-coupling of organometallic reagents with 

organohalides using Cu, and then move on to highlight and 

discuss recent developments with these and other new 

organometallic reagents. Due to short nature of this article, 

other Cu-catalysed C‒C coupling processes,19 such as oxidative 

Heck,20 Sonogashira,21 Glaser-Hay,22 Castro-Stephen,23 and 

Ullmann couplings4e, f will not be included despite their 

historical as well as synthetic significance. 

Catalytic Cycle 

Detailed studies devoted to understanding the mechanism of 

Cu-catalysed cross-coupling with organometallic reagents are 

rare.24 However, two basic catalytic cycles (Schemes 1 and 2) 

have been envisioned for this transformation based on sporadic 

mechanistic studies with alkyl and aryl electrophiles. Both 

catalytic cycles share transmetalation as the initial elementary 

step in which a nucleophilic moiety from an organometallic 

reagent exchanges with a halide on CuI and generates an 

organocopper(I) species as a reactive intermediate. In cases in 

which a base or a fluoride anion is required for reactivity, 

exchange of the halide on CuI-catalyst usually precedes 

transmetalation.24-25 Early evidence for transmetalation was 

obtained from studies of the reactions of alkyl Grignard 

reagents with CuII salts in which CuII was reduced to CuI as an 

organocopper(I) species by two equivalents of the Grignard 

reagents.12a-c Occurrence of transmetalation to Cu-halides from 

other organometallic reagents such as organotin,26 organozinc,27 

organosilicon,16h-j organoboron24, 28 and organozirconium18 are 

now known,29 and many organocopper(I) complexes generated 

via this process have been structurally characterized by NMR 

spectroscopy and X-ray crystallography.30 The organocopper(I) 

complexes thus generated31 are known to react with alkyl and 

aryl electrophiles via different mechanisms. Reactions of 

organocopper(I) intermediates with alkyl halides and 

pseudohalides have been shown to proceed via a traditional 

redox neutral SN2 process and generate products with complete 

inversion of configuration (Scheme 1).32 As well, radical clock 

experiments suggest that the reactions with organohalides and 

pseudohalides do not involve radical intermediates.32a, 33 

Reactions of organocopper(I) complexes with aryl halides have 

been proposed to proceed via oxidative addition and reductive 

elimination with the involvement of organocopper(III) 

intermediates (Scheme 2). Organocopper(III) species are 

generally invoked based on experiments using radical clocks 

and radical scavengers that discount the possibility of aryl 

radical intermediates,25, 34 along with the existence and 

characterization of various CuIII-complexes.13d, 35 The 

sequential occurrence of the elementary steps in Scheme 2 has 

been demonstrated recently by our group based on in situ NMR 

studies of stoichiometric and catalytic reactions, and 

independent syntheses and characterization of reactive 

intermediates involved in the catalytic cycle.24-25 Moreover, a 

recent study by DFT calculations on the Stille-type coupling of 

vinyltin reagents with vinyl iodide also supports the catalytic 

cycle in Scheme 2.36 

 
Scheme 1 Proposed catalytic cycle I proceeding via an SN2 pathway for coupling 

with alkyl electrophiles 

 
Scheme 2 Proposed catalytic cycle II proceeding via oxidative addition-reductive 

elimination sequence for coupling with aryl electrophiles 

Recently, Cahiez and co-workers have proposed a unique 

catalytic cycle for the cross-coupling of Grignard reagents with 

alkynyl halides (Scheme 3).37 A catalytically active 

organocopper(I) species [RCu] is proposed to be formed off-
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cycle via the first transmetalation of Grignard reagents with 

CuX (X = halides), which further reacts with a second molecule 

of the Grignard reagent to generate a diorganocuprate complex 

[R2CuMgX]. The diorganocuprate species is believed to 

undergo carbocupration with alkynyl halides via a five-

coordinate, three-membered cyclic organocopper species to 

generate a β-halo-vinylcopper(I) complex. The β-halo-

vinylcopper(I) species then undergoes β-halogen elimination to 

form the cross-coupled product and regenerate the catalyst.          

 
Scheme 3 Proposed catalytic cycle III proceeding via carbocupration for the 

coupling of Grignard reagents with alkynyl halides 

Coupling with Grignard Reagents 

Reaction of Grignard reagents with organohalides was reported 

seven decades ago by Kharash38 with Co-salts and later by 

Tamura and Kochi using Cu-salts.39 These early works and 

similar later reports have been extensively discussed 

elsewhere.4b In general, these initial reports showed that the 

reactions either required stoichiometric amounts of Cu-salts for 

high product yields,40 or used catalytic quantities of Cu-salts 

but proceeded only with limited substrate scope in low yields.41 

In 1997, Burns and co-workers developed a highly active 

soluble Cu-catalyst by mixing equimolar amounts of 

CuBr•DMS, LiBr and LiSPh that allowed the cross-couplings 

of alkyl tosylates and mesylates to proceed efficiently with 1 

equivalent of a variety of Grignard reagents.42 The Cu-catalyst 

enabled the couplings of primary, secondary and tertiary alkyl, 

and aryl, vinyl and allyl Grignard reagents with primary alkyl 

iodides, bromides and tosylates (Scheme 4), as well as with 

secondary tosylates and mesylates (Scheme 5). Cahiez and co-

workers later demonstrated a dramatic effect of NMP as an 

additive in THF with Li2CuCl4 or CuCl as a catalyst which 

enabled the use of secondary and tertiary alkyl Grignard 

reagents as coupling partners (Scheme 6).43 Products were 

obtained in moderate to excellent yields. Recently, Liu and co-

workers utilised CuI/TMEDA as an efficient catalyst in the 

presence of LiOMe as an additive that allowed cross-coupling 

to proceed between secondary alkyl Grignard reagents and 

secondary alkyl halides and tosylates (Scheme 7).32b These 

reactions have been shown to proceed via SN2 pathways.32   

 
Scheme 4. Coupling of alkyl-, vinyl- and allyl Grignard reagents with primary alkyl 

iodides, bromides and tosylates   

 
Scheme 5. Coupling of primary alkyl Grignard reagents with secondary alkyl 

tosylates and mesylates 

+ RMgCl
Li2CuCl4 (3 mol%)

NMP (4 equiv)
THF, 20 °C

R = tBu, 85%; R = iPr, 76%

nHex
Br

nHex
R

 
Scheme 6. Coupling of secondary and tertiary alkyl Grignard reagents with 

primary alkyl bromides 

 
Scheme 7. Coupling of secondary alkyl Grignard reagents with secondary alkyl 

bromides and tosylates 

Cahiez and co-workers further showed that catalytic amounts of 

NMP as an additive also facilitated the cross-coupling of 

primary, secondary and tertiary alkyl as well as aryl Grignard 

reagents with alkynyl halides, furnishing the products in 

moderate to excellent yields (Scheme 8).37 Previous attempts to 

react these types of coupling partners resulted in poor product 

yields.44 Beneficial effects of additives in Cu-catalysed cross-

couplings were further shown by Kambe and co-workers, who 

demonstrated that the reaction of Grignard reagents with 

generally unreactive primary alkyl fluorides proceeded only in 

the presence of 1,3-butadiene as an additive (Scheme 9).45 A 
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similar effect of 1-phenylpropyne was also disclosed in the 

reaction of Grignard reagents with primary alkyl chlorides 

(Scheme 10).32a  

 
Scheme 8. Coupling of primary, secondary and tertiary alkyl as well as aryl 

Grignard reagents with alkynyl bromides and chlorides 

 
Scheme 9. Coupling of Grignard reagents with primary alkyl fluorides 

 
Scheme 10. Coupling of Grignard reagents with primary alkyl chlorides 

Coupling with Organotin Reagents 

In 1988, Lipshutz, Campbell, and co-workers demonstrated that 

vinylstannanes could undergo transmetalation with higher order 

cyanocuprates.26 This seminal work opened the door for 

developing cross-coupling reactions of organotin reagents with 

Cu-salts as demonstrated independently by the research groups 

of Piers (Scheme 11),46 Liebeskind  (Scheme 12),47 and Falck  

(Scheme 13).14b However, these transformations in which aryl-, 

vinyl- and alkyltin reagents were coupled with vinyl iodides 

and alkynyl bromides required stoichiometric amounts of CuX 

(I, Cl) and CuTC (TC = thiophene-2-carboxylate) as catalysts.  

 
Scheme 11. Intramolecular coupling of vinyl iodides with vinyltin reagents using 

excess of CuCl 

 
Scheme 12. Coupling of vinyltin reagents with vinyl iodides using excess of a Cu-

catalyst 

 
Scheme 13. Coupling of α-substituted alkyltin reagents with vinyl iodides and 

alkynyl bromides 

In 1995, Falck and co-workers reported the Cu-catalysed cross-

coupling of α-heteroatom-substituted alkyltributylstannanes 

with iodo- and bromobenzenes in THF (Scheme 14).48 Despite 

the formation of the products in low yields, this report 

demonstrated for the first time the potential usefulness of Cu-

salts as catalysts in Stille couplings. Kang and co-workers later 

disclosed that the cross-coupling could be performed with 

improved yields when the reaction was conducted in NMP at 90 

°C in the presence of 1 equivalent of NaCl as an additive.49 

This reaction protocol allowed the cross-couplings of aryl-, 

heteroaryl-, vinyl- and alkynyltin reagents to proceed with 

different aryl- and vinyl iodides in good to excellent yields 

(Schemes 15-16). Moreover, the reaction protocol could be 

extended to diarylation of 1,4-diiodobenzene (Scheme 17). 

More recently, Li, Zhang, and co-workers utilised Cu2O 

nanoparticles as catalysts in tetrabutylammonium bromide 

(TBAB), which enabled the reactions of aryl-, vinyl- and 

alkynyltin reagents to proceed with aryl iodides, bromides and 

chlorides in the presence of KF to afford the products in 

moderate to excellent yields (Scheme 18).50  

SnBu3

OAc

+
CuCN (8 mol%)

THF or PhCH3

60-110 °C, 48-50 h

OAc
X

X = I, 50%; X = Br, 20%

 
Scheme 14. Coupling of a-heteroatom-substituted alkyltin reagents with aryl 

iodides and bromides 
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Scheme 15. Coupling of organotin reagents with vinyl iodides 

 
Scheme 16. Coupling of organotin reagents with aryl iodides 

 
Scheme 17. Diarylation of 1,4-diiodobenzene with heteroaryltin reagents 

 
Scheme 18. Coupling of aryl-, vinyl- and alkynyltin reagents with aryl halides 

using Cu2O nanoparticles 

Coupling with Organosilicon Reagents 

In 1997, Hosomi and co-workers demonstrated that arylsilicon 

reagents could be coupled with aryl iodides in the presence of 

CuI and NaOC6F5 (Scheme 19).51 However, the reaction 

required a stoichiometric quantity of the Cu-salt and proceeded 

with very limited substrate scope. In 2013, our group reported 

the first Cu-catalysed cross-coupling of aryl- and 

heteroaryltriethoxysilanes with aryl and heteroaryl iodides that 

generated the coupled products in good to excellent yields.34a 

The reaction proceeded with 10 mol% CuI in the absence of 

ligands for aryl-heteroaryl and heteraryl-heteroaryl couplings 

when CsF was used as a fluoride source (Scheme 20).  

N

S

SiMe3 +

I
CuI (100 mol%)

C6F5ONa (1 equiv)
DMI, 130 °C, 12 h

N

S

93%(2.0 equiv)  
Scheme 19. Coupling of heteroarylsilicon reagents with aryl iodides using 

stoichiometric amouns of a Cu-catalyst 

+
CuI (10 mol%)

CsF
DMF, 120 °C, 12 h

R

R1

R

Si(OEt)3

R1

I

40 94%

R, R1 = H, F, CF3, Me, OMe, Br, Cl, NO2

Examples of heterosilanes and heteroaryl iodides

S

Si(OEt)3

N

I

N

I

Cl N

I

Cl(o,m,p)
N

NI

aryl or
heteroaryl

aryl or
heteroaryl

aryl-heteroaryl or
heteroaryl-heteroaryl

 
Scheme 20. Coupling of aryl- and heteroarylsilicon reagents with aryl and 

heteroaryl iodides 

The “ligandless” condition could also be extended to aryl-aryl 

coupling, albeit generating the products in low yields. The 

product yields could be improved by 20 – 54% by utilising a 

combination of 2-(diphenylphosphino)-N,N-dimethylaniline 

(PN-1) and CuI as a catalyst (Scheme 21). Application of a 

similar but more sterically bulky and electron-rich ligand, 2-(di-

tert-butylphosphino)-N,N-dimethylaniline (PN-2), also enabled 

the cross-coupling of aryltriethoxysilanes to proceed well with 

aryl bromides in the presence of stoichiometric amounts of CuI 

(Scheme 22).52 A similar reaction was also recently reported by 

Riant and co-workers for the cross-coupling of 

vinyltriethoxysilanes with alkynyl bromides (Scheme 23).53 

The reaction was catalysed by a cationic copper complex, 

Cu(MeCN)PF6, in the presence of tetrabutylammonium 

difluorotriphenylsilicate (TBAT), which enabled the use of both 

aromatic and aliphatic alkynyl bromides as coupling partners. 

 
Scheme 21. Coupling of arylsilicon reagents with aryl iodides using (PN-1)CuI 

catalyst 
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Scheme 22. Coupling of arylsilicon reagents with aryl bromides using 

stoichiometric quantities of CuI and PN-2 

 
Scheme 23. Coupling of vinylsilicon reagents with alkynyl bromides 

Takeda and co-workers demonstrated that aryl- and 

alkenylsilanes, activated by intramolecular coordination of an 

alkoxide group, could undergo alkylation with primary alkyl 

iodides and benzyl chlorides in the presence of an NHC-bound 

CuI, [(IPr)CuCl], as a catalyst (Scheme 24).54 The authors later 

showed that the vinylsilicon reagents coupled with primary 

alkyl and benzyl halides without the need for coordination-

assisted activation by alkoxide when the reaction was 

conducted in DMF in the presence of stoichiometric amounts of 

CuI•P(OEt)3 as a catalyst and Bu4NF•(tBuOH)4 as a fluoride 

source (Scheme 25).55 Similarly, Riant and co-workers also 

disclosed that their reaction protocol developed for coupling 

vinyltriethoxysilanes with alkynyl bromide (Scheme 23) could 

also utilise benzyl bromides as electrophiles (Scheme 26).56 

These couplings with primary alkyl and benzyl electrophiles are 

likely to proceed via a traditional SN2-type mechanism 

analogous to the reactions of similar electrophiles with 

Grignard and organoboron reagents with Cu-catalysts discussed 

above.  

  
 Scheme 24. Coupling of aryl- and vinylsilicon reagents with alkyl and benzyl 

halides 

 
Scheme 25. Coupling of vinylsilicon reagents with alkyl iodides using excess of 

CuI•P(OEt)3 catalyst 

 
Scheme 26. Coupling of vinylsilicon reagents with benzyl bromides 

Coupling with Organoboron Reagents 

In 2002, Rothenberg and co-workers reported the first example 

of Cu-catalysed Suzuki-Miyaura coupling. In this report, 

phenylboronic acid was cross-coupled with 4-iodotoluene using 

catalytic amounts of a Cu-nanocluster in DMF at 110 °C in the 

presence of K2CO3 (Scheme 27).57 The reaction protocol was 

later extended to include a variety of arylboronic acids and aryl 

iodides as coupling partners.58 A subsequent report revealed 

that replacement of DMF as a solvent with poly(ethylene)glycol 

(PEG)-400 allowed the use of commercially available Cu-

powder as a catalyst under otherwise identical reaction 

conditions, although the latter protocol required Cu-powder in 

larger quantities than the Cu-nanocluster (Scheme 28).59 It was 

further revealed that the reaction conditions could be applied to 

the couplings of aryl bromides and electron-deficient aryl 

chlorides in reasonable yields when a catalytic amount of I2 was 

used as an additive (Scheme 29). 
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Scheme 27. Coupling of arylboronic acids with aryl iodides using Cu-nanocluster 

 
Scheme 28. Coupling of arylboronic acids with aryl iodides using Cu-powder 

 
Scheme 29. Coupling of arylboronic acids with aryl bromides and chlorides using 

Cu-powder assisted by I2 

Despite Rothenberg’s early evidence that Cu0 could be used as 

a catalyst for the Suzuki-Miyaura coupling, later investigations 

showed that CuI-salts were more effective. In this regard, Li 

and co-workers reported that CuI ligated by 1,4-

diazabicyclo[2.2.2]octane (DABCO) was an efficient catalyst 

for coupling a variety of arylboronic acids with vinyl iodides 

and bromides when the reaction was conducted in DMF at 125-

130 °C in the presence of Cs2CO3 and TBAB (Scheme 30).60 

The reaction protocol can also be extended to multiple 

arylations of di- and tri-iodobenzenes (Scheme 31). The authors 

further demonstrated that a similar reaction condition in which 

DMSO was used as a solvent in the absence of DABCO at 135-

140 °C could be used for the coupling of both aryl- and 

heteroarylboronic acids with aryl- and vinyl iodides and 

bromides (Scheme 32).61 Similarly, a combination of CuI and 

8-hydroxyquinoline was also shown to be an active catalyst that 

facilitated cross-coupling between arylboronic acids and 

alkynyl bromides (Scheme 33).62 

 
Scheme 30. Coupling of arylboronic acids with vinyl iodides and bromides 

 
Scheme 31. Arylation of di- and tri-iodobenzenes with phenylboronic acid 

 
Scheme 32. Coupling of arylboronic acids with aryl and vinyl halides 

 
Scheme 33. Coupling of arylboronic acids with alkynyl bromides using 8-

hydroxyquinoline with CuI as a catalyst 

Since its discovery, Cu-catalysed Suzuki-Miyaura coupling 

with aryl halides had focused only on utilizing highly reactive 

arylboronic acids as coupling partners.62 However, in 2014 our 

group reported a quite general and highly efficient cross-

coupling of a variety of organoboron reagents, such as 

ArB(OR)2, ArB(OH)2, ArBF3K, Ar4B, Ar4BCs and (ArBO)3 

(Ar = aryl), with aryl iodides.24 The reactions for aryl-aryl 

coupling proceeded with 2 mol% CuI in the presence of PN-2 

as a ligand and afforded the coupled products in good to 

excellent yields (Scheme 34). Analogous to the cross-coupling 

with arylsilicon reagents (Scheme 20), the reaction of both aryl- 

and heteroarylboronate esters with heteroaryl iodides proceeded 

in good to excellent yields without requiring the addition of the 

PN-2 ligand (Scheme 35). Brown and co-workers also reported 
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that a similar coupling of arylboronate esters with aryl iodides 

could be conducted using a combination of CuCl and Xantphos 

as a catalyst to afford biaryl products in good to excellent yields 

(Scheme 36).34b, 63  

 
Scheme 34. Coupling of various arylboron reagents with aryl iodides using (PN-

2)CuI catalyst 

 
Scheme 35. Ligand-free coupling of (hetero)arylboron reagents with (hetero)aryl 

iodides 

 
Scheme 36. Coupling of arylboronate esters with aryl iodides using xantphos 

with CuCl as a catalyst 

Cross-couplings of alkyl- and arylboron reagents with primary 

alkyl halides and pseudohalides were reported recently by Liu 

and co-workers (Scheme 37).33 Analogous to the coupling of 

Grignard reagents with alkyl electrophiles using Cu-salts, these 

reactions were shown to proceed via a traditional SN2-type 

mechanism by catalytic generation of organocopper(I) species 

in situ. Moreover, Rao and Rao demonstrated that a similar 

reaction condition could be applied to the coupling of 

arylboronic acids with secondary benzylic thiomethyl ethers on 

special chromene scaffolds in which the thiomethyl moiety 

functioned as a leaving group (Scheme 38).64 

  
Scheme 37. Coupling of alkyl- and arylboron reagents with primary alkyl 

electrophiles 

 
Scheme 38. Coupling of arylboronic acids with secondary benzylic thiomethyl 

ethers 

Coupling with Organoindium Reagents 

Our group has recently shown for the first time that 

triorganoindium reagents are excellent coupling partners for 

Cu-catalysed cross-coupling with aryl halides in DMF in the 

presence of PN-2 ligand and NaOMe.25 Triorganoindium 

reagents generally transfer all three organic nucleophilic 

moieties into products via consecutive transmetalations and, 

therefore, the transformation requires only one-third 

equivalents of the organometallic reagents. Reaction proceeds 

with both aryl- and alkylindium reagents (Schemes 39-40). The 

reaction utilizes various aryl iodides as electrophiles and 

tolerates a wide range of functional groups and steric hindrance. 

In addition, electron-deficient and heteroaryl bromides can also 

be used as electrophiles (Scheme 41). Consistent with the 

reactivity patterns observed for organoboron and organosilicon 

reagents, the current reaction conditions allowed the reactions 

of heteroaryl iodides to proceed with organoindium reagents in 

the absence of the PN-2 ligand (Scheme 42). 
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Scheme 39. Coupling of triarylindium reagents with aryl iodides via three 

consecutive transmetalations 

+

CuI (5 mol%)
PN-2 (5 mol%)

DMF, 100 °C, 24 h
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I

54 91%aryl or
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Scheme 40. Coupling of primary and secondary trialkylindium reagents with aryl 

and heteroaryl iodides 

 
Scheme 41. Coupling of triarylindium reagents with aryl and heteroaryl bromides 

 
Scheme 42. Ligand-free coupling of triarylindium reagents with heteroaryl 

iodides 

Coupling with Organomanganese Reagents 

In 1993, Cahiez and Marquais reported the first example of Cu-

catalysed cross-coupling of organomanganese chloride with 

alkyl halides and phenylsulfonates.65 Similar to the coupling of 

Grignard reagents with alkyl halides (Scheme 6), the addition 

of NMP as a co-solvent dramatically improved the reaction, 

affording the cross-coupled products in good to excellent 

yields. The reaction could utilize primary, secondary and 

tertiary alkyl as well as vinyl-, allyl- and arylmanganese 

reagents to couple with primary alkyl iodides, bromides, and 

phenylsulfonates, and tolerated functional groups such as esters 

and ketones (Scheme 43). The reaction was later extended to 

the coupling of alkyl bromides containing free carboxyl and 

hydroxyl groups, as well as vinyl iodides.66 

 
Scheme 43. Coupling of secondary and tertiary alkyl Grignard reagents with 

primary alkyl bromides 

Conclusion and Perspectives 

Cu-catalysts are emerging as viable alternatives to Pd-based 

systems for cross-coupling reactions. The motivation for this 

new focus rests on the concept of developing cross-coupling 

transformations into a sustainable chemical process with 

particular emphasis placed upon replacing rare, expensive, and 

toxic Pd with earth abundant, inexpensive, and non-toxic TM. 

In this respect, Cu can in particular be regarded as the TM of 

choice that fulfils these requirements. Recent revelations of the 

high efficacy of Cu-catalysts in executing cross-couplings of a 

variety of organometallic reagents, such as organomagnesium, 

organoboron, organosilicon, organoindium and 
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organomanganese, with alkyl, aryl and heteroaryl halides 

clearly demonstrate the potential application of Cu as an 

alternative to Pd. In addition, Cu-catalysts are displaying a 

reactivity pattern that is different and unique from Pd-catalysts 

as demonstrated, for example, in the “ligandless” Cu-catalysed 

aryl-heteroaryl and heteroaryl-heteroaryl coupling, an otherwise 

difficult transformation when utilizing Pd-catalysts. However, 

Cu-based catalytic systems are still far from being general, 

especially when inexpensive but less reactive aryl chlorides and 

tosylates are utilized as coupling partners. Therefore, despite 

recent encouraging developments, enormous efforts still need to 

be made in order to match Cu-based catalytic systems with the 

Pd-based systems that have been rigorously optimized over the 

course of three decades.     

Acknowledgements 

We thank the University of New Mexico (UNM) for financial 

support. We cordially thank Professor Richard A. Kemp at the 

Department of Chemistry & Chemical Biology (CCB), UNM, 

for his invaluable time in proofreading the manuscript and 

making constructive suggestions.  

Notes and references 

a Department of Chemistry & Chemical Biology, The University of New 

Mexico, Albuquerque, NM 87131. 

 

1. (a) R. F. Heck in Comprehensive Organic Synthesis, Vol. 4 (Eds.: B. 

M. Trost, I. Fleming), Pergamon, Oxford, 1991, 833; (b) F. 

Diederich, P. J. Stang, Metal-Catalyzed Cross-Coupling Reactions, 

Wiley-VCH, New York, 1998; (d) E.-i. Negishi, Q. Hu, Z. Huang, M. 

Qian, G. Wang, Aldrichimica Acta 2005, 38, 71-88. 

2.  For reviews, see: (a) T.-Y. Luh; M.-k. Leung; K.-T. Wong, Chem. 

Rev. 2000, 100, 3187;  (b) B. M. Trost; M. L. Crawley, Chem. Rev. 

2003, 103, 2921;  (c) G. C. Fu, Acc. Chem. Res. 2008, 41, 1555;  (d) 

M. Kumada, Pure Appl. Chem. 1980, 52, 669;  (e) J. K. Stille, 

Angew. Chem. Int. Ed. 1986, 25, 508;  (f) N. Miyaura; A. Suzuki, 

Chem. Rev. 1995, 95, 2457;  (g) R. Martin; S. L. Buchwald, Acc. 

Chem. Res. 2008, 41, 1461;  (h) T. Hiyama, J. Organomet. Chem. 

2002, 653, 58;  (i) C. J. Handy; A. S. Manoso; W. T. McElroy; W. M. 

Seganish; P. DeShong, Tetrahedron 2005, 61, 12201;  (j) R. Jana; T. 

P. Pathak; M. S. Sigman, Chem. Rev. 2011, 111, 1417;  (k) Z.-L. 

Shen; S.-Y. Wang; Y.-K. Chok; Y.-H. Xu; T.-P. Loh, Chem. Rev. 

2012, 113, 271;  (l) I. Pérez; J. P. Sestelo; L. A. Sarandeses, J. Am. 

Chem. Soc. 2001, 123, 4155;  (m) D. Rodríguez; J. Pérez Sestelo; L. 

A. Sarandeses, J. Org. Chem. 2004, 69, 8136. 

3.  For reviews, see: (a) A. M. Rouhi, Chem. Eng. News 2004, 82, 49;  

(b) J.-P. Corbet; G. Mignani, Chem. Rev. 2006, 106, 2651;  (c) K. C. 

Nicolaou; P. G. Bulger; D. Sarlah, Angew. Chem. Int. Ed. 2005, 44, 

4442;  (d) J. Magano; J. R. Dunetz, Chem. Rev. 2011, 111, 2177. 

4.  For reviews, see: (a) P. Siemsen; R. C. Livingston; F. Diederich, 

Angew. Chem. Int. Ed. 2000, 39, 2632;  (b) I. P. Beletskaya; A. V. 

Cheprakov, Coord. Chem. Rev. 2004, 248, 2337;  (c) S. E. Allen; R. 

R. Walvoord; R. Padilla-Salinas; M. C. Kozlowski, Chem. Rev. 2013, 

113, 6234;  (d) S. V. Ley; A. W. Thomas, Angew. Chem. Int. Ed. 

2003, 42, 5400;  (e) P. E. Fanta, Synthesis 1974, 1974, 9;  (f) J. 

Hassan; M. Sévignon; C. Gozzi; E. Schulz; M. Lemaire, Chem. Rev. 

2002, 102, 1359;  (g) B. H. Lipshutz, Acc. Chem. Res. 1997, 30, 277. 

5.  For reviews, see: (a) D. S. Cameron, Platinum Met. Rev. 1990, 34, 

26;  (b) D. S. Cameron, Platinum Met. Rev. 1985, 29, 107. 

6. R. B. Gordon; M. Bertram; T. E. Graedel, P. Natl. Acad. Sci. USA 

2006, 103, 1209. 

7.  (a) L. Tan; Y. Chi-lung, Int. Geol. Rev. 1970, 12, 778;  (b) H. E. 

Suess; H. C. Urey, Rev. Mod. Phys. 1956, 28, 53. 

8. For recycling of Pd, see: J. T. Bien; G. C. Lane; M. R. Oberholzer, 

Top. Organomet. Chem. 2004, 6, 263. 

9. S. D. Roughley; A. M. Jordan, J. Med. Chem. 2011, 54, 3451. 

10.  For historical perspectives on cross-couplings, see: (a) E.-i. Negishi, 

Angew. Chem. Int. Ed. 2011, 50, 6738;  (b) C. C. C. Johansson 

Seechurn; M. O. Kitching; T. J. Colacot; V. Snieckus, Angew. Chem. 

Int. Ed. 2012, 51, 5062. 

11.  (a) J. F. Normant, Synthesis 1972, 63;  (b) H. Gilman; R. G. Jones; L. 

A. Woods, J. Org. Chem. 1952, 17, 1630. 

12.  (a) V. D. Parker; L. H. Piette; R. M. Salinger; C. R. Noller, J. Am. 

Chem. Soc. 1964, 86, 1110;  (b) V. D. Parker; C. R. Noller, J. Am. 

Chem. Soc. 1964, 86, 1112;  (c) J. K. Kochi; M. Tamura, J. Am. 

Chem. Soc. 1971, 93, 1485;  (d) M. Tamura; J. K. Kochi, J. 

Organomet. Chem. 1972, 42, 205. 

13.  (a) J. K. Kochi, Acc. Chem. Res. 1974, 7, 351;  (b) J. K. Kochi, J. 

Organomet. Chem. 2002, 653, 11;  (c) K. M. Smith, Organometallics 

2005, 24, 778;  (d) X. Ribas; D. A. Jackson; B. Donnadieu; J. Mahía; 

T. Parella; R. Xifra; B. Hedman; K. O. Hodgson; A. Llobet; T. D. P. 

Stack, Angew. Chem. Int. Ed. 2002, 41, 2991. 

14. (a) Y. Wang; D. J. Burton, Org. Lett. 2006, 8, 1109;  (b) S. 

Mohapatra; A. Bandyopadhyay; D. K. Barma; J. H. Capdevila; J. R. 

Falck, Org. Lett. 2003, 5, 4759;  (c) S.-K. Kang; T. Yamaguchi; T.-H. 

Kim; P.-S. Ho, J. Org. Chem. 1996, 61, 9082;  (d) E. Piers; M. A. 

Romero, J. Am. Chem. Soc. 1996, 118, 1215. 

15.  (a) A. Alexakis; J. E. Bäckvall; N. Krause; O. Pàmies; M. Diéguez, 

Chem. Rev. 2008, 108, 2796;  (b) K.-i. Yamada; K. Tomioka, Chem. 

Rev. 2008, 108, 2874;  (c) S. R. Harutyunyan; T. den Hartog; K. 

Geurts; A. J. Minnaard; B. L. Feringa, Chem. Rev. 2008, 108, 2824;  

(d) G. Blay; A. Monleon; J. R. Pedro, Curr. Org. Chem. 2009, 13, 

1498;  (e) M. Kanai; R. Wada; T. Shibuguchi; M. Shibasaki, Pure 

Appl. Chem. 2008, 80, 1055;  (f) J. S. Dickstein; M. C. Kozlowski, 

Chem. Soc. Rev. 2008, 37, 1166;  (g) S. Woodward, Chem. Soc. Rev. 

2000, 29, 393. 

16.  (a) A. K. Franz; K. A. Woerpel, J. Am. Chem. Soc. 1999, 121, 949;  

(b) S. Yamasaki; K. Fujii; R. Wada; M. Kanai; M. Shibasaki, J. Am. 

Chem. Soc. 2002, 124, 6536;  (c) D. Tomita; R. Wada; M. Kanai; M. 

Shibasaki, J. Am. Chem. Soc. 2005, 127, 4138;  (d) Y. Nishihara; K. 

Ikegashira; K. Hirabayashi; J.-i. Ando; A. Mori; T. Hiyama, J. Org. 

Chem. 2000, 65, 1780;  (e) K. Ikegashira; Y. Nishihara; K. 

Hirabayashi; A. Mori; T. Hiyama, Chem. Commun. 1997, 1039;  (f) 

Y. Nishihara; K. Ikegashira; F. Toriyama; A. Mori; T. Hiyama, Bull. 

Chem. Soc. Jpn. 2000, 73, 985;  (g) K. Itami; Y. Ushiogi; T. Nokami; 

Y. Ohashi; J.-i. Yoshida, Org. Lett. 2004, 6, 3695;  (h) J. R. Herron; 

Z. T. Ball, J. Am. Chem. Soc. 2008, 130, 16486;  (i) V. Russo; J. R. 

Herron; Z. T. Ball, Org. Lett. 2009, 12, 220;  (j) J. R. Herron; V. 

Russo; E. J. Valente; Z. T. Ball, Chem. Eur. J. 2009, 15, 8713;  (k) H. 

Taguchi; K. Ghoroku; M. Tadaki; A. Tsubouchi; T. Takeda, J. Org. 

Page 10 of 13Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 11  

Chem. 2002, 67, 8450;  (l) H. Taguchi; K. Ghoroku; M. Tadaki; A. 

Tsubouchi; T. Takeda, Org. Lett. 2001, 3, 3811;  (m) L. Cornelissen; 

S. Vercruysse; A. Sanhadji; O. Riant, Eur. J. Org. Chem. 2014, 2014, 

35. 

17. (a) H. Ohmiya; N. Yokokawa; M. Sawamura, Org. Lett. 2010, 12, 

2438;  (b) H. Ohmiya; U. Yokobori; Y. Makida; M. Sawamura, J. 

Am. Chem. Soc. 2010, 132, 2895;  (c) J. Takaya; S. Tadami; K. Ukai; 

N. Iwasawa, Org. Lett. 2008, 10, 2697;  (d) Y. Yamamoto; N. Kirai; 

Y. Harada, Chem. Commun. 2008, 2010;  (e) H. Yang; H. Li; R. 

Wittenberg; M. Egi; W. Huang; L. S. Liebeskind, J. Am. Chem. Soc. 

2007, 129, 1132;  (f) R. Wada; K. Oisaki; M. Kanai; M. Shibasaki, J. 

Am. Chem. Soc. 2004, 126, 8910;  (g) R. Wada; T. Shibuguchi; S. 

Makino; K. Oisaki; M. Kanai; M. Shibasaki, J. Am. Chem. Soc. 2006, 

128, 7687;  (h) N. Miyaura; M. Itoh; A. Suzuki, Tetrahedron Lett. 

1976, 17, 255;  (i) N. Miyaura; N. Sasaki; M. Itoh; A. Suzuki, 

Tetrahedron Lett. 1977, 18, 173;  (j) N. Miyaura; M. Itoh; A. Suzuki, 

Synthesis 1976, 1976, 618;  (k) N. Miyaura; M. Itoh; A. Suzuki, Bull. 

Chem. Soc. Jpn. 1977, 50, 2199;  (l) T. Uemura; N. Chatani, J. Org. 

Chem. 2005, 70, 8631;  (m) A. S. Demir; Ö. Reis; M. Emrullahoglu, 

J. Org. Chem. 2003, 68, 10130;  (n) D. A. Evans; J. L. Katz; T. R. 

West, Tetrahedron Lett. 1998, 39, 2937;  (o) M. S. T. Morin; Y. Lu; 

D. A. Black; B. A. Arndtsen, J. Org. Chem. 2012, 77, 2013. 

18. (a) T. Takahashi; R. Hara; Y. Nishihara; M. Kotora, J. Am. Chem. 

Soc. 1996, 118, 5154;  (b) T. Takahashi; W.-H. Sun; C. Xi; U. 

Haruka; Z. Xi, Tetrahedron 1998, 54, 715;  (c) Y. Ni; K. Nakajima; 

K.-i. Kanno; T. Takahashi, Org. Lett. 2009, 11, 3702;  (d) T. 

Takahashi; Y. Li; P. Stepnicka; M. Kitamura; Y. Liu; K. Nakajima; 

M. Kotora, J. Am. Chem. Soc. 2002, 124, 576;  (e) T. Takahashi; W.-

H. Sun; Z. Duan; B. Shen, Org. Lett. 2000, 2, 1197;  (f) Y. Liu; C. 

Xi; R. Hara; K. Nakajima; A. Yamazaki; M. Kotora; T. Takahashi, J. 

Org. Chem. 2000, 65, 6951;  (g) Y. Yamamoto; T. Ohno; K. Itoh, 

Chem Commun 1999, 1543. 

19. (a) M. C. Kozlowski; B. J. Morgan; E. C. Linton, Chem. Soc. Rev. 

2009, 38, 3193;  (b) C. A. Mulrooney; X. Li; E. S. DiVirgilio; M. C. 

Kozlowski, J. Am. Chem. Soc. 2003, 125, 6856;  (c) J. B. Hewgley; 

S. S. Stahl; M. C. Kozlowski, J. Am. Chem. Soc. 2008, 130, 12232. 

20. T. W. Liwosz; S. R. Chemler, Org. Lett. 2013, 15, 3034. 

21. (a) L. Mahendar; A. Gopi Krishna Reddy; J. Krishna; G. 

Satyanarayana, J. Org. Chem. 2014, 79, 8566;  (b) J. Santandrea; A.-

C. Bédard; S. K. Collins, Org. Lett. 2014, 16, 3892;  (c) K. Okuro; M. 

Furuune; M. Enna; M. Miura; M. Nomura, J. Org. Chem. 1993, 58, 

4716;  (d) R. K. Gujadhur; C. G. Bates; D. Venkataraman, Org. Lett. 

2001, 3, 4315;  (e) D. Ma; F. Liu, Chem Commun 2004, 1934;  (f) F. 

Monnier; F. Turtaut; L. Duroure; M. Taillefer, Org. Lett. 2008, 10, 

3203;  (g) G. Chen; X. Zhu; J. Cai; Y. Wan, Synth. Commun. 2007, 

37, 1355;  (h) M. Wu; J. Mao; J. Guo; S. Ji, Eur. J. Org. Chem. 2008, 

2008, 4050;  (i) D. Yang; B. Li; H. Yang; H. Fu; L. Hu, Synlett 2011, 

2011, 702;  (j) K. G. Thakur; E. A. Jaseer; A. B. Naidu; G. Sekar, 

Tetrahedron Lett. 2009, 50, 2865. 

22. (a) C. Glaser, Ber. Dtsch. Chem. Ges. 1869, 2, 422;  (b) A. S. Hay, J. 

Org. Chem. 1962, 27, 3320;  (c) H.-Q. Do; O. Daugulis, J. Am. 

Chem. Soc. 2009, 131, 17052. 

23. (a) R. D. Stephens; C. E. Castro, J. Org. Chem. 1963, 28, 3313;  (b) 

C. E. Castro; R. Havlin; V. K. Honwad; A. M. Malte; S. W. Moje, J. 

Am. Chem. Soc. 1969, 91, 6464. 

24. S. K. Gurung; S. Thapa; A. Kafle; D. A. Dickie; R. Giri, Org. Lett. 

2014, 16, 1264. 

25. S. Thapa; S. K. Gurung; D. A. Dickie; R. Giri, Angew. Chem. Int. Ed. 

2014, 53, 11620. 

26. (a) J. R. Behling; K. A. Babiak; J. S. Ng; A. L. Campbell; R. Moretti; 

M. Koerner; B. H. Lipshutz, J. Am. Chem. Soc. 1988, 110, 2641;  (b) 

J. R. Behling; J. S. Ng; K. A. Babiak; A. L. Campbell; E. Elsworth; 

B. H. Lipshutz, Tetrahedron Lett. 1989, 30, 27. 

27. H. K. Hofstee; J. Boersma; G. J. M. Van Der Kerk, J. Organomet. 

Chem. 1978, 144, 255. 

28. (a) T. Ohishi; M. Nishiura; Z. Hou, Angew. Chem. Int. Ed. 2008, 47, 

5792;  (b) A. M. Whittaker; R. P. Rucker; G. Lalic, Org. Lett. 2010, 

12, 3216. 

29. P. Wipf, Synthesis 1993, 1993, 537. 

30. (a) H.-Q. Do; R. M. K. Khan; O. Daugulis, J. Am. Chem. Soc. 2008, 

130, 15185;  (b) C. Chen; C. Xi; Y. Jiang; X. Hong, J. Am. Chem. 

Soc. 2005, 127, 8024;  (c) W. Geng; J. Wei; W.-X. Zhang; Z. Xi, J. 

Am. Chem. Soc. 2013, 136, 610;  (d) B. H. Lipshutz; E. L. Ellsworth, 

J. Am. Chem. Soc. 1990, 112, 7440;  (e) B. H. Lipshutz; M. R. Wood, 

J. Am. Chem. Soc. 1993, 115, 12625;  (f) R. M. Gschwind, Chem. 

Rev. 2008, 108, 3029. 

31. For other ways to generate organocopper(I) species, see: (a) G. W. 

Ebert; W. L. Juda; R. H. Kosakowski; B. Ma; L. Dong; K. E. 

Cummings; M. V. B. Phelps; A. E. Mostafa; J. Luo, J. Org. Chem. 

2005, 70, 4314;  (b) R. J. Van Hoveln; S. C. Schmid; J. M. 

Schomaker, Org. Biomol. Chem. 2014, 12, 7655. 

32. (a) J. Terao; H. Todo; S. A. Begum; H. Kuniyasu; N. Kambe, Angew. 

Chem. Int. Ed. 2007, 46, 2086;  (b) C.-T. Yang; Z.-Q. Zhang; J. 

Liang; J.-H. Liu; X.-Y. Lu; H.-H. Chen; L. Liu, J. Am. Chem. Soc. 

2012, 134, 11124. 

33. C.-T. Yang; Z.-Q. Zhang; Y.-C. Liu; L. Liu, Angew. Chem. Int. Ed. 

2011, 50, 3904. 

34. (a) S. K. Gurung; S. Thapa; A. S. Vangala; R. Giri, Org. Lett. 2013, 

15, 5378;  (b) Y. Zhou; W. You; K. B. Smith; M. K. Brown, Angew. 

Chem. Int. Ed. 2014, 53, 3475. 

35. (a) F. C. Anson; T. J. Collins; T. G. Richmond; B. D. Santarsiero; J. 

E. Toth; B. G. R. T. Treco, J. Am. Chem. Soc. 1987, 109, 2974;  (b) 

A. Casitas; A. E. King; T. Parella; M. Costas; S. S. Stahl; X. Ribas, 

Chem. Sci. 2010, 1, 326;  (c) S. H. Bertz; S. Cope; M. Murphy; C. A. 

Ogle; B. J. Taylor, J. Am. Chem. Soc. 2007, 129, 7208;  (d) E. R. 

Bartholomew; S. H. Bertz; S. Cope; M. Murphy; C. A. Ogle, J. Am. 

Chem. Soc. 2008, 130, 11244;  (e) L. M. Huffman; S. S. Stahl, J. Am. 

Chem. Soc. 2008, 130, 9196;  (f) Z.-L. Wang; L. Zhao; M.-X. Wang, 

Org. Lett. 2012, 14, 1472. 

36. M. Wang; Z. Lin, Organometallics 2010, 29, 3077. 

37. G. Cahiez; O. Gager; J. Buendia, Angew. Chem. Int. Ed. 2010, 49, 

1278. 

38. M. S. Kharasch; C. F. Fuchs, J. Org. Chem. 1945, 10, 292. 

39. M. Tamura; J. Kochi, Synthesis 1971, 1971, 303. 

40. G. H. Posner; C. E. Whitten; J. J. Sterling, J. Am. Chem. Soc. 1973, 

95, 7788. 

41. R. Shimizu; E. Yoneda; T. Fuchikami, Tetrahedron Lett. 1996, 37, 

5557. 

42. D. H. Burns; J. D. Miller; H.-K. Chan; M. O. Delaney, J. Am. Chem. 

Soc. 1997, 119, 2125. 

43. G. Cahiez; C. Chaboche; M. Jézéquel, Tetrahedron 2000, 56, 2733. 

Page 11 of 13 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

12 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

44. H. K. Black; D. H. S. Horn; B. C. L. Weedon, J. Chem. Soc. 1954, 

1704. 

45. J. Terao; A. Ikumi; H. Kuniyasu; N. Kambe, J. Am. Chem. Soc. 2003, 

125, 5646. 

46. E. Piers; T. Wong, J. Org. Chem. 1993, 58, 3609. 

47. G. D. Allred; L. S. Liebeskind, J. Am. Chem. Soc. 1996, 118, 2748. 

48. J. R. Falck; R. K. Bhatt; J. Ye, J. Am. Chem. Soc. 1995, 117, 5973. 

49. S.-K. Kang; J.-S. Kim; S.-C. Choi, J. Org. Chem. 1997, 62, 4208. 

50. J.-H. Li; B.-X. Tang; L.-M. Tao; Y.-X. Xie; Y. Liang; M.-B. Zhang, 

J. Org. Chem. 2006, 71, 7488. 

51. H. Ito; H.-o. Sensui; K. Arimoto; K. Miura; A. Hosomi, Chem. Lett. 

1997, 26, 639. 

52. S. K. Gurung; S. Thapa; B. Shrestha; R. Giri, Synthesis 2014, 46, 

1933. 

53. L. Cornelissen; M. Lefrancq; O. Riant, Org. Lett. 2014, 16, 3024. 

54. (a) A. Tsubouchi; D. Muramatsu; T. Takeda, Angew. Chem. Int. Ed. 

2013, 52, 12719;  (b) H. Taguchi; A. Tsubouchi; T. Takeda, 

Tetrahedron Lett. 2003, 44, 5205. 

55. T. Takeda; R. Matsumura; H. Wasa; A. Tsubouchi, Asian J. Org. 

Chem. 2014, 3, 838. 

56. L. Cornelissen; V. Cirriez; S. Vercruysse; O. Riant, Chem. Commun. 

2014, 50, 8018. 

57. M. B. Thathagar; J. Beckers; G. Rothenberg, J. Am. Chem. Soc. 2002, 

124, 11858. 

58. M. B. Thathagar; J. Beckers; G. Rothenberg, Adv. Synth. Catal. 2003, 

345, 979. 

59. J. Mao; J. Guo; F. Fang; S.-J. Ji, Tetrahedron 2008, 64, 3905. 

60. J.-H. Li; J.-L. Li; D.-P. Wang; S.-F. Pi; Y.-X. Xie; M.-B. Zhang; X.-

C. Hu, J. Org. Chem. 2007, 72, 2053. 

61. J.-H. Li; J.-L. Li; Y.-X. Xie, Synthesis 2007, 2007, 984. 

62. S. Wang; M. Wang; L. Wang; B. Wang; P. Li; J. Yang, Tetrahedron 

2011, 67, 4800. 

63. W. You; M. K. Brown, J. Am. Chem. Soc. 2014, 136, 14730. 

64. H. S. P. Rao; A. V. B. Rao, Eur. J. Org. Chem. 2014, 2014, 3646. 

65. G. Cahiez; S. Marquais, Synlett 1993, 1993, 45. 

66. G. Cahiez; S. Marquais, Pure Appl. Chem. 1996, 68, 53. 
  

Page 12 of 13Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 13  

Graphical Table of Content (TOC) 

 

 

 

Page 13 of 13 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


