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played a key role as reactive species in the formation of C–CF3 bond-forming 
reactions. This Short Review covers not only select examples of relevant Cu-
mediated or catalyzed nucleophilic trifluoromethylation reactions, one of the 
most active fields in organic synthesis, but also provides a comprehensive 
picture of the real behavior of these copper species, including ubiquitous 
cuprates, in the reaction media. 
 
1 Introduction 
2 Historical perspective of the identification of relevant 

trifluoromethyl copper(I) species 
3 In-situ generation of active trifluoromethyl copper(I) species 
4 Well defined active trifluoromethyl copper(I) complexes 
5 Recent advances on the reactivity of different trifluoromethylation 

protocols 
6 Conclusions                                                                                    

               

 
Key wordsKey wordsKey wordsKey words trifluoromethylation, copper, ate-type complexes, catalysis, 
organometallic chemistry     

 

1 Introduction  

The trifluoromethyl group is a prevalent motif in 

pharmaceuticals, agrochemicals and materials due to its unique 

capability to change physical, chemical and biological properties 

of organic molecules.1 Thus, over the past years, the scientific 

community has directed its efforts towards the development of 

rapid and efficient strategies to install this privileged functional 

group onto organic scaffolds.2 In this context, a tremendous 

success has been achieved by using copper as mediator. Back in 

the 60s, McLoughlin and Thrower reported a pioneering work 

that allowed, for the first time, the perfluoroalkylation of 

haloarenes involving Cu-Rf species.3  Since then, different types of 

trifluoromethyl copper organometallic complexes, ranging from 

in-situ generated “CuCF3” species to well-defined Cu(I) 

trifluoromethyl complexes, have been proposed to play a key role 

as intermediates in C–CF3 bond-forming reactions.2b,e,g,4 
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Scheme 1Scheme 1Scheme 1Scheme 1 Representative nucleophilic trifluoromethylation reactions 

mediated by copper 

 

This Short Review not only revisits selected and relevant 

examples of nucleophilic trifluoromethylation reactions 

involving trifluoromethyl copper(I) species but also gives an 

organometallic perspective of overlooked aspects related to 

these transformations where, in general, there is a lack of 

fundamental understanding (Scheme 1). This is likely to the 

potential involvement of different copper species as reaction 

intermediates, including neutral and ionic complexes, 

(cat)[Cu(CF3)X], X = halogen or CF3, whose characterization is far 

from being trivial.4a-e In this regard, the real role of cuprates, 

ubiquitous in Cu-mediated nucleophilic trifluoromethylations, 

remains practically unexplored, due to the challenges associated 

to their selective access in solution. Moreover, the scarce piece of 

information about them is disseminated among the literature 

and, sometime, shallowly mentioned. For this reason, we decided 

to focus our attention on both the preparation and the synthetic 

utility of the so-called “ligandless” in-situ generated [CuCF3] and 

the well-defined trifluoromethyl copper(I) complexes specially 

when the cuprates are explicitly mentioned. From our point of 

view, these often-neglected cuprates could potentially be non-

innocent spectators in the reaction and therefore, we will end up 

this Short Review by discussing our recent contributions into this 

field. 5 

2 Historical Perspective of the identification of 

relevant trifluoromethyl copper(I) species 

As mentioned above, one of the main challenges associated to Cu-

catalyzed or mediated nucleophilic trifluoromethylation 

reactions is the characterization of the copper species present in 

solution. In order to facilitate reading comprehension, we 

decided to start this Short Review covering, in chronological 

order, the literature precedents focused on the identification of 

the different trifluoromethyl copper species relevant for these 

transformations (Scheme 2).  

In 1986, Burton et al. described for the first time that the in-situ-

formed mixture of “ligandless” [CuCF3] contained elusive and 

complex species whose characterization was non-trivial.6 

Initially, the authors observed a “ligandless” CuCF3 species ( = –

28.8 ppm) by 19F NMR spectroscopy when they performed the 

reaction between CuBr and CF3CdX in DMF at –50 °C However, 

when the solution was warmed up, two new species were 

detected ( = –32.3 and –35.5 ppm). These three “CuCF3” species 

show remarkably different reactivity towards air-oxidation, 

trifluoromethylation and hydrolysis. In 1989, the same research 

group performed further studies in order to provide a better 

understanding of the nature of the copper species involved in the 

“ligandless” [CuCF3].7 This was the first time that species such as 

(CdI)[Cu(CF3)2] or (Cd)[Cu(CF3)I] (named in the paper as CuCF3·L 

L = metal halide) was proposed to be part of the “ligandless” 

[CuCF3]. However, it was not until 2008, when Kolomitsev et al. 

confirmed that the term “ligandless” [CuCF3] was an 

oversimplification. During the in-situ generation of [CuCF3] by 

reaction of CuBr, KF and Me3SiCF3 in DMF/DMI as solvent at 0 °C 

they observed that copper was speciated in three different 

complexes: CuCF3-solvent, [Cu(CF3)2]– and [Cu(CF3)4]– exhibiting 

three singlets in the 19F NMR spectrum: –28.8 ppm; –32.3 ppm 

and –35.5 ppm, respectively. Further investigations revealed that 

the signal at –35.5 ppm belongs to [Cu(CF3)4]–, a Cu(III) complex, 

inert towards the activation of aryl halides.8  

In 1988, Parker and co-workers reported the aromatic 

trifluoromethylation via decarboxylation of sodium 

trifluoromethyl carboxylates. In this work, the authors 

performed mechanistic studies that pointed out the intermediacy 

of a nucleophilic species, that they assigned as a heteroleptic 

cuprate [Cu(CF3)I]–.9 A year later, the same heteroleptic cuprate 

was proposed to be involved in the trifluoromethylation of aryl, 

alkenyl and alkyl halides when using CuI and a new 

trifluoromethyl source, methyl fluorosulphonyldifluoroacetate.10 

However, the first time that this specie was characterized by 19F 

NMR was in 2011, by Goossen et al., [Cu(CF3)I]– ( = –28.14 ppm). 

11 

The observation of multiple copper species is not only found in 

the in-situ synthetic routes but also when using the well-defined 

complexes. In these cases, it has been observed that the neutral 

LCu(CF3) (L = SIMes, phenanthroline) are in dynamic equilibrium 

with the corresponding cuprate (L2Cu)[Cu(CF3)2], which are 

inevitablely part of the synthesized “trifluoromethylating 

agent”.4c-e 



    

 

 

Scheme Scheme Scheme Scheme 2222 Timeline representing the highlights of the copper nucleophilic 

trifluoromethylation reaction 

 

3 In-situ generation of active trifluoromethyl 

copper(I) species  

In this section, we will describe selected examples of synthetic 

routes for accessing in-situ generated trifluoromethyl copper(I) 

species and their applications in the synthesis of 

trifluoromethylated organic scaffolds (Scheme 3). We have 

organized this section based on the nature of the source that 

provides the nucleophilic CF3 reagent to the copper: (i) 

fluoroform; (ii) trifluoromethylated organic sources as 

nucleophilic CF3 synthons and (iii) other trifluoromethyl 

organometallic complexes that act as CF3 shuttle through a 

transmetalation step. It should be highlighted that the commonly 

named [CuCF3] refers to the complex mixture of copper species 

described above, which includes the presence of cuprates. 

 

Scheme Scheme Scheme Scheme 3333 Procedures to generate in-situ [CuCF3] 

3.1 Fluoroform as synthetic equivalent of CF3
– 

Fluoroform is the ideal synthetic equivalent of the CF3– synthon. 

It is cheap, readily available and a side product of the synthesis of 

Teflon® which makes its use even more interesting. Furthermore, 

fluoroform is a weak acid that can be deprotonated by strong 

bases.12 The first time that HCF3 was utilized in the preparation 

of [CuCF3] was reported in 2000, by Folléas and co-workers.13 

They described the in-situ synthesis of the potassium 

trifluoromethylated aminoalcoholate (K)[Me2NCH(O)CF3] using 

CF3H and Dimsyl-K (potassium methylsulfinylmethylide) in DMF 

at –40 °C.  This aminoalcoholate reacted with copper iodide and 

a stabilizing reagent such as DMEU (Dimethylol ethylene urea) to 

give rise a new tetrahedral intermediate that evolved at room 

temperature into [CuCF3] (47%) and N,N-dimethylformamide 

(Scheme 4a). The transference of the CF3 in the copper 

trifluoromethyl aminoalcoholate is crucial for the reaction to 

proceed as described in a tentative mechanism shown in Scheme 

4b. They observed by 19F NMR spectroscopy two different 

species: :  = –25 ppm, presumably (DMF)CuCF3 and  = –30 ppm 

[Cu(CF3)I]– and both could be involved in the formation of the 

trifluoromethylated product. 

 

Scheme Scheme Scheme Scheme 4444 a) Formation of [CuCF3] using HCF3 and Dimsyl-K (See Ref. 13 for 

further details). b) Proposed species in the reaction media during the 

trifluoromethylation reaction 

In 2011, Grushin et al. disclosed the direct cupration of 

fluoroform. This involves the formation of trifluoromethyl 

copper(I) complex using HCF3 without the necessity of organic 

intermediates. This groundbreaking synthesis was achieved by 

using a novel ate-type complex, [K(DMF)][Cu(OtBu)2], that 

instantaneously reacts with HCF3 to yield [CuCF3] almost 

quantitatively.4f,14 This complex is stable at –35 °C for days after 

treatment with Et3N·3HF, affording solutions of [CuCF3] (95% 

yield) as a mixture of (DMF)CuCF3 (85%) and [Cu(CF3)2]– (10%) 

by 19F NMR analysis (Scheme 5). This solution could be used in 

the trifluoromethylation of organometallic species, affording  

(IPr)CuCF3 or [(TMEDA)Pd(Ph)CF3], and organic electrophiles. In 

this regard, the authors were able to functionalize methyl iodide, 

different aryl iodides, bearing electron-donating and -

withdrawing substituents, and selected heteroaryl iodides.  
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Scheme Scheme Scheme Scheme 5555 Cupration of fluoroform and representative examples of its 

applicability (see Ref. 4f and 14 for further details)  

In 2014, the same research group performed an exhaustive 

experimental and computational study, in order to unravel the 

mechanism of the nucleophilic Cu-mediated trifluoromethylation 

using (DMF)CuCF3 as model system.4i Up until that date, only 

scarce mechanistic hints could be found in the literature: i) the 

common rate trend when using different aryl halides (Ar–I > Ar–

Br > Ar–Cl); ii) the prevalent employment of DMF as solvent and 

iii) the use of radical clock experiments that discarded a radical 

mechanism4c. In this venue, Grushin provided relevant 

information to the field. The most likely scenario involved an 

associative oxidative addition (OA), which is the rate determining 

step, of the aryl halide to the (DMF)CuCF3 complex and, 

subsequently, the reductive elimination (RE) from the Cu(III) 

intermediate. This proposal is supported by the Hammett plot 

correlation (p-,  positive) and DFT calculations, which agreed 

with the experimental activation parameters (G‡exp ≈ 24 

kcal/mol vs G‡DFT = 21.9 kcal/mol). Moreover, the ortho effect 

was also investigated. Two parameters were found to be 

important in the performance of the reaction with ortho 

substitution pattern: the coordination of the substituent to the 

copper center, which facilitates the oxidative addition transition 

state, and the destabilization of the organic substrate by the 

ortho-substituent respect to their para isomers. The same 

correlation was found in coinage metal-mediated 

decarboxylation reactions.15  

Further computational investigations were performed to 

evaluate other potential active species in the 

trifluoromethylation. The oxidative addition of the substrate 

towards [Cu(CF3)2]– or [Cu(CF3)I]– are less prompted to take 

place. However, this computational data was not supported by 

experimental evidences and little was known at that time about 

the potential reactivity of these cuprates due to the lack of a 

selective synthetic route for accessing them (see Section 5). 

3.2 Trifluoromethyl organic sources of nucleophilic 

trifluoromethyl synthon 

The use of trifluoroacetic acid derivatives as CF3 source for 

accessing trifluoromethyl copper(I) species has been widely 

studied due to their availability and convenience (Scheme 6) . In 

this regard, Kondo and co-workers applied this synthetic route 

for the first time in the decarboxylative trifluoromethylation 

reaction of aryl iodides by combining sodium trifluoroacetate 

and CuI.9a Later, in 1988, Chambers et al. expanded this 

methodology to aryl bromides, heteroaryl iodides and vinyl 

bromides.9b Interestingly, in this work they proposed the likely 

intermediacy of [Cu(CF3)I]– since Hammett plot studies pointed 

out the nucleophilic character of the active species. Although, 

these pioneering works have inspired the use of other 

trifluoromethylated acetates, in all the cases harsh conditions are 

required to decarboxylate the corresponding salt.16 The 

commonly accepted mechanistic scenario involves the formation 

of nucleophilic [CuCF3] as reactive intermediates.17 

 

Scheme Scheme Scheme Scheme 6666 Examples of synthesis of [CuCF3] using organic sources 

An alternative to the direct decarboxylation of 

trifluoromethylated acetates is the use of a difluoromethylene 

moiety as a ‘masked’ CF3– synthon (Scheme 6). In this venue, it is 

worth mentioning the important contribution by Chen and co-

workers who, back in 1989, uncovered a route to access 

trifluoromethyl copper(I) complexes by sequential 

decarboxylation and SO2 extrusion of methyl 

fluorosulphonyldifluoroacetate.10 This trifluoromethylating 

agent is activated at 60 °C and it is compatible with catalytic 

amounts of copper. Initially, the authors hypothesized the 

formation of difluorocarbene as intermediate but their attempts 

to trap it, using alkenes as acceptors, failed. Then, they proposed 

the formation of a heteroleptic cuprate, [Cu(CF3)I]–, as the 

reactive species  in the nucleophilic trifluoromethylation reaction 

(see Section 2). The same group reported in 2016 an alternative 

route to prepare [CuCF3] through a 

decomposition/comproportionation sequence starting from 

Cu(FO2SCF2CO2)2 and elemental copper (Scheme 7).18 This new 

CF3 source is more efficient than the previous one for the 

trifluoromethylation of aryl and heteroaryl iodides. In order to 

gain mechanistic insights on the nature of the reactive species, 

the authors monitored the reaction of Cu(FO2SCF2CO2)2 and Cu in 

DMF by 19F NMR spectroscopy. Although at the beginning of the 

reaction only [Cu(CF3)2]– was detected, over time (DMF)Cu(CF3) 

was also observed. The proposed mechanism for the generation 

of the active copper species is depicted in Scheme 7. Other less 

used CF3 sources for the in-situ generation of [CuCF3] is 

HalCF2CO2Me in combination with an external fluoride source 

(Scheme 6).19 

 

Scheme Scheme Scheme Scheme 7777 Mechanism of the trifluoromethylation using Cu(FO2SCO2)2 and Cu 

(See Ref. 18 for further details) 

Another alternative to the decarboxylative route is the 

combination of trifluoromethyl ketones, sulfone20 or sulfoxide 

and a strong organic base such as tert-butoxides. In this context, 

Mikami et al. studied the mechanism of the generation of the 

trifluoromethyl copper(I) complexes starting from a pre-formed 

K[Cu(OtBu)2] and trifluoromethyl aryl ketones.21 Strikingly, 

tetrahedral intermediates (Scheme 8a) were detected at –30 °C 

by 19F NMR spectroscopy and the evolution of the reaction 

towards [CuCF3] was described when warming up the reaction 

mixture. 



    

 

Regarding trifluoromethylsulfoxides as CF3 source, in 2015, Hu 

and co-workers developed a methodology for the 

trifluoromethylation of aryl halides, activated aryl bromides, 

terminal alkynes and aryl boronic acids.22 The reaction mixture 

of CuCl, KOtBu and PhSOCF3 in DMF gave rise to a 99% yield of 

[CuCF3] as a mixture of (DMF)CuCF3 (89%) and [Cu(CF3)2]– 

(10%).  As it was previously described by Grushin, the addition 

of Et3N·3HF could stabilize the [CuCF3] species increasing the 

amount of the cuprate salt (the proportion in this case is not 

mentioned).  

  

Scheme Scheme Scheme Scheme 8888 a) Formation of ketones as CF3 source (see Ref. 21 for further 

details). b) Trifluoromethylation of aryl halides, terminal alkynes and aryl 

boronic acids using [CuCF3] generated from phenyl trifluoromethyl sulfoxide 

(see Ref. 22 for further details). c) Mixture of species represented by [CuCF3]  

3.3 Transmetalation 

In this section, we have considered the CF3 exchange from a 

trifluoromethyl organometallic species to copper. We have 

divided them in three categories: (i) transition metals;23 (ii) 

silanes and stannanes and finally (iii) boron-containing species.  

 

3.3.1 Transition metals  

The first example of the formation of [CuCF3] by a group transfer 

from a trifluoromethyl metal complex to copper was reported by 

Yagupolskii and co-workers using Hg(CF3)2 or Hg(CF3)I.24 This 

early report was applied in the activation of aliphatic, aromatic 

and heterocycles molecules. In 1985, Burton et al prepared 

different trifluoromethylated zinc and cadmium complexes such 

as M(CF3)nX2-n that could transfer its CF3 moiety to copper.25 This 

mixture of [CuCF3] species was able to activate iodobenzene 

forming trifluorotoluene in 80% yield. In 1989, Burton et al. 

proposed the presence of (CdI)[Cu(CF3)2]  and (Cd)[Cu(CF3)I] in 

the reaction mixture.7a In general, the CF3 transfer to copper(I) 

salts from Cd-complexes is faster than from Zn-complexes.26 

However, due to practical reasons, zinc has been more exploited 

as starting material in this type of methodologies (Scheme 9).  

 

Scheme Scheme Scheme Scheme 9999 Examples of synthesis of [CuCF3] using different transition metals 

In 2011, Daugulis et al. introduced an interesting approach to this 

field: the arylation of readily available 1H-perfluoroalkanes by its 

deprotonation with a metal base such as TMP2Zn (TMP = bis-

2,2,6,6-tetramethylpiperidide) using catalytic amounts of copper 

and phenanthroline as ligand (Scheme 10a).27 In the 

transmetalation reaction from Zn to Cu, a mixture of 

pentafluoroethyl copper complexes including heteroleptic and 

homoleptic cuprates was again observed by 19F NMR. The 

proposed reaction mechanism involved an initial deprotonation 

of the perfluoroalkane by the zinc amide base. After that, the 

transmetalation to CuCl takes place. Interestingly, they proposed 

that this event could be the turnover-limiting step when using 

certain perfluoroalkyl sources. Thus, once this reaction happens, 

the cuprates can react with the aryl iodide directly or through 

neutral species (Scheme 10b). The scope was quite limited in 

terms of trifluoromethylated products obtaining only one 

example in moderate yield (51%). However, products decorated 

with perfluoroalkylated chains were generated in good yields. 

 

Scheme 1Scheme 1Scheme 1Scheme 10000 a) Perfluoroalkylation of aryl halides (See Ref. 27 for further 

details). b) Proposed reaction mechanism 

Later, in 2013, Mikami described the trifluoromethylation of aryl 

and heteroaryl iodides catalyzed by copper(I) salt and 

phenanthroline using Zn(CF3)I, prepared in-situ from 

trifluoromethyl iodide and Zn dust in DMPU (1,3-dimethyl-

3,4,5,6-tetrahydro-2-(1H)pyrimidone).28 The methodology was 

not successful when using electron-donating substituents in the 

aryl iodides (scheme 11a). In order to gain insight into each step 

of the Cu-catalyzed Zn-mediated trifluoromethylation, they 

performed a 19F NMR spectroscopic analysis, observing a Schlenk 

equilibrium of Zn(CF3)I with Zn(CF3)2 and ZnI2. The addition of 

CuI to this solution resulted in the transmetalation of the CF3 

group from zinc to copper observing two singlet peaks of the 

cuprate species, [Cu(CF3)I]– and [Cu(CF3)2]– (scheme 11b). In this 

case, the neutral (DMPU)CuCF3 species ( ≈ −26 ppm), was not 

observed. The addition of aryl iodide to this mixture led to the 

formation of the trifluoromethyl organic molecule with the 

consumption of the cuprates [Cu(CF3)I]– and [Cu(CF3)2]–. The 

non-efficient and complex transmetalation reaction complicates 

the mechanistic picture and the real potential of both cuprate 

species in the trifluoromethylation of aryl halides was not clearly 

disclosed. In 2015, the same group provided a mechanistic 



    

 

proposal for the trifluoromethylation of aryl and heteroaryl 

iodides using isolated Zn(CF3)2(DMPU)2, involving a CuI/III 

catalytic cycle (scheme 11c).29 Again, the impossibility to access 

selectively the copper species prevented the study of their real 

role in the trifluoromethylation reaction. 

 

Scheme Scheme Scheme Scheme 11111111 a) Cu-catalyzed Zn-mediated trifluoromethylation of aryl halides 

(See Ref. 28 for further details). b) Species in the transmetalation reaction. c) 

Cu-catalyzed Zn-mediated trifluoromethylation of aryl halides using isolable Zn 

reagents (See Ref. 29 for further details). d) Proposed reaction mechanism 

3.3.2 R3MCF3 (M = Si, Sn) 

Among the different nucleophilic trifluoromethylating sources, 

trifluoromethyltrimethylsilane (Me3SiCF3), 

trifluoromethyltriethylsilane (Et3SiCF3) and 

tributyl(trifluoromethyl)stannane (Bu3SnCF3) have 

demonstrated their efficiency in combination with activators 

such as fluorides or tert-butoxide salts. It is noteworthy to 

mention that the most widely used Ruppert-Prakash reagent 

(Me3SiCF3) is utilized not only for the in-situ formation of 

“ligandless” [CuCF3] species but also to synthesize well-defined 

trifluoromethyl copper(I) complexes (see Section 4). 

In 1991, Fuchikami et al. applied for the first time the 

introduction of a CF3 group onto organic halides using CuI,  

Et3SiCF3 and KF.30 In 2009, the same reaction was reported in a 

catalytic version using diamine ligands to favor the solubility of 

the CuI and accelerate the transference of the CF3 moiety before 

its decomposition.31 This elegant approach led to different 

trifluoromethylation protocols using copper as catalyst and 

silanes as the CF3 source.32   

Later, in 2012, Hu and co-workers reported the use of Me3SiCF3 

in the preparation of [CuCF3] for the trifluoromethylation of a 

wide variety of -diazo esters containing aryl, benzyl, or other 

alkyl substituent in moderate to excellent yield. (See Scheme 

12a).33 To gain more insights into the reaction mechanism, they 

tentatively described the composition of [CuCF3] species by 19F 

NMR spectroscopy. Their proposal involves the activation of 

[Cu(CF3)I]– by water, which scavenges the I– forming a hydrated 

iodide ion, affording CuCF3·diazoester, the proposed active 

species (See Scheme 12b). Their hypothesis was supported by the 

decrease on the reaction efficiency when less amount of water 

(<10 equiv) is used or external KI is added. Remarkably, they also 

described that the amount of [CuI2]– can affect the chemical shift 

of [Cu(CF3)I]– species. Thus, they suggested that a more 

appropriate way to denominate these species would be 

{[Cu(CF3)I]x}x– {[CuI2]y}y.  

 

Scheme 1Scheme 1Scheme 1Scheme 12222 a) Scope and reaction conditions for the nucleophilic 

trifluoromethylation of -diazoesters (See Ref. 33 for further details). b) 

Proposed mechanism for nitrogen extrusion and C–C bond formation  

The broad applicability of Me3SiCF3 has allowed a shift in the 

paradigm of traditional trifluoromethylation methodologies 

based on cross-coupling concepts towards oxidative 

trifluoromethylation reactions. This concept allows the 

connection of nucleophilic CF3 with other nucleophiles under 

oxidative conditions.34 In 2010, Qing et al. reported the first 

example of the coupling of the Ruppert-Prakash reagent and 

boronic acids or alkynes in the presence of [Cu(OTf)]·C6H6 or 

CuI/phen, respectively (Scheme 13).35 In 2012, the same 

research group reported the catalytic version of the aerobic 

oxidative trifluoromethylation of terminal alkynes.36  

 

Scheme 1Scheme 1Scheme 1Scheme 13333 General schematic for the oxidative trifluoromethylation of boronic 

acids and terminal alkynes (See Ref. 34-35 for further details) 

Interestingly, the authors pointed out the necessity of a slow 

addition of Me3SiCF3 to the reaction mixture in order to avoid the 

decomposition of the silane before the CF3 fragment is 

transferred to the copper center. This step was limited by the 

slow recovering of the copper catalyst. In this regard, in 2013, 

Maseras and Jover proposed, based on DFT calculations, the 

reductive elimination as the rate-determining step of the 

oxidative trifluoromethylation, supporting the challenges 

associated to the catalyst recovering (Scheme 14).37 

Further mechanistic investigations using electrospray-ionization 

mass spectrometry (ESI-MS) by Koszinowski et al. aimed to shed 



    

 

light into the nature of the intermediates involved in these 

transformations.38 In the absence of the alkyne component, the 

homoleptic ate-type complexes [Cu(CF3)2]– and [Cu(CF3)4]–  were 

detected from the mixture of CuI, KF and Me3SiCF3 in different 

solvents such as acetonitrile, tetrahydrofurane or N,N-dimethyl-

formamide. Remarkably, when using the alkynes, the authors 

detected copper(III) species such as [Cu(CF3)3R]–, presumably 

the intermediate involved in the reductive elimination step. In 

the presence of N,N-bidentate-ligands, the authors were able to 

discard the intermediacy of [(N,N)Cu(CF3)R]– in the oxidative 

process based on the unfruitful attempts to detect them even 

when modifying the ancillary ligand. Despite this remarkable 

mechanistic hint, a neutral N,N-bidentate-ligand-based 

mechanism, such as the one proposed by Maseras, could be 

simultaneously taking place and being overlooked using ESI MS 

techniques. 

 

Scheme 1Scheme 1Scheme 1Scheme 14444 a) Mechanistic proposals for the oxidative coupling of terminal 

alkynes and the trifluoromethyl moiety. b) Key intermediates proposed by 

Maseras based on DFT calculations  

Regarding the employment of stannanes, in 2012, Shoenebeck et 

al. presented a new methodology combining Bu3SnCF3, as CF3 

source, and CuI/KF for the nucleophilic trifluoromethylation of 

aryl iodides (Scheme 15).39 The authors explained that the 

trifluoromethylation reaction is performed by CuCF3·KBr and 

[Cu(CF3)2]– based on 19F NMR spectroscopy. In addition, radical 

mechanisms were discarded based on the lack of rearranged 

product when using radical clock substrates. In this interesting 

piece of work, although the complete mechanistic scenario for the 

formation of the C–C was not deeply discussed, a comparison 

between Me3SiCF3 and Bu3SnCF3 as transmetalating agents is 

presented. The transmetalation is faster in the case of the 

Ruppert-Prakash reagent but the overall performance in the 

trifluoromethylation of aryl iodides is quite similar. Regarding 

the scope, there is no a big difference between the use of the 

silane or stannane. However, the trifluoromethyl silanes has been 

by far more studied than the stannane and, therefore, more 

information can be found in the literature. 

 

Scheme 1Scheme 1Scheme 1Scheme 15555 Comparative study between Me3SiCF3 and Bu3SnCF3 in the 

transmetalation reaction and mechanistic proposals (see Ref. 39 for further 

details) 

3.3.3 Borates and borazines 

In 2011, Goossen et al. disclosed the capability of potassium 

(trifluoromethyl)trialkoxyborates as nucleophilic CF3 sources in 

Cu-catalyzed trifluoromethylation reactions (Scheme 14a).11,40 

During their stoichiometric experiments they detected the 

formation of the heteroleptic cuprate [Cu(CF3)I]– when mixing 

the potassium (trifluoromethyl)trimethoxyborate and equimolar 

amounts of CuI in DMF at room temperature (Scheme 14b). The 

catalyzed version was achieved by using 1,10-phenantroline as 

ligand, that it is proposed to increase the nucleophilicity of the 

metal center. This is subsequently translated into an acceleration 

of the -bond metathesis step and, therefore, in a fast recovering 

of the copper catalyst (Scheme 14c). The scope of this reaction 

allowed the incorporation of trifluoromethyl group in good yields 

in aryl iodides bearing electron-rich and -poor substituents. 

 

Scheme 1Scheme 1Scheme 1Scheme 16666 a) Cu-catalyzed trifluoromethylation of aryl halides using potassium 

(trifluoromethyl)trialkylborates as CF3 source (See Ref. 40 for further details). 

b) Transmetalation reaction. c) Proposed reaction mechanism  

In 2018, Szymczak and co-workers presented an interesting 

strategy for the introduction of a CF3 group into different 

inorganic electrophiles using a fluoroform-derived borazine 

(Scheme 17).41 In particular, the reaction of CuI and borazine-CF3 

in DMSO gives rise a mixture of (DMSO)CuCF3 (19%) and 

[Cu(CF3)I]– (63%) that reacts with 4-iodobiphenyl at 80 °C during 

12 hours forming the trifluoromethyl organic molecule in 66% 

yield. 

 

Scheme 1Scheme 1Scheme 1Scheme 17777 a) Transmetalation reaction from borazine to copper and the 

trifluoromethylation reaction of 4-iodobiphenyl (See Ref. 41 for further details)  



    

 

4 Well-defined active trifluoromethyl copper(I) 

species  

Over the past decade, different literature precedents have 

demonstrated the exceptional activity of well-defined LCu(CF3) 

complexes, supported by ancillary ligands, in stoichiometric 

nucleophilic trifluoromethylation reactions. Most of these 

neutral copper(I) complexes are in equilibrium in polar solvents 

with salts containing the bis-trifluoromethyl cuprate as anion. 

This is remarkable because the majority of these 

trifluoromethylation reactions, as it will be shown, are performed 

in DMF that shifts the equilibrium towards the ionic part.  

We have organized this section based on the nature of the 

ancillary ligand: (i) NHC-carbenes; (ii) bidentate nitrogen ligands 

and (iii) phosphines. We discuss their synthesis, substrate scope 

in the trifluoromethylation reactions and relevant mechanistic 

features. 

4.1 NHC-carbene copper (I) complexes 

In 2008, Vicic et al. disclosed, for the first time, the synthesis of a 

well-defined trifluoromethyl copper(I) complexes using 

carbenes (SIiPr or IPr) as ancillary ligands.4b These stabilized 

copper complexes were synthetized by the treatment of tert-

butoxide copper derivatives with Me3SiCF3, affording 

(SIiPr)Cu(CF3) in 91% yield and mixture of copper complexes for 

L = IPr (Scheme 18a). The authors tested their ability as 

trifluoromethylating agents, observing a higher activity when 

using the copper compound stabilized with the saturated ligand 

(SIiPr). They observed a dramatic solvent effect, being DMF 

crucial to enhance the reactivity of the trifluoromethylation 

reactions. Till that date, the employment of (SIiPr)CuCF3 or its in-

situ generation showed the best performance in 

trifluoromethylation protocols. However, the formation of 

trifluoromethylated products decorated with electron donating 

groups is limited when using this procedure. The same year, the 

scope of this methodology was extended to electron-rich aryl 

halides by the use of (SIMes)CuCF3 (ASIMes).4c Interestingly, in 

THF, this neutral complex is in equilibrium with an ionic part, 

[(SIMes)2Cu][Cu(CF3)2] (BSIMes) that was characterized, for the 

first time, by X-ray diffraction (Scheme 18b). The mixture of 

ASIMes and BSIMes, in neat aryl halide or using the solvent mixture 

benzene:DMI, exhibited a superior activity than the previously 

described employing (SIiPr)CuCF3 (they compare neat reaction 

conditions vs DMF). Kinetic studies suggested that (SIMes)CuCF3 

(ASIMes) exhibited a higher activity as trifluoromethylating 

reagent. However, since ASIMes and BSIMes are presented in the 

reaction media is challenging to univocally stablish the origin of 

this outstanding performance. 

  

Scheme 1Scheme 1Scheme 1Scheme 18888 a) Trifluoromethylating agents. b) Comparison of performance of 

different trifluoromethylating reagents  

4.2 (N^N) copper(I) complexes 

In 2011, Hartwig et al. described the synthesis of (phen)Cu(CF3) 

by the reaction of [CuOtBu]4 with 1,10-phenantroline, followed 

by the addition of Me3SiCF3.4d Although this species was 

previously proposed to be catalytically active in a seminal work 

of Amii et al., in that work there was not any experimental 

evidence of its formation.31 As described for [(SIMes)Cu(CF3)],  

(phen)Cu(CF3)  (Aphen) is in equilibrium with an ionic part, 

[(phen)2Cu][Cu(CF3)2] (Bphen), in different solvents such as 

dichloromethane, tetrahydrofurane and N,N-

dimethylformamide. Conductivity and spectroscopic techniques 

were used to confirm the stoichiometric of the salt. 

 

Scheme 1Scheme 1Scheme 1Scheme 19999 Equilibrium between (phen)CuCF3 and [(phen)2Cu][Cu(CF3)2] in 

different solvents 

The described protocol for the trifluoromethylation of aryl 

iodides afforded high yields of the desired products even when 

using electron-donating substituents. On the other hand, the 

trifluoromethylation of aryl bromides was shown to be 

challenging even using higher temperatures and electron-poor 

substrates. Regarding the mechanism, the use of radical clock 

experiments supported the absence of radicals during the 

transformation. The same research group has also reported the 

functionalization of heteroaryl bromides4k and the oxidative 

trifluoromethylation of arylboronate esters4g and aryl silanes4m 

(Scheme 20). The arylboronate esters are generated by the 

reaction of arenes or aryl bromides with B2pin2 using iridium or 

palladium catalysts, respectively. Then, the trifluoromethyl 

group replaces the boronate moiety in the aryl moiety under 



    

 

oxidative Chan-Lam-type conditions.42 This new one-pot 

methodology permitted not only the regioselective 

functionalization of arenes but also the expansion of the scope to 

aryl bromides. Regarding the aryl silanes, this new oxidative 

protocol was extended to pharmaceutically active molecules, 

inaccessible through other synthetic routes and using easily 

accessible starting materials.  It is worth mentioning that all the 

aforementioned described reactions were performed in DMF 

where there is a mixture Aphen: Bphen (0.01 M, 21:79 respectively). 

Therefore, the participation of both complexes as 

trifluoromethylating reagents could not be completely ruled out. 

Remarkably, the broad applicability of (phen)CuCF3 resulted in 

its commercialization, as Trifluoromethylator™.43 

 

Scheme Scheme Scheme Scheme 20202020 a) Different trifluoromethylation protocols using 

TrifluoromethylatorTM (See Ref. 4d,k,g,m for further details). b) Active 

molecules using aryl silanes as starting materials (ref 4m) a(isolated yield)  

4.3 Phosphine stabilized copper(I) complexes 

In 2011, Grushin et al. reported an exhaustive study on the 

straightforward preparation of (Ph3P)3Cu(CF3), previously 

described by Komiya et al.44  and (phen)Cu(PPh3)(CF3), 

analogous to Hartwig’s trifluoromethylator (see Scheme 21a).4e 

The later one is in equilibrium at room temperature with 

[(phen)2Cu][Cu(CF3)2] and PPh3 in CD2Cl2, analogous to the 

examples described by Vicic and Hartwig.4b-c Both complexes 

were exceptionally good as trifluoromethylating agents of aryl 

and heteroaryl iodides. In the case of (Ph3P)3Cu(CF3), the addition 

of additives such as phen, Bpy or tBu-bpy favored the reaction, 

hampering the formation of side products like HCF3 and 

PhCF2CF3. 

 

 

Scheme Scheme Scheme Scheme 21212121 a) Phosphine trifluoromethyl copper(I) complexes (See Ref. 4e for 

further details). b) Trifluoromethylation reaction using (Ph3P)3Cu(CF3) and 

(phen)Cu(PPh3)(CF3)  

 

5 Recent advances on the reactivity of different 

trifluoromethylation protocols  

In 2017, Vicic et al. published an interesting work that compares 

the performance of previously described copper systems 

(Scheme 22).45 In this report, the authors used as CF3 sources not 

only well-defined trifluoromethyl copper reagents but also in-

situ generated [CuCF3] by mixing CuI/TMSCF3/KF.4c-e,30 To that 

date, the described reaction conditions for the nucleophilic 

trifluoromethylation protocols were remarkably different 

hindering their comparison. In order to establish the relative 

reactivity between the copper systems, the authors selected as 

standard reaction conditions those described by Hartwig et al, 

using 4-iodo-1,1’-biphenyl as model system and DMF as solvent. 

After 24 hours at 50 °C, the in-situ generated (phen)Cu(CF3) 

exhibited the best performance as trifluoromethylating agent.  

Moreover, the authors also performed the nucleophilic 

trifluoromethylation of 4-iodo-1,1’-biphenyl using the reported 

conditions for each protocol. This implies the employment of 

different solvents, temperature and concentrations. Under these 

different reaction conditions, the in-situ generated 

(SIMes)Cu(CF3) showed the best performance, pointing out the 

crucial role of the solvent (benzene:DMI vs DMF). In general, the 

in-situ formation of the complexes gave a better outcome than 

the corresponding isolated ones. Interestingly, when using the 

isolated or the in-situ generated (SIMes)Cu(CF3) for the 

functionalization of electron-rich substrates, the authors 

observed induction periods in the kinetic profiles of the product 

formation, suggesting a non-trivial behavior of these copper 

systems in solution. Based on their results, in this work, the 

authors encouraged the benchmarking in trifluoromethylation 

reactions to allow a fair comparison between new methods and 

the previously described ones under the same reaction 

conditions. 



    

 

 

Scheme Scheme Scheme Scheme 22222222 a) Different copper trifluoromethylating reagents (See Ref. 45 for 

further details). b) Standard conditions for the trifluoromethylation of 4-

iodobiphenyl  

Despite the tremendous efforts on providing a comprehensive 

mechanistic picture on Cu-mediated trifluoromethylation 

reactions, there are still open questions that need to be 

addressed. This strongly encouraged our group to devote our 

efforts towards unveiling the real role of cuprate species in 

nucleophilic trifluoromethylation reactions.5 Recently, we were 

able to access, for the first time in a selective manner, [Cu(CF3)]2, 

ubiquitous in all the aforementioned transformations. We carried 

out the quantitative in-situ generation of these species through a 

transmetalation reaction using its analogous silver ate-type 

complex, (Cs)[Ag(CF3)]2 and CuI. Under the standard conditions 

reported by Vicic, our salt outperformed the previously 

described nucleophilic copper systems. A combined 

experimental and computational studied uncovered a complex 

mechanistic picture through a CuI/III process with the 

participation of more reactive species such as (DMF)CuCF3, 

generated through multiple equilibria. These results not only 

give some hints about the behavior of different copper species in 

trifluoromethylation reactions but also suggest that the ate-type 

complexes actually act as a CF3 reservoir along these 

transformations. However, we believe that this should not be 

underestimated since these cuprates can generate more active 

species even when the neutral well-defined complexes are used 

as trifluoromethylating agent. 

 

Scheme Scheme Scheme Scheme 23232323 a) Transmetalation reaction for the synthesis of (Cs)[Cu(CF3)2]. b) 

Trifluoromethylation reaction using 4-iodobiphenyl as model system. c) 

Speciation of copper species in solution. d) Substrate scope. e) X-ray structure 

of (Cs)[Cu(CF3)2]. See Ref 5 for further details.  

6 Conclusions  

Over the past decades, trifluoromethyl copper(I) species have 

demonstrated their extraordinary activity as CF3 sources in 

nucleophilic trifluoromethylation reactions. These strategies 

allow the access to a wide variety of trifluoromethylated organic 

scaffolds, relevant in agrochemicals, pharmaceuticals or 

materials. Currently, there are two different approaches to access 

the active copper species in these transformations: their in-situ 

generation in the reaction media or the employment of well-

defined and isolable ones, stabilized by ancillary ligands. In both 

cases, the investigation of the underlying reactions mechanisms 

has been hampered by the complex mixture of copper species 

observed in solution, involving neutral and/or ionic ones. In this 

context, tremendous efforts have been made by the 

organometallic community, merging experimental and 

computational strategies, in order to elucidate the nature of the 

reactive species, the dramatic effect of polar solvents in the 

success of the reactions and the real role of cuprate species in 

these transformations. Despite the major advances described in 

this Short Review, we consider this field holds promising 

prospects for the rational design and development of innovative 

protocols based on knowledge-driven approaches.  
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