


	
		×
		

	






    
        
            
                
                    
                        
                    
                

                
                    
                        
                            
                            
                        

                    

                

                
                    
                                                    Log in
                            Upload File
                                            

                

            


            	Most Popular
	Study
	Business
	Design
	Technology
	Travel
	Explore all categories


        

    





    
        
            
                
                    
                

                

                    
                        copper-promoted/copper-catalyzed trifluoromethylselenolation reactions › bjoc › content › pdf...

                    


                    
                        
                            	Home
	Documents
	Copper-promoted/copper-catalyzed trifluoromethylselenolation reactions › bjoc › content › pdf › 1860-5397-1… · been made in the field of trifluoromethylselenolations of


                        

                    


                    




    
        
            
                
                    
                        

                        
                        
                    

                    
                        
						1

12
                        
                    

                    
                        
                        100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                        
                    

					
                

            


            
                
                    
                    
                    
                

                
                    

                    

                    
                        
                         Match case
                         Limit results 1 per page
                        

                        
                        

                    

                

            

            
									
    
        
        

        

        

        
        
            305 Copper-promoted/copper-catalyzed trifluoromethylselenolation reactions Clément Ghiazza and Anis Tlili * Review Open Access Address: Institute of Chemistry and Biochemistry, Univ Lyon, Université Lyon 1, CNRS, 43 Bd du 11 Novembre 1918, F-69622 Villeurbanne, France Email: Anis Tlili * - [email protected] * Corresponding author Keywords: copper catalysis; fluorine; homogenous catalysis; trifluoromethylselenolation Beilstein J. Org. Chem. 2020, 16, 305–316. doi:10.3762/bjoc.16.30 Received: 02 November 2019 Accepted: 07 February 2020 Published: 03 March 2020 This article is part of the thematic issue "Copper-catalyzed reactions for organic synthesis". Guest Editor: G. Evano © 2020 Ghiazza and Tlili; licensee Beilstein-Institut. License and terms: see end of document. Abstract Copper catalysis and, more generally, copper chemistry are pivotal for modern organofluorine chemistry. Major advances have been made in the field of trifluoromethylselenolations of organic compounds where copper catalysis played a crucial role. Recent developments in this field are highlighted in this minireview. 305 Introduction In recent years, the incorporation of fluorine or fluorinated motifs into organic molecules has gained widespread interest. This is mainly due to the new properties associated with the introduction of these modifications. In particular, chalcogen tri- fluoromethyl motifs are of prime interest since they confer very high lipophilicity [1,2]. In this context, transition-metal cataly- sis plays a key role in the formation of carbon–chalcogen tri- fluoromethyl bonds. Major advances have been made in the last ten years especially for C–OCF 3 [3-5] and C–SCF 3 [6-8] bond- forming processes. Today, the incorporation of OCF 3 as well as SCF 3 is routinely used to design new active compounds [8]. The development of new methodologies based on copper catal- ysis/chemistry is playing a pivotal role due to the low cost and toxicity of the corresponding copper reagents [9]. Due to their stability, these usually contain copper–chalcogen trifluoro- methyl σ-bonds. Likewise, the research on new methods enabling the incorporation of SeCF 3 has continuously been growing and today, a plethora of strategies have been reported [10,11]. Therein, the design of new catalysts and reagents is a key factor to foster the development of new methods for C–SeCF 3 bond-forming processes. Although many methods are available for the introduction of the trifluoromethylselenyl group, only little information is available related to the physico- chemical properties of the products. However, it has been noted that the SeCF 3 motif is by far one of the most lipophilic fluori- nated groups, and thus potentially increases the bioavailability 
        

        
    






				            

        

    









                    
                        
							Upload: others
                            Post on 04-Jul-2020

                            0 views

                        

                        
                            Category:
 Documents


                            0 download

                        

                    


                    
                        
                            Report
                        

                                                
                            	
                                    Download
                                


                        

                                            


                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                                    
Pinterest

                        
                    


                    
                

                

                    
                    
                        Embed Size (px):
                            344 x 292
429 x 357
514 x 422
599 x 487


                        

                    

                    

                    

                    
                                        
                        TRANSCRIPT

                        Page 1
                        

305
 Copper-promoted/copper-catalyzedtrifluoromethylselenolation reactionsClément Ghiazza and Anis Tlili*
 Review Open Access
 Address:Institute of Chemistry and Biochemistry, Univ Lyon, Université Lyon 1,CNRS, 43 Bd du 11 Novembre 1918, F-69622 Villeurbanne, France
 Email:Anis Tlili* - [email protected]
 * Corresponding author
 Keywords:copper catalysis; fluorine; homogenous catalysis;trifluoromethylselenolation
 Beilstein J. Org. Chem. 2020, 16, 305–316.doi:10.3762/bjoc.16.30
 Received: 02 November 2019Accepted: 07 February 2020Published: 03 March 2020
 This article is part of the thematic issue "Copper-catalyzed reactions fororganic synthesis".
 Guest Editor: G. Evano
 © 2020 Ghiazza and Tlili; licensee Beilstein-Institut.License and terms: see end of document.
 AbstractCopper catalysis and, more generally, copper chemistry are pivotal for modern organofluorine chemistry. Major advances havebeen made in the field of trifluoromethylselenolations of organic compounds where copper catalysis played a crucial role. Recentdevelopments in this field are highlighted in this minireview.
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 IntroductionIn recent years, the incorporation of fluorine or fluorinatedmotifs into organic molecules has gained widespread interest.This is mainly due to the new properties associated with theintroduction of these modifications. In particular, chalcogen tri-fluoromethyl motifs are of prime interest since they confer veryhigh lipophilicity [1,2]. In this context, transition-metal cataly-sis plays a key role in the formation of carbon–chalcogen tri-fluoromethyl bonds. Major advances have been made in the lastten years especially for C–OCF3 [3-5] and C–SCF3 [6-8] bond-forming processes. Today, the incorporation of OCF3 as well asSCF3 is routinely used to design new active compounds [8].The development of new methodologies based on copper catal-ysis/chemistry is playing a pivotal role due to the low cost and
 toxicity of the corresponding copper reagents [9]. Due to theirstability, these usually contain copper–chalcogen trifluoro-methyl σ-bonds. Likewise, the research on new methodsenabling the incorporation of SeCF3 has continuously beengrowing and today, a plethora of strategies have been reported[10,11]. Therein, the design of new catalysts and reagents is akey factor to foster the development of new methods forC–SeCF3 bond-forming processes. Although many methods areavailable for the introduction of the trifluoromethylselenylgroup, only little information is available related to the physico-chemical properties of the products. However, it has been notedthat the SeCF3 motif is by far one of the most lipophilic fluori-nated groups, and thus potentially increases the bioavailability
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 Scheme 1: Process for the formation of C(sp3)–SeCF3 bonds with [(bpy)CuSeCF3]2 developed by the group of Weng.
 of the targeted drugs [10]. The focus of this minireview is tohighlight the efforts made to use copper reagents for the promo-tion of trifluoromethylselenolation reactions.
 ReviewOverview on copper-promoted and copper-catalyzed processes for the introduction ofSeCF3 groupsCopper(I) trifluoromethylselenolate complexesCopper(I) trifluoromethylselenolate was first prepared in 1985by the group of Yagupolskii [12]. Then, CuSeCF3·DMF wastested in the trifluoromethylselenolation of (hetero)aryl iodidesand showed promising results. However, the reactions were per-formed mainly with activated aryl iodides, and a high tempera-ture was required to achieve acceptable yields. Three decadeslater, the group of Weng reported the synthesis of discreteSeCF3-containing copper/bipyridine (bpy) complexes [13].Noteworthy, depending on the nature of the bidentate ligandused, the corresponding copper complex could be isolated asmonomer or dimer, and both were air-stable. Among the newcomplexes, the reactivity of [(bpy)CuSeCF3]2 in trifluo-romethylselenolations was thoroughly investigated using a largepanel of starting materials.
 The group of Weng first explored the trifluoromethylselenola-tion of alkyl halides [13] and then propargylic chlorides and
 allylic bromides (Scheme 1) [14]. Overall, the reactions wereperformed at temperatures between 70–100 °C with an excessof the trifluoromethylselenyl source, and the desired corre-sponding products were generally obtained in very good yields.
 The application scope of the [(bpy)CuSeCF3]2 complex wasthen extended to aromatic halides for the formation ofC(sp2)–SeCF3 bonds. The authors demonstrated that a verybroad range of (hetero)aryl halides and vinyl halides could betrifluoromethylselenolated that way (Scheme 2) [13,15-17].Mechanistically, the authors postulated the involvement ofcopper(I)/(III) oxidation states.
 Oxidative cross-coupling reactions between terminal alkynesusing the [(bpy)CuSeCF3]2 complex were also undertaken bythe same group to form C(sp)–SeCF3 bonds (Scheme 3) [18].Therein, Dess–Martin periodinane (DMP) was used as theoxidant and potassium fluoride as the base, and the reactionswere performed at room temperature in DMF as the solvent.The desired compounds were obtained in moderate to very goodyields. Both electron-withdrawing and -donating groups weretolerated on the arylacetylene derivatives. Heteroaromatic aswell as aliphatic alkyne derivatives could also be smoothly con-verted in these transformation. Noteworthy, the authors demon-strated that the reaction could easily be scaled up when almosttwo grams of a trifluoromethylselenolated alkyne product couldbe isolated.
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 Scheme 2: Trifluoromethylselenolation of vinyl and (hetero)aryl halides with [(bpy)CuSeCF3]2 by the group of Weng.
 Scheme 3: Trifluoromethylselenolation of terminal alkynes using[(bpy)CuSeCF3]2 by the group of You and Weng.
 After that, the same group studied the α-trifluoromethylseleno-lation of ketones and esters starting from the correspondinghalides or diazoacetates (Scheme 4) [19,20]. Both methods ledto the desired products with moderate to very good yields, andthe reactions were performed at temperatures between40–45 °C. Interestingly, a tertiary α-bromoketone furnished theproduct in 66% yield, excluding an SN2 mechanism. However,it is worth mentioning that diazoacetates bearing pyridinemotifs were not suitable to be used under these conditions.
 Following this, the same group studied the direct trifluo-romethylselenolation of α-brominated unsaturated carbonylcompounds with [(bpy)CuSeCF3]2 and CsF as the base(Scheme 5, top) [21]. The products were obtained with goodyields as a mixture of E/Z isomers. The authors postulated theformation of a copper(III) complex in the reaction, resultingfrom an oxidative addition of the trifluoromethylselenolatedcopper(I) complex to the α-brominated unsaturated carbonyl
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 Scheme 4: Trifluoromethylselenolation of carbonyl compounds with [(bpy)CuSeCF3]2 by the group of Weng.
 Scheme 5: Trifluoromethylselenolation of α,β-unsaturated ketones with [(bpy)CuSeCF3]2 by the group of Weng.
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 Scheme 6: Trifluoromethylselenolation of acid chlorides with [(bpy)CuSeCF3]2 by the group of Weng.
 Scheme 7: Synthesis of 2-trifluoromethylselenylated benzofused heterocycles with [(bpy)CuSeCF3]2 by the group of Weng.
 compound. Afterwards, a reductive elimination would takeplace to afford the α-trifluoromethylselenylated α,β-unsaturatedcarbonyl compound and copper(I) bromide.
 The same group also reported the trifluoromethylselenolation ofβ-brominated unsaturated carbonyl compounds under base-freeconditions (Scheme 5, bottom) [22]. Good to excellent yieldswere obtained for the products. The authors demonstrated thatno major alterations were observed in the presence of TEMPO,and thus a radical pathway was considered as less likely.Contrarily to the precedent mechanism, the authors proposed a1,4-addition of −SeCF3, and a bromide elimination to occur.
 The synthesis of trifluoromethylseleno esters was also exploredby the group of Weng from readily available acid chlorides(Scheme 6) [23]. Therein, the key was the addition of a catalyt-ic amount of iron powder as the Lewis acid to foster C–Cl bondcleavage and to access the desired products with high yields.The reaction encompassed a broad range of functional groups,including acetate, halides, and heteroaromatic species.
 More recently, the same group reported the synthesis of2-trifluoromethylselenylated benzofused heterocycles(Scheme 7) [24]. This tandem process consisted in a firstPd-catalyzed cyclization of 2-(2,2-dibromovinyl)phenols/-thio-
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 phenols/-anilines, leading to the corresponding 2-brominatedheterocycle. This intermediate was then trifluoromethylseleny-lated by [(bpy)CuSeCF3]2. While benzofurans and benzothio-phenes were prepared in moderate to good yields, only marginalyields were obtained with indole derivatives (up to 25%).Finally, the reactions could easily be scaled up to a gram scale.
 The group of Liang reported the difunctionalization of terminalstyrenes and arylacetylene derivatives by introducing SeCF3with the [(bpy)CuSeCF3]2 copper complex developed by thegroup of Weng and difluoroalkyl groups with ICF2CO2Et(Scheme 8) [25]. Only six examples were reported, with goodyields. Mechanistically, the authors proposed that an electrontransfer took place between the copper(I) complex andICF2CO2Et, forming, after iodine transfer, a new carbon-centered radical and a copper(II) complex. The center of theradical then shifted to the terminal carbon atom of the unsatu-rated compound. The latter reacted with the copper(II) complex,forming a new copper(III) intermediate. After reductiveelimination, the desired difunctionalized compounds wereformed.
 Tetramethylammonium trifluoromethylselenolate salt(Me4NSeCF3)Tetramethylammonium trifluoromethylselenolate was reportedby the group of Tyrra in 2003. Therein, the association of theRuppert–Prakash reagent with ammonium fluoride in the pres-ence of a slight excess of Se allowed the facile synthesis ofMe4NSeCF3 (Scheme 9) [26]. Today, Me4NSeCF3 is routinelyused by several research groups. In the past five years, thisstable and easy-to-handle reagent was involved in several cross-coupling processes, including copper chemistry.
 In this context, in 2015, the group of Rueping reported an oxi-dative trifluoromethylselenolation process of terminal alkynesand boronic acid derivatives (Scheme 10) [27]. Using a stoi-chiometric amount of copper/ligand and molecular oxygen asthe oxidant, the substrates were successfully converted to thetrifluoromethylselenylated analogs in good to very good yields.The substrate scope highlighted a broad functional group toler-ance, including electron-withdrawing and -donating groups,heterocycles, and ferrocene moieties.
 One year later, the group of Goossen demonstrated the directconversion of diazo compounds into trifluoromethylselenolatedproducts using a catalytic amount of copper(I) thiocyanate(Scheme 11) [28,29]. The reaction proceeded under mild condi-tions, and the desired products were usually obtained with verygood to excellent yields. The authors postulated the in situ for-mation of CuSeCF3 as the catalytically activated species thatwas able to reduce the diazonium salt and transfer SeCF3.
 Scheme 8: Difunctionalization of terminal alkenes and alkynes with[(bpy)CuSeCF3]2 by the group of Liang.
 Scheme 9: Synthesis of Me4NSeCF3.
 Trifluoromethylselenyl chloride (ClSeCF3) andtrifluoromethyltolueneselenosulfonate (TsSeCF3)Known since the 1950s, trifluoromethylselenyl chloride(ClSeCF3) was scarcely studied until recently. In fact, thisreagent is very volatile [30,31] and potentially toxic by analogywith ClSCF3 [32]. However, to avoid the direct synthesis ofClSeCF3, the group of Billard proposed a one-pot two-step pro-cedure where ClSeCF3 is generated in situ [33].
 This strategy was then applied to the trifluoromethylselenola-tion of alkynes by using copper(I) acetylides [34]. With bipyri-dine as the ligand, the trifluoromethylselenolation of alkyneswas reported to occur with moderate to very good yields. Theconditions were compatible with aromatic as well as aliphaticsubstrates and tolerated sensitive functional groups, such ashydroxy functions or esters (Scheme 12).
 Boronic acids were also engaged in combination with ClSeCF3in the presence of stoichiometric amounts of copper(II) acetate,resulting in marginal to moderate yields, as can be seen inScheme 12 [35].
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 Scheme 10: Oxidative trifluoromethylselenolation of terminal alkynes and boronic acid derivatives with Me4NSeCF3 by the group of Rueping.
 Scheme 11: Trifluoromethylselenolation of diazoacetates and diazonium salts with Me4NSeCF3 by the group of Goossen.
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 Scheme 12: Trifluoromethylselenolation with ClSeCF3 by the group of Tlili and Billard.
 Due to the limitations of ClSeCF3 as an electrophilic reagent fortrifluoromethylselenolations in cross-coupling reactions, ourgroup developed a new bench-stable reagent, namely trifluo-romethyltolueneselenosulfonate (TsSeCF3) [36]. Trifluo-romethyltolueneselenosulfonate can be prepared from in situ-generated ClSeCF3 and sodium sulfinate on a gram scale. Thisnew reagent is ready-to-use and can easily be handled. With thisnew reagent in hand, our group firstly studied the reactivitywith boronic acids (Scheme 13). Therein, a catalytic amount ofcopper(II) acetate and bipyridine (10 mol % each) was used.Moderate to very good yields were obtained for both electron-deficient and electron-rich substrates. The scope also encom-passed heteroaromatic as well as vinylic compounds. Mechanis-tic experiments allowed us to propose a plausible mechanism inwhich an arylcopper(I) species was the key intermediate.
 Terminal alkynes were also investigated under similar reactionconditions (Scheme 13) [37]. Aromatic and π-activated aliphat-ic substrates led to the desired products in moderate to very
 good yields. Moreover, vinyl sulfone derivatives were formedwhen the starting alkyne derivatives contained an oxygen atom.This way, α-trifluoromethylselenylated vinylsulfones were ob-tained in moderate to excellent yields (Scheme 13). Mechanis-tic experiments revealed that copper(I) acetylides were theactive species for the synthesis of the trifluoromethylseleny-lated alkynes. The latter was also a key intermediate for the for-mation of α-trifluoromethylselenylated vinylsulfone.
 It is worth noting that the strategy for the trifluoromethylseleno-lation of boronic acid developed in our laboratory was appliedin 2019 for the synthesis of the selenylated analog 30 ofPretomanid, an antituberculosis drug (Scheme 14) [38]. The keystep was the trifluoromethylselenolation of boronic acid 26under standard conditions (Scheme 13), followed by a mesyla-tion and a reaction with the commercially available alcohol 29to yield the desired compound 30. Preliminary results indicatedthat the physicochemical properties remained widely un-changed. However, further studies must be undertaken in order

Page 9
                        

Beilstein J. Org. Chem. 2020, 16, 305–316.
 313
 Scheme 13: Trifluoromethylselenolation with TsSeCF3 by the group of Tlili and Billard.
 to gain knowledge on the bioactivity of this SeCF3-containinganalog.
 In situ synthesis of trifluoromethylselenolatedcompounds using copper complexesOne-pot procedures that rely on the tandem formation of C–Seand Se–fluoroalkyl bonds have emerged in the last five years.
 In 2014, Hor and Weng reported the trifluoromethylselenola-tion of (hetero)aryl iodides and alkyl bromides with the
 Ruppert–Prakash reagent, TMSCF3, elemental selenium, potas-sium fluoride, and silver carbonate under copper catalysis(Scheme 15, conditions I) [39]. Mechanistically, the authorsproposed the formation of a silver(I)–SeCF3 adduct, followedby a transmetallation step, yielding the active CuSeCF3 species.Good to very good yields were obtained on a broad scope, in-cluding amide-, ester-, and heterocycle-containing substrates.
 In 2019, Deng and Xiao proposed an alternative strategy basedon the use of a three-component system consisting of
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 Scheme 14: Copper-catalyzed synthesis of a selenylated analog 30 of Pretomanid developed by the group of Tlili and researchers from Novartis.
 Ph3P+CF2CO2−/Se8/CsF (Scheme 15, conditions II) [40]. It
 should be noted that three equivalents of both the copper sourceand the ligand were needed in order to obtain high yields.Benzylic bromides and chlorides furnished the desired productsin moderate to good yields. However, less activated substratesled to marginal amounts of the trifluoromethylselenylated com-pounds. Also, when secondary benzylic halides were used in thereaction, low yields were observed, which is in line with an SN2mechanism. The authors proposed a mechanism where difluoro-carbene is first generated upon thermal decomposition of thestarting difluorophosphobetaine. The carbene then reacts withelemental selenium to yield difluoroselenophosgene, and in thepresence of fluoride anions, this species is in an equilibriumwith the −SeCF3 anion. As proposed by Hor and Weng, Dengand Xiao also suggested that CuSeCF3 was the active species inthe mechanism.
 In 2016, the group of Rueping described a sequential copper-catalyzed selenocyanation of aryldiazonium salts, followed bytrifluoromethylation in a one-pot procedure with theRuppert–Prakash reagent (Scheme 15, conditions III) [41]. Thecorresponding trifluoromethylselenylated (hetero)aryl productswere obtained in moderate to good yields using both electron-deficient and -rich starting materials, respectively. Interestingly,the authors demonstrated the feasibility of the reaction bystarting directly with p-nitroaniline. Moreover, the authorsdemonstrated that the reaction could easily be scaled up to a7 mmol scale, and the desired product was obtained in a compa-rable yield of 70%, and 73% starting from the correspondingaryldiazonium salt.
 ConclusionIn conclusion, as highlighted in this minireview, several elegantprocedures based on the use of copper reagents allow to directlyaccess trifluoromethylselenolated compounds. Today, thestraightforward construction of C–SeCF3 bonds is accessiblethrough several different pathways. On the one hand, the usediscrete copper–SeCF3 complexes allows the trifluoromethylse-lenolation of a large panel of starting materials. Therein, themain drawback is the generation of a stoichiometric amount ofa copper salt as a byproduct of the reaction. On the other hand,Me4NSeCF3 is a very attractive reagent that already demon-strated its versatility in numerous processes. Nevertheless, itsuse in oxidative cross-coupling reactions requires stoichio-metric amounts of the oxidant, which limits the attractiveness ofthe method in some cases. Finally, the newly developed electro-philic reagent TsSeCF3 also demonstrated its compatibility incopper-based process and allowed the use of catalytic amountsof copper. The compound is synthesized starting with volatileClSeCF3, which is the major drawback. Altogether, thepresented methodologies cover a wide range of starting materi-als. Interestingly, the application of these methodologies wasalready demonstrated for the synthesis of bioactive analogs. Tothe best of our knowledge, to date there are no SeCF3-contain-ing drug candidates or bioactive molecules in clinical trials.This could be explained by the lack of physicochemical data onthe SeCF3 moiety. More efforts must be devoted to exploringthe altered properties of the trifluoromethylselenylated com-pounds. The encouraging results obtained will definitely pavethe way for further applications, and put this emerging fluori-nated group at the forefront of drug design.
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 Scheme 15: One-pot procedures for C–SeCF3 bond formations developed by Hor and Weng, Deng and Xiao, and Rueping.
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