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            10.1021/ol2019295 r 2011 American Chemical Society Published on Web 08/29/2011 ORGANIC LETTERS 2011 Vol. 13, No. 19 5068–5071 Tricomponent Catalytic r,r-Difluorination of Acid Chlorides Steven Bloom, Michael T. Scerba, Jeremy Erb, and Thomas Lectka* Department of Chemistry, New Chemistry Building, Johns Hopkins University, 3400 North Charles Street, Baltimore, Maryland 21218, United States [email protected] Received July 16, 2011 ABSTRACT The selective R,R-difluorination of carbonyl compounds remains a challenge in modern organic synthesis; current methods often incorporate stepwise processes and/or harsh conditions, providing unsatisfactory mixtures of mono- and difluorinated products. In this communication, a practical, mild, and one-pot method for the selective R,R-difluorination of readily available acid chlorides is reported in which three separate catalysts act synergistically to form products in outstanding selectivity and fair to excellent yields. Strategic fluorination has become an ever more impor- tant weapon in the armamentarium of medicinal chemistry. 1 Substitution of drug molecules with fluorine has been shown to affect the activity of the drug in vivo. 2 As a result, the inclusion of fluorine into a host of organic substrates has resulted in a large number of viable drug candidates for the treatment of disease. 1,2 In many cases, fluorine is chosen to replace hydrogen at metabolically labile sites in a biologically active molecule. 3 Along these lines, the positions R to a carbonyl group are often targeted for fluorination. 3 If two R-hydrogens are present, the requirement may be to replace each hydrogen with fluor- ine. Thus, synthetic methods by which two fluorine atoms can be installed simultaneously R to the carbonyl would be highly useful. Unfortunately, monocarbonyl compounds have proven to be very difficult substrates for difluorination. 4 In this sense, highly acidic compounds including 1,3-diketones and β-ketoesters are often targeted as substrates for di- fluorination employing Selectfluor, 5 N-fluoro pyridinium salts, 6 and N-fluorosulphonimides. 7 Additionally, electro- chemical methods have gained popularity among techni- ques for accessing a variety of R-fluorinated products. 8 Although notable, such efforts often provide unsatisfac- tory mixtures of mono- and difluorinated adducts. On the other hand, monocarbonyl enolates have been shown to undergo selective mono- and difluorination in the presence of an N-F-sultam. 9 However, these methods are generally limited in substrate scope and their need for noncommer- cial sources of electrophilic fluorine. Instead, we envisaged the use of acid chlorides 1 as ideal substrates for one-pot, selective difluorination. They are inexpensive and readily available, and their R-positions are suitably acidic. In this (1) (a) Liu, P.; Sharon, A.; Chu, C. K. J. Fluorine Chem. 2008, 129, 743–766. (b) Park, B. K.; Kitteringham, N. R. Drug Metab. Rev. 1994, 26, 605–643. (c) Smart, B. E. J. Fluorine Chem. 2001, 109, 3–11. (d) Ojima, I. Fluorine in Medicinal Chemistry and Chemical Biology; Wiley-Blackwell: Chichester, U.K., 2009. (e) Chambers, R. D. Fluorine in Organic Chemistry; Wiley: New York, 1973. (2) Park, K. B.; Kitteringham, N. R.; O’Neill, P. M. Annu. Rev. Pharmacol. Toxicol. 2001, 41, 443–70. (3) Cahard, D.; Xu, X.; Couve-Bonaire, S.; Pannecoucke, X. Chem. Soc. Rev. 2010, 39, 558–568. (4) (a) Stavber, S.; Jereb, M.; Zupan, M. Synthesis 2002, 17, 2609– 2615. (b) Tsushima, T.; Kawada, K.; Tsuji, T. J. Org. Chem. 1982, 47, 1107–1110. (5) (a) Stavber, G.; Stavber, S. Adv. Synth. Catal. 2010, 352, 2838–2846. (b) Xiao, J.-C.; Shreeve, J. M. J. Fluorine Chem. 2005, 126, 475–478. (c) Stavber, G.; Zupan, M.; Jereb, M.; Stavber, S. Org. Lett. 2004, 6, 4973–4976. (6) (a) Umemoto, T.; Tomita, K.; Kawada, K.; Tomizawa, G. EPA 0204535 (Priority 3.6.85). (b) Umemoto, T.; Fukami, S.; Tomizawa, G.; Harasawa, K.; Kawada, K.; Tomita, K. J. Am. Chem. Soc. 1990, 112, 8563–8575. (7) Xu, Z.-Q.; DesMarteau, D. D.; Gotoh, Y. J. Chem. Soc., Chem. Commun. 1991, 179–181. (8) (a) Laurent, E.; Marquet, B.; Tardivel, R. Tetrahedron 1989, 45, 4431–4444. (b) Laurent, E.; Marquet, B.; Tardivel, R.; Thiebault, H. Tetrahedron Lett. 1987, 28, 2359–2362. (9) Differding, E.; R€ uegg, G. M.; Lang, R. Tetrahedron Lett. 1991, 32, 1779–1782. 
        

        
    






				            

        

    









                    
                        
							Upload: others
                            Post on 20-Jun-2020

                            2 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
                        

10.1021/ol2019295 r 2011 American Chemical SocietyPublished on Web 08/29/2011
 ORGANICLETTERS
 2011Vol. 13, No. 195068–5071
 Tricomponent Catalyticr,r-Difluorinationof Acid Chlorides
 Steven Bloom, Michael T. Scerba, Jeremy Erb, and Thomas Lectka*
 Department of Chemistry, New Chemistry Building, Johns Hopkins University, 3400North Charles Street, Baltimore, Maryland 21218, United States
 [email protected]
 Received July 16, 2011
 ABSTRACT
 The selective R,R-difluorination of carbonyl compounds remains a challenge in modern organic synthesis; current methods often incorporatestepwise processes and/or harsh conditions, providing unsatisfactory mixtures of mono- and difluorinated products. In this communication, apractical, mild, and one-pot method for the selective R,R-difluorination of readily available acid chlorides is reported in which three separatecatalysts act synergistically to form products in outstanding selectivity and fair to excellent yields.
 Strategic fluorination has become an ever more impor-tant weapon in the armamentarium of medicinalchemistry.1 Substitution of drug molecules with fluorinehas been shown to affect the activity of the drug in vivo.2 Asa result, the inclusion of fluorine into a host of organicsubstrates has resulted in a large number of viable drugcandidates for the treatment of disease.1,2 In many cases,fluorine is chosen to replace hydrogen at metabolicallylabile sites in a biologically active molecule.3 Along theselines, the positionsR to a carbonyl group are often targetedfor fluorination.3 If two R-hydrogens are present, therequirement may be to replace each hydrogen with fluor-ine. Thus, synthetic methods by which two fluorine atomscan be installed simultaneouslyR to the carbonyl would behighly useful.Unfortunately, monocarbonyl compounds have proven
 to be very difficult substrates for difluorination.4 In this
 sense, highly acidic compounds including 1,3-diketonesand β-ketoesters are often targeted as substrates for di-fluorination employing Selectfluor,5 N-fluoro pyridiniumsalts,6 andN-fluorosulphonimides.7 Additionally, electro-chemical methods have gained popularity among techni-ques for accessing a variety of R-fluorinated products.8
 Although notable, such efforts often provide unsatisfac-tory mixtures of mono- and difluorinated adducts. On theother hand, monocarbonyl enolates have been shown toundergo selectivemono- and difluorination in the presenceof an N-F-sultam.9 However, these methods are generallylimited in substrate scope and their need for noncommer-cial sources of electrophilic fluorine. Instead, we envisagedthe use of acid chlorides 1 as ideal substrates for one-pot,selective difluorination. They are inexpensive and readilyavailable, and their R-positions are suitably acidic. In this
 (1) (a) Liu, P.; Sharon, A.; Chu, C. K. J. Fluorine Chem. 2008, 129,743–766. (b) Park, B. K.; Kitteringham, N. R. Drug Metab. Rev. 1994,26, 605–643. (c) Smart, B. E. J. Fluorine Chem. 2001, 109, 3–11. (d)Ojima, I. Fluorine in Medicinal Chemistry and Chemical Biology;Wiley-Blackwell: Chichester, U.K., 2009. (e) Chambers, R. D. Fluorine inOrganic Chemistry; Wiley: New York, 1973.
 (2) Park, K. B.; Kitteringham, N. R.; O’Neill, P. M. Annu. Rev.Pharmacol. Toxicol. 2001, 41, 443–70.
 (3) Cahard, D.; Xu, X.; Couve-Bonaire, S.; Pannecoucke, X. Chem.Soc. Rev. 2010, 39, 558–568.
 (4) (a) Stavber, S.; Jereb, M.; Zupan, M. Synthesis 2002, 17, 2609–2615. (b) Tsushima, T.; Kawada, K.; Tsuji, T. J. Org. Chem. 1982, 47,1107–1110.
 (5) (a) Stavber, G.; Stavber, S.Adv. Synth. Catal. 2010, 352, 2838–2846.(b) Xiao, J.-C.; Shreeve, J. M. J. Fluorine Chem. 2005, 126, 475–478.(c) Stavber, G.; Zupan, M.; Jereb, M.; Stavber, S. Org. Lett. 2004, 6,4973–4976.
 (6) (a) Umemoto, T.; Tomita, K.; Kawada, K.; Tomizawa, G. EPA0204535 (Priority 3.6.85). (b) Umemoto, T.; Fukami, S.; Tomizawa, G.;Harasawa, K.; Kawada, K.; Tomita, K. J. Am. Chem. Soc. 1990, 112,8563–8575.
 (7) Xu, Z.-Q.; DesMarteau, D. D.; Gotoh, Y. J. Chem. Soc., Chem.Commun. 1991, 179–181.
 (8) (a) Laurent, E.; Marquet, B.; Tardivel, R. Tetrahedron 1989, 45,4431–4444. (b) Laurent, E.; Marquet, B.; Tardivel, R.; Thiebault, H.Tetrahedron Lett. 1987, 28, 2359–2362.
 (9) Differding, E.; R€uegg, G. M.; Lang, R. Tetrahedron Lett. 1991,32, 1779–1782.
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 communication, we report a unique “tricomponent” cat-alytic system for R,R-difluorination that involves a maingroup Lewis acid (Sn(OTf)2), a catalytic nucleophilethat also serves as a reagent (pyridine), and an anionicphase transfer catalyst (KBARF)10 (potassium tetrakis-(pentafluorophenyl)borate).
 These three catalysts work synergistically to effectthe efficient R,R-difluorination of a variety of acid chlor-ides employing Selectfluor (1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate)11 as afluorinating agent and MeCN as solvent (Figure 1). Thisnew method illustrates the power of catalysts acting co-operatively to produce a positive outcome; in this case, thecombination of three catalysts is especially notable.Our screening began by the treatment of phenylace-
 tylchloride (PAC) 1a with Selectfluor in MeCN. Notsurprisingly, no reaction occurred. When several equiva-lents of pyridine were added as a nucleophilic catalyst anddehydrohalogenating agent (followed by a quench withH2NPh) only a trace amount of the desired difluorinatedamide was present. Unfortunately, raising the temperatureof the reaction produced a complex mixture of undesiredbyproducts. At this point, we decided to introduce asecond catalyst in order to enhance the yield of difluori-nated product. A number of metal salts were screened forthis purpose, although the large majority proved ineffec-tive; Table 1 illustrates the futility of these early attempts.Fortunately, Zn(OTf)2 and Sn(OTf)2 produced a signifi-cant increase in both yield and selectivity; Sn(OTf)2 provedto be especially efficacious, and further screening centeredon its use.One of the most notable limitations on the use of
 Selectfluor is its relative insolubility in commonly usedorganic solvents. Even in MeCN, the solvent of choice formany reactions with Selectfluor, its solubility is undesir-ably low and presents a limitation in its overall use as afluorinating agent.12 In our reaction, increased ratios ofdifluorinated product were achieved utilizing a minimalamount of solvent; however, substantial quantities ofketene dimer were likewise prevalent. In an effort tominimize dimer formation, lower reaction temperaturesand slower addition times of acid chloride were examined.
 Unfortunately, these attempts resulted in unsatisfactoryyields of difluorinated product. At this point, we sought ameans to increase Selectfluor solubility � namely, weimagined that the addition of an anionic phase transfercatalyst (anionic-PTC) could act to bring Selectfluor intosolution more effectively.
 Consequently, we screened KBARF8 as a third catalystand found a notable increase in reaction rate, cleanliness,and yield; the role of the KBARF cocatalyst is thereforesuggestive of a solubilizing agent for Selectfluor. Suchtricomponent catalytic systems are fairly rare in syntheticchemistry,13 a fact stemming from their inherent complex-ity, difficulty of study, and potential for deleterious inter-catalyst interactions.14 In the present method, it is ap-parent that the anionic-PTC is unlikely to engage detri-mentally with the Lewis acid Sn(OTf)2 and pyridineand, thus, makes an ideal complement to a polycatalyticsystem.Early on, it was found that shorter reaction times
 resulted in increased difluorination; in general, reactiontimes of 1 to 3 h were found to be optimal for most sub-strates. The necessity for brief reaction times may beattributed to putative degradation of the highly reactiveacylpyridinium salt following initial difluorination. Arepresentative comparison of reaction time to yield ofdifluorinated product is illustrated for PAC following aquench with aniline (Table 2).We also sought to assess the
 Figure 1. Reaction conditions for selective R,R-difluorination.
 Table 1. Screening of Lewis Acid Catalysts
 entry Lewis acid 2a:3a yield %
 1a BF3-Et20 � 0
 2a Sc(0Tf)3 � 0
 3a ln(OTf)3 � 0
 4a (PPh3)2PdCI2 � trace
 5a (dppp)NiCI2 � trace
 6a LiCIO4 � trace
 7a TiCI4 1:1 12%
 8a Zn(OTf)2 2:1 23%
 9a Sn(OTf)2 11:1 57%
 10b Sn(OTf)2 50:1 82%
 aReactions perfomedwith 20mol% catalyst loading; product ratiosand yields determined after 3 h. bRun with 10 mol % KBARF ascocatalyst.
 (10) For a review of fluorinated tetraarylborates as anionic phase-transfer catalysts, see: Ichikawa, J.;Kobayashi,H.; Sonada, T.Rep. Inst.Adv. Mater. Study 1988, 2, 189–207.
 (11) For a review of Selectfluor, see: Nyffeler, P. T.; Dur�on, S. G.;Burkart, M. D.; Vincent, S. P.; Wong, C.-H. Angew. Chem., Int. Ed.2005, 44, 192–212.
 (12) Wong, C.-H.; et al. Angew. Chem., Int. Ed. 2005, 44, 192–212.
 (13) (a) Erb, J.; Paull, D. H.; Dudding, T.; Belding, L.; Lectka, T. J.Am. Chem. Soc. 2011, 133, 7536–7546. (b) Paull, D. H.; Scerba, M. T.;Alden-Danforth, E.; Widger, L. R.; Lectka, T. J. Am. Chem. Soc. 2008,130, 17260–17261. (c) Erb, J.; Alden-Danforth, E.; Kopf, N.; Scerba,M. T.; Lectka, T. J. Org. Chem. 2010, 75, 969–971. (d) Abraham, C. J.;Paull, D. H.; Bekele, T.; Scerba, M. T.; Dudding, T.; Lectka, T. J. Am.Chem. Soc. 2008, 130, 17085–17094. (e) Paull, D. H.; Abraham, C. J.;Scerba,M. T.; Alden-Danforth, E.; Lectka, T.Acc. Chem. Res. 2008, 41,655–663.
 (14) Garnier, J. M.; Liu, F. Org. Biomol. Chem. 2009, 7, 1272–1275.

Page 3
                        

5070 Org. Lett., Vol. 13, No. 19, 2011
 scope of this reaction through a screening of acid chloridesubstrates (Table 3) employing aniline as a quenchingagent. Substitution of the aromatic ring with electron-richsubstituents was found to give unsatisfactory yields ofdifluorinated product (as opposed to more electron-defi-cient aromatics). Upon further analysis, steric effects werealso found to influence the selectivity of difluorination.Substrates possessing bulky substituents near the R-centerafforded predominantly monofluorinated products, andthose whose R-protons lack significant acidity were like-wise found to be ineffective candidates for difluorination.We speculate that the reaction may proceed via sequen-
 tial electrophilic addition of fluorine from an activatedSn(II) enolate intermediate (Scheme 1a).15 Quenching ofthe reaction with an appropriate nucleophile results indisplacement of pyridine and resultant product formation.Sulfur-containing substrates (entries 6 and 8, Table 3) mayinvolve internal chelation of tin through the carbonyl andsulfide groups, illustrated for entry 6 (Scheme 1b).
 In an advantage over previous methods of difluorina-tion, this reaction also provides accessibility to a host ofcarboxylic acid derivatives through selection of appropri-ate quenching agents. This in turn allows for variousderivitizations of the acid chloride employed (Table 4).In each case, appropriate functional groups can be synthe-sized in good to excellent yields from an aryl acetylchlorideprecursor, thereby eliminating the need for prefunctiona-lized substrates.Until now, fluorination of carbonyl compounds using
 metal enolates and Selectfluor has generally yielded
 monofluorinated products.16 However, acid chlorides,being susceptible to sequential enolization, have proveneffective substrates for difluorination in combination withan operationally straightforward tricomponent catalystsystem.
 Scheme 1. Proposed Tin Enolate Intermediates Derived fromAcid Chloride Substrates
 Table 2. Effect of Reaction Time on Yield Table 3. Survey of Acid Chloride Substrates
 aYields determined after 1 h. bYields after 2 h. cYields determinedafter 3 h. dYields determined after 24 h. Reactions run using Sn(OTf)2(20 mol %), KBARF (10 mol %), Pyridine (10 equiv),and Selectfluor(5 equiv) and quenched with H2NPh (3.5 equiv).
 Table 4. Derivitization of Acid Chlorides through QuenchingAgent Selection
 (15) For a review of tin(II) enolates, see: Mukaiyama, T. Pure Appl.Chem. 1986, 58, 505–512. (16) Peng, W.; Shreeve, J. M. J. Org. Chem. 2005, 70, 5760–5763.
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 Future work will concentrate on the elucidationof the reaction mechanism, as well as the expansionof the substrate scope to aliphatic acid chlorides andapplications to natural product derivitization. Func-tionalization of common therapeutics will likewise beexplored.
 Acknowledgment. J. E. thanks JHU for aGaryH. PosnerGraduate Fellowship. The authors also thank Prof. KennethKarlin for a gift of the KBARF salt.Supporting Information Available. Synthetic procedures
 andthecharacterizationdataofnewcompounds.Thismaterialis available freeof chargevia the Internet athttp://pubs.acs.org.
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