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Abstract


The goal of this review is to highlight the applications of carbonylation reactions of alkenes in the total synthesis of natural compounds. These highly atom-economic reactions, which are known for their industrial applications, constitute attractive synthetic methodologies for the selective construction of carbonyl compounds. We aimed at the selection of recent methodologically attractive syntheses where carbonylations were applied as key steps. In addition, a few examples of the related carbonylation of allenes are shown.


1 	Introduction


2 	Hydroformylation


3 	Hydroaminomethylation and Related Tandem Hydroformylation Reactions


4 	Reppe Carbonylation


5 	Allylic Carbonylation


6 	Oxidative Carbonylation


7 	Pauson–Khand Reaction


8 	Summary and Outlook

        

      


        
[bookmark: N121AB]
Key words

total synthesis - 
        alkenes - 
        hydroformylation - 
        carbonylation - 
        Pauson–Khand reaction
      


 

[bookmark: ]

[bookmark: N12DB9]
	
References


	
[bookmark: OR000-1]1 These authors contributed equally. 










[bookmark: RL000-2]
	
[bookmark: BR000-2001]2a Beller M. Catalytic Carbonylation Reactions. Springer; Berlin/Heidelberg: 2006 





CrossrefGoogle Scholar





	
[bookmark: BR000-2002]2b Kollár L. Modern Carbonylation Methods. Wiley-VCH; Weinheim: 2008 





CrossrefGoogle Scholar





	
[bookmark: JR000-2003]2c Barnard CF. J. Organometallics 2008; 27: 5402 





Crossref





	
[bookmark: JR000-2004]2d Wu X.-F, Neumann H. ChemCatChem 2012; 4: 447 





Crossref





	
[bookmark: JR000-2005]2e Cavinato G, Toniolo L. Molecules 2014; 19: 15116 





Crossref





	
[bookmark: JR000-2006]2f Fang W, Zhu H, Deng Q, Liu S, Liu X, Shen Y, Tu T. Synthesis 2014; 46: 1689 





Article in Thieme Connect





	
[bookmark: JR000-2007]2g Quintero-Duque S, Dyballa KM, Fleischer I. Tetrahedron Lett. 2015; 56: 2634 





Crossref








	
[bookmark: BR000-3]3 Adams CR, Falbe J. Carbon Monoxide in Organic Synthesis. Springer; Berlin/Heidelberg: 2013 





Google Scholar





	
[bookmark: JR000-4]4 Mond L, Langer C, Quincke F. J. Chem. Soc., Trans. 1890; 57: 749 





Crossref





	
[bookmark: BR000-5]5 Pines H In Heterogeneous Catalysis, ACS Symposium Series Vol. 222. Davis BH, Hettinger WP. Jr. American Chemical Society; Washington DC: 1983: 23 





Google Scholar





	
[bookmark: JR000-6]6 Fischer F, Tropsch H. Ber. Dtsch. Chem. Ges. 1926; 59: 830 





Crossref






[bookmark: RL000-7]
	
[bookmark: OR000-7001]7a Roelen OD. German Patent DE849, 1938: 548 









	
[bookmark: JR000-7002]7b Cornils B, Herrmann WA, Rasch M. Angew. Chem. Int. Ed. 1994; 33: 2144 





Crossref








[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a Reppe W, Kröper H. Justus Liebigs Ann. Chem. 1953; 582: 38 





Crossref





	
[bookmark: JR000-8002]8b Reppe W. Justus Liebigs Ann. Chem. 1953; 582: 1 







	
[bookmark: JR000-8003]8c Kiss G. Chem. Rev. 2001; 101: 3435 





Crossref








[bookmark: RL000-9]
	
[bookmark: BR000-9001]9a Bohnen H.-W, Cornils B In 
            Advances in Catalysis
          . Vol. 47. Gates BC. Academic Press; San Diego: 2002: 1 





Google Scholar





	
[bookmark: BR000-9002]9b Breit B In 
            Metal Catalyzed Reductive C–C Bond Formation
          . Vol. 279. Krische M. Springer; Berlin/Heidelberg: 2007: 139 





CrossrefGoogle Scholar





	
[bookmark: JR000-9003]9c Vasylyev M, Alper H. Synthesis 2010; 2893 





Article in Thieme Connect





	
[bookmark: JR000-9004]9d Franke R, Selent D, Börner A. Chem. Rev. 2012; 112: 5675 





CrossrefPubMed





	
[bookmark: JR000-9005]9e Pospech J, Fleischer I, Franke R, Buchholz S, Beller M. Angew. Chem. Int. Ed. 2013; 52: 2852 





CrossrefPubMed





	
[bookmark: JR000-9006]9f Vilches-Herrera M, Domke L, Börner A. ACS Catal. 2014; 4: 1706 





Crossref








	
[bookmark: JR000-10]10 Kalck P, Urrutigoïty M. Inorg. Chim. Acta 2015; 431: 110 





Crossref






[bookmark: RL000-11]
	
[bookmark: BR000-11001]11a Gabriele B, Salerno G, Costa M In Catalytic Carbonylation Reactions. Vol. 18. Beller M. Springer; Berlin/Heidelberg: 2006: 239 





CrossrefGoogle Scholar





	
[bookmark: JR000-11002]11b Wu X.-F, Neumann H, Beller M. ChemSusChem 2013; 6: 229 





CrossrefPubMed








[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a Struebing D, Beller M. Catalytic Carbonylation Reactions 2006; 18: 165 









	
[bookmark: JR000-12002]12b Shibata T. Adv. Synth. Catal. 2006; 348: 2328 







	
[bookmark: JR000-12003]12c Lee H.-W, Kwong F.-Y. Eur. J. Org. Chem. 2010; 789 









	
[bookmark: BR000-12004]12d Van Ornum SG, Hoerner S, Cook JM In 
            The Pauson–Khand Reaction
          . Torres RR. John Wiley & Sons; Hoboken: 2012: 211 





CrossrefGoogle Scholar








	
[bookmark: JR000-13]13 Evans D, Osborn JA, Wilkinson G. J. Chem. Soc., A 1968; 3133 





Crossref





	
[bookmark: JR000-14]14 Sun P, Sun CX, Weinreb SM. J. Org. Chem. 2002; 67: 4337 





CrossrefPubMed





	
[bookmark: JR000-15]15 Biard JF, Guyot S, Roussakis C, Verbist JF, Vercauteren J, Weber JF, Boukef K. Tetrahedron Lett. 1994; 35: 2691 





Crossref





	
[bookmark: JR000-16]16 Spangenberg T, Breit B, Mann A. Org. Lett. 2009; 11: 261 





Crossref





	
[bookmark: JR000-17]17 Airiau E, Spangenberg T, Girard N, Breit B, Mann A. Org. Lett. 2010; 12: 528 





Crossref





	
[bookmark: JR000-18]18 Chauhan PS, Sacher JR, Weinreb SM. Org. Lett. 2015; 17: 806 





Crossref





	
[bookmark: JR000-19]19 Kemme ST, Smejkal T, Breit B. Adv. Synth. Catal. 2008; 350: 989 





Crossref





	
[bookmark: JR000-20]20 Kasun ZA, Gao X, Lipinski RM, Krische MJ. J. Am. Chem. Soc. 2015; 137: 8900 





Crossref





	
[bookmark: JR000-21]21 Grafe U, Schade W, Roth M, Radics L, Incze M, Ujszaszy K. J. Antibiot. 1984; 37: 836 





Crossref





	
[bookmark: JR000-22]22 Kim IS, Han SB, Krische MJ. J. Am. Chem. Soc. 2009; 131: 2514 








[bookmark: RL000-23]
	
[bookmark: JR000-23001]23a Waldeck AR, Krische MJ. Angew. Chem. Int. Ed. 2013; 52: 4470 





Crossref





	
[bookmark: JR000-23002]23b Gao X, Woo SK, Krische MJ. J. Am. Chem. Soc. 2013; 135: 4223 







	
[bookmark: JR000-23003]23c Del Valle DJ, Krische MJ. J. Am. Chem. Soc. 2013; 135: 10986 










	
[bookmark: JR000-24]24 Breit B, Zahn SK. J. Org. Chem. 2001; 66: 4870 





Crossref






[bookmark: RL000-25]
	
[bookmark: JR000-25001]25a Agbossou F, Carpentier JF, Mortreaux A. Chem. Rev. 1995; 95: 2485 





Crossref





	
[bookmark: BR000-25002]25b Perandones BF, Godard C, Claver C In Hydroformylation for Organic Synthesis. Vol. 342. Taddei M, Mann A. 2013: 79 





CrossrefGoogle Scholar








	
[bookmark: JR000-26]26 Rousseau G, Breit B. Angew. Chem. Int. Ed. 2011; 50: 2450 





Crossref






[bookmark: RL000-27]
	
[bookmark: JR000-27001]27a Burke SD, Cobb JE. Tetrahedron Lett. 1986; 27: 4237 





Crossref





	
[bookmark: JR000-27002]27b Burke SD, Cobb JE, Takeuchi K. J. Org. Chem. 1990; 55: 2138 





Crossref








	
[bookmark: JR000-28]28 Breit B. Angew. Chem. Int. Ed. 1996; 35: 2835 





Crossref





	
[bookmark: JR000-29]29 Rein C, Demel P, Outten RA, Netscher T, Breit B. Angew. Chem. Int. Ed. 2007; 46: 8670 





Crossref





	
[bookmark: JR000-30]30 Breit B, Demel P. Adv. Synth. Catal. 2001; 343: 429 





Crossref





	
[bookmark: JR000-31]31 Laemmerhold KM, Breit B. Angew. Chem. Int. Ed. 2010; 49: 2367 





Crossref






[bookmark: RL000-32]
	
[bookmark: JR000-32001]32a Burnell RH, Mootoo BS. Can. J. Chem. 1961; 39: 1090 





Crossref





	
[bookmark: JR000-32002]32b Ma X, Gang DR. Nat. Prod. Rep. 2004; 21: 752 





CrossrefPubMed








	
[bookmark: JR000-33]33 Woo SK, Kwon MS, Lee E. Angew. Chem. Int. Ed. 2008; 47: 3242 





Crossref





	
[bookmark: JR000-34]34 Wunsch S, Breit B. Chem. Eur. J. 2015; 21: 2358 





Crossref





	
[bookmark: JR000-35]35 Risi RM, Burke SD. Org. Lett. 2012; 14: 1180 





Crossref





	
[bookmark: JR000-36]36 Clark TP, Landis CR, Freed SL, Klosin J, Abboud KA. J. Am. Chem. Soc. 2005; 127: 5040 





Crossref





	
[bookmark: JR000-37]37 Risi RM, Maza AM, Burke SD. J. Org. Chem. 2015; 80: 204 





CrossrefPubMed





	
[bookmark: JR000-38]38 Yu Z, Ely RJ, Morken JP. Angew. Chem. Int. Ed. 2014; 53: 9632 





Crossref





	
[bookmark: JR000-39]39 Gunasekera SP, Gunasekera M, Longley RE, Schulte GK. J. Org. Chem. 1990; 55: 4912 





Crossref





	
[bookmark: BR000-40]40 Longley R In Natural Products and Cancer Drug Discovery. Koehn FE. Springer; New York: 2013: 39 





CrossrefGoogle Scholar





	
[bookmark: JR000-41]41 Mickel SJ. Pure Appl. Chem. 2007; 79: 685 









	
[bookmark: JR000-42]42 Burk MJ, Feaster JE, Nugent WA, Harlow RL. J. Am. Chem. Soc. 1993; 115: 10125 







	
[bookmark: JR000-43]43 Horiuchi T, Ohta T, Nozaki K, Takaya H. Chem. Commun. 1996; 155 









	
[bookmark: JR000-44]44 Liu P, Jacobsen EN. J.  Am. Chem. Soc. 2001; 123: 10772 





Crossref






[bookmark: RL000-45]
	
[bookmark: JR000-45001]45a Bondžić BP. J. Mol. Catal. A: Chem. 2015; 408: 310 





Crossref





	
[bookmark: BR000-45002]45b Petricci E, Cini E In Hydroformylation for Organic Synthesis. Taddei M, Mann A. Springer; Berlin/Heidelberg: 2013: 117 





CrossrefGoogle Scholar








[bookmark: RL000-46]
	
[bookmark: JR000-46001]46a Ahmed M, Seayad AM, Jackstell R, Beller M. J. Am. Chem. Soc. 2003; 125: 10311 





Crossref





	
[bookmark: JR000-46002]46b Rische T, Eilbracht P. Synthesis 1997; 1331 





Article in Thieme Connect





	
[bookmark: JR000-46003]46c Hamers B, Baeuerlein PS, Muller C, Vogt D. Adv. Synth. Catal. 2008; 350: 332 





Crossref





	
[bookmark: JR000-46004]46d Liu G, Huang K, Cai C, Cao B, Chang M, Wu W, Zhang X. Chem. Eur. J. 2011; 17: 14559 





Crossref





	
[bookmark: JR000-46005]46e Wu L, Fleischer I, Jackstell R, Beller M. J. Am. Chem. Soc. 2013; 135: 3989 





Crossref








	
[bookmark: JR000-47]47 Briggs JR, Klosin J, Whiteker GT. Org. Lett. 2005; 7: 4795 





Crossref





	
[bookmark: JR000-48]48 Angelovski G, Eilbracht P. Tetrahedron 2003; 59: 8265 





Crossref





	
[bookmark: JR000-49]49 Whiteker GT. Top. Catal. 2010; 53: 1025 





Crossref





	
[bookmark: JR000-50]50 Li S, Huang K, Zhang J, Wu W, Zhang X. Org. Lett. 2013; 15: 1036 





Crossref





	
[bookmark: JR000-51]51 Duebon P, Farwick A, Helmchen G. Synlett 2009; 1413 





Article in Thieme Connect





	
[bookmark: JR000-52]52 Chiou W.-H, Kao C.-L, Tsai J.-C, Chang Y.-M. Chem. Commun. 2013; 49: 8232 





CrossrefPubMed





	
[bookmark: JR000-53]53 Chiou WH, Schoenfelder A, Mann A, Ojima I. Pure Appl. Chem. 2008; 80: 1019 









	
[bookmark: JR000-54]54 Ren H, Wulff WD. Org. Lett. 2013; 15: 242 







	
[bookmark: JR000-55]55 Bates RW, Kasinathan S. Tetrahedron 2013; 69: 3088 





Crossref





	
[bookmark: JR000-56]56 Jung HH, Seiders JR, Floreancig PE. Angew. Chem. Int. Ed. 2007; 46: 8464 





Crossref





	
[bookmark: JR000-57]57 Breit B, Seiche W. J. Am. Chem. Soc. 2003; 125: 6608 





Crossref





	
[bookmark: JR000-58]58 Hornberger KR, Hamblett CL, Leighton JL. J. Am. Chem. Soc. 2000; 122: 12894 





Crossref






[bookmark: RL000-59]
	
[bookmark: JR000-59001]59a Clegg W, Eastham GR, Elsegood MR. J, Tooze RP, Wang XL, Whiston K. Chem. Commun. 1999; 1877 









	
[bookmark: JR000-59002]59b Jiménez-Rodriguez C, Eastham GR, Cole-Hamilton DJ. Inorg. Chem. Commun. 2005; 8: 878 





Crossref








	
[bookmark: JR000-60]60 Wang Y, Zhu L, Zhang Y, Hong R. Angew. Chem. Int. Ed. 2011; 50: 2787 





CrossrefPubMed





	
[bookmark: JR000-61]61 Lin W, Ye Y, Xu R. J. Nat. Prod. 1992; 55: 571 





CrossrefPubMed





	
[bookmark: JR000-62]62 Jacobi PA, Lee K. J. Am. Chem. Soc. 1997; 119: 3409 







	
[bookmark: JR000-63]63 Zhang Y.-A, Liu Q, Wang C, Jia Y. Org. Lett. 2013; 15: 3662 





CrossrefPubMed






[bookmark: RL000-64]
	
[bookmark: JR000-64001]64a Mitsudo T, Suzuki N, Kondo T, Watanabe Y. J. Org. Chem. 1994; 59: 7759 







	
[bookmark: JR000-64002]64b Naigre R, Alper H. J. Mol. Catal. A: Chem. 1996; 111: 11 





Crossref





	
[bookmark: JR000-64003]64c Takeuchi R, Akiyama Y. J. Organomet. Chem. 2002; 651: 137 





Crossref





	
[bookmark: JR000-64004]64d Liu Q, Wu L, Jiao H, Fang X, Jackstell R, Beller M. Angew. Chem. Int. Ed. 2013; 52: 8064 





CrossrefPubMed








	
[bookmark: JR000-65]65 Knight JG, Tchabanenko K. Tetrahedron 2003; 59: 281 







	
[bookmark: JR000-66]66 Elbein AD. Ann. Rev. Biochem. 1987; 56: 497 





Crossref





	
[bookmark: JR000-67]67 Davies SG, Roberts PM, Stephenson PT, Storr HR, Thomson JE. Tetrahedron 2009; 65: 8283 





Crossref






[bookmark: RL000-68]
	
[bookmark: JR000-68001]68a Dreisbach RH. J. Pharmacol. Exp. Ther. 1961; 131: 257 









	
[bookmark: JR000-68002]68b Levy B, Ahliquist RP. J. Pharmacol. Exp. Ther. 1962; 137: 219 









	
[bookmark: JR000-68003]68c Dreisbach RH. Am. J. Physiol. 1963; 204: 497 









	
[bookmark: JR000-68004]68d Watson PG. Br. J. Ophthalmol. 1972; 56: 145 





Crossref





	
[bookmark: JR000-68005]68e Schwartz B. N. Engl. J. Med. 1978; 290: 182 












	
[bookmark: JR000-69]69 Fenton DM, Steinwand PJ. J. Org. Chem. 1972; 37: 2034 





Crossref





	
[bookmark: JR000-70]70 Semmelhack MF, Bodurow C. J. Am. Chem. Soc. 1984; 106: 1496 







	
[bookmark: JR000-71]71 Hegedus LS, Allen GF, Olsen DJ. J. Am. Chem. Soc. 1980; 102: 3583 







	
[bookmark: JR000-72]72 Li Z, Gao Y, Tang Y, Dai M, Wang G, Wang Z, Yang Z. Org. Lett. 2008; 10: 3017 





CrossrefPubMed





	
[bookmark: JR000-73]73 Liao Y, Smith J, Fathi R, Yang Z. Org. Lett. 2005; 7: 2707 





Crossref





	
[bookmark: JR000-74]74 Ebner C, Carreira EM. Angew. Chem. Int. Ed. 2015; 54: 11227 





CrossrefPubMed





	
[bookmark: JR000-75]75 Wang L.-N, Zhang J.-Z, Li X, Wang X.-N, Xie C.-F, Zhou J.-C, Lou H.-X. Org. Lett. 2012; 14: 1102 





Crossref





	
[bookmark: JR000-76]76 Andrews IP, Ketcham JM, Blumberg PM, Kedei N, Lewin NE, Peach ML, Krische MJ. J. Am. Chem. Soc. 2014; 136: 13209 





Crossref






[bookmark: RL000-77]
	
[bookmark: JR000-77001]77a Markovic M, Duranova M, Koos P, Szolcsanyi P, Gracza T. Tetrahedron 2013; 69: 4185 





Crossref





	
[bookmark: JR000-77002]77b Karlubikova OG, Babjak M, Gracza T. Tetrahedron 2011; 67: 4980 





Crossref





	
[bookmark: JR000-77003]77c Babjak M, Kapitan P, Gracza T. Tetrahedron 2005; 61: 2471 





Crossref








	
[bookmark: JR000-78]78 Kuntiyong P, Lee TH, Kranemann CL, White JD. Org. Biomol. Chem. 2012; 10: 7884 





Crossref





	
[bookmark: JR000-79]79 Yang Z, Xie X, Jing P, Zhao G, Zheng J, Zhao C, She X. Org. Biomol. Chem. 2011; 9: 984 





Crossref





	
[bookmark: JR000-80]80 Nesbitt CL, McErlean CS. P. Org. Biomol. Chem. 2011; 9: 2198 





CrossrefPubMed





	
[bookmark: JR000-81]81 Csatayova K, Spanik I, Durisova V, Szolcsanyi P. Tetrahedron Lett. 2010; 51: 6611 





Crossref





	
[bookmark: JR000-82]82 Hayes PY, Kitching W. J. Am. Chem.  Soc. 2002; 124: 9718 





Crossref





	
[bookmark: JR000-83]83 Bai Y, Davis DC, Dai M. Angew. Chem. Int. Ed. 2014; 53: 6519 





CrossrefPubMed





	
[bookmark: JR000-84]84 Tietze LF, Spiegl DA, Stecker F, Major J, Raith C, Große C. Chem. Eur. J. 2008; 14: 8956 





Crossref





	
[bookmark: JR000-85]85 Turner WB. J. Chem. Soc., Perkin Trans. 1 1978; 1621 









	
[bookmark: JR000-86]86 Tietze LF, Sommer KM, Zinngrebe J, Stecker F. Angew. Chem. Int. Ed. 2005; 44: 257 





Crossref






[bookmark: RL000-87]
	
[bookmark: JR000-87001]87a Tietze LF, Jackenkroll S, Hierold J, Ma L, Waldecker B. Chem. Eur. J. 2014; 20: 8628 





Crossref





	
[bookmark: JR000-87002]87b Tietze LF, Ma L, Reiner JR, Jackenkroll S, Heidemann S. Chem. Eur. J. 2013; 19: 8610 





Crossref





	
[bookmark: JR000-87003]87c Tietze LF, Jackenkroll S, Raith C, Spiegl DA, Reiner JR, Campos MC. O. Chem. Eur. J. 2013; 19: 4876 





Crossref








	
[bookmark: JR000-88]88 Ham WH, Jung YH, Lee K, Oh CY, Lee KY. Tetrahedron Lett. 1997; 38: 3247 





Crossref





	
[bookmark: JR000-89]89 Wegge TS. S, Seitz G. Pharmazie 2000; 50: 779 









	
[bookmark: JR000-90]90 Szolcsányi P, Gracza T, Koman M, Prónayová N, Liptaj T. Tetrahedron: Asymmetry 2000; 11: 2579 





Crossref





	
[bookmark: JR000-91]91 Ambrosini LM, Cernak TA, Lambert TH. Tetrahedron 2010; 66: 4882 





Crossref






[bookmark: RL000-92]
	
[bookmark: JR000-92001]92a Khand IU, Knox GR, Pauson PL, Watts WE, Foreman MI. J. Chem. Soc., Perkin Trans. 1 1973; 977 





Crossref





	
[bookmark: JR000-92002]92b Khand IU, Knox GR, Pauson PL, Watts WE. J. Chem. Soc., Perkin Trans. 1 1973; 975 





Crossref








	
[bookmark: JR000-93]93 Schore NE, Croudace MC. J. Org. Chem. 1981; 46: 5436 







	
[bookmark: JR000-94]94 Jeong N, Hwang SH, Lee Y, Chung YK. J. Am. Chem. Soc. 1994; 116: 3159 








[bookmark: RL000-95]
	
[bookmark: JR000-95001]95a Kondo T, Suzuki N, Okada T, Mitsudo T. J. Am. Chem. Soc. 1997; 119: 6187 







	
[bookmark: JR000-95002]95b Morimoto T, Chatani N, Fukumoto Y, Murai S. J. Org. Chem. 1997; 62: 3762 










	
[bookmark: JR000-96]96 Jeong N. Organometallics 1998; 17: 3642 








[bookmark: RL000-97]
	
[bookmark: JR000-97001]97a Shibata T, Takagi K. J. Am. Chem. Soc. 2000; 122: 9852 







	
[bookmark: JR000-97002]97b Shibata T, Toshida N, Yamasaki M, Maekawa S, Takagi K. Tetrahedron 2005; 61: 9974 










	
[bookmark: JR000-98]98 Hicks FA, Kablaoui NM, Buchwald SL. J. Am. Chem. Soc. 1996; 118: 9450 





Crossref






[bookmark: RL000-99]
	
[bookmark: JR000-99001]99a Jeong N, Sung BK, Choi YK. J. Am. Chem. Soc. 2000; 122: 6771 







	
[bookmark: JR000-99002]99b Hicks FA, Buchwald SL. J. Am. Chem. Soc. 1996; 118: 11688 





Crossref








	
[bookmark: JR000-100]100 Vazquez-Romero A, Verdaguer X, Riera A. Eur. J. Org. Chem. 2013; 1716 









	
[bookmark: JR000-101]101 Su S, Rodriguez RA, Baran PS. J. Am. Chem. Soc. 2011; 133: 13922 





Crossref






[bookmark: RL000-102]
	
[bookmark: JR000-102001]102a Itoh N, Iwata T, Sugihara H, Inagaki F, Mukai C. Chem. Eur. J. 2013; 19: 8665 





CrossrefPubMed





	
[bookmark: JR000-102002]102b Huang J, Fang L, Gong J, Li C, Yang Z. Tetrahedron 2014; 71: 3720 












	
[bookmark: JR000-103]103 Xiao Q, Ren W.-W, Chen Z.-X, Sun T.-W, Li Y, Ye Q.-D, Gong J.-X, Meng F.-K, You L, Liu Y.-F, Zhao M.-Z, Xu L.-M, Shan Z.-H, Shi Y, Tang Y.-F, Chen J.-H, Yang Z. Angew. Chem. Int. Ed. 2011; 50: 7373 





Crossref





	
[bookmark: JR000-104]104 Tang Y, Deng L, Zhang Y, Dong G, Chen J, Yang Z. Org. Lett. 2005; 7: 593 







	
[bookmark: JR000-105]105 Xiao W.-L, Li R.-T, Huang S.-X, Pu J.-X, Sun H.-D. Nat. Prod. Rep. 2008; 25: 871 





Crossref





	
[bookmark: JR000-106]106 You L, Liang X.-T, Xu L.-M, Wang Y.-F, Zhang J.-J, Su Q, Li Y.-H, Zhang B, Yang S.-L, Chen J.-H, Yang Z. J. Am. Chem. Soc. 2015; 137: 10120 





Crossref





	
[bookmark: JR000-107]107 Liu Q, Yue G, Wu N, Lin G, Li Y, Quan J, Li C.-c, Wang G, Yang Z. Angew. Chem. Int. Ed. 2012; 51: 12072 





Crossref





	
[bookmark: JR000-108]108 Huang J, Fang L, Long R, Shi L.-L, Shen H.-J, Li C.-c, Yang Z. Org. Lett. 2013; 15: 4018 







	
[bookmark: JR000-109]109 Hayashi Y, Inagaki F, Mukai C. Org. Lett. 2011; 13: 1778 





Crossref





	
[bookmark: JR000-110]110 Fujioka K, Yokoe H, Yoshida M, Shishido K. Org. Lett. 2012; 14: 244 







	
[bookmark: JR000-111]111 Takahashi C, Numata A, Yamada T, Minoura K, Enomoto S, Konishi K, Nakai M, Matsuda C, Nomoto K. Tetrahedron Lett. 1996; 37: 655 





Crossref





	
[bookmark: JR000-112]112 Trost BM, Papillon JP. N, Nussbaumer T. J. Am. Chem. Soc. 2005; 127: 17921 





Crossref





	
[bookmark: JR000-113]113 Fujioka K, Yokoe H, Inoue A, Soga K, Tsubuki M, Shishido K. J. Org. Chem. 2014; 79: 7512 





Crossref





	
[bookmark: JR000-114]114 Brummond KM, Chen H, Fisher KD, Kerekes AD, Rickards B, Sill PC, Geib SJ. Org. Lett. 2002; 4: 1931 








[bookmark: RL000-115]
	
[bookmark: JR000-115001]115a Grillet F, Huang C, Brummond KM. Org. Lett. 2011; 13: 6304 





Crossref





	
[bookmark: JR000-115002]115b Hayashi Y, Ogawa K, Inagaki F, Mukai C. Org. Biomol. Chem. 2012; 10: 4747 





Crossref








[bookmark: RL000-116]
	
[bookmark: JR000-116001]116a Jørgensen L, McKerrall SJ, Kuttruff CA, Ungeheuer F, Felding J, Baran PS. Science 2013; 341: 878 





CrossrefPubMed





	
[bookmark: JR000-116002]116b McKerrall SJ, Joergensen L, Kuttruff CA, Ungeheuer F, Baran PS. J. Am. Chem. Soc. 2014; 136: 5799 










	
[bookmark: JR000-117]117 Hecker E. Cancer Res. 1968; 28: 2338 









	
[bookmark: JR000-118]118 Williams DR, Shah AA. J. Am. Chem. Soc. 2014; 136: 8829 





Crossref





	
[bookmark: JR000-119]119 Rodríguez II, Rodríguez AD, Wang Y, Franzblau SG. Tetrahedron Lett. 2006; 47: 3229 





Crossref





	
[bookmark: JR000-120]120 Williams DR, Shah AA, Mazumder S, Baik M.-H. Chem. Sci. 2013; 4: 238 





Crossref






[bookmark: RL000-121]
	
[bookmark: JR000-121001]121a Morimoto T, Kakiuchi K. Angew. Chem. Int. Ed. 2004; 43: 5580 





CrossrefPubMed





	
[bookmark: JR000-121002]121b Konishi H, Manabe K. Synlett 2014; 25: 1971 





Article in Thieme Connect





	
[bookmark: JR000-121003]121c Wu L, Liu Q, Jackstell R, Beller M. Angew. Chem. Int. Ed. 2014; 53: 6310 





CrossrefPubMed





	
[bookmark: JR000-121004]121d Makado G, Morimoto T, Sugimoto Y, Tsutsumi K, Kagawa N, Kakiuchi K. Adv. Synth. Catal. 2010; 352: 299 





Crossref





	
[bookmark: JR000-121005]121e Kopfer A, Sam B, Breit B, Krische MJ. Chem. Sci. 2013; 4: 1876 





Crossref





	
[bookmark: JR000-121006]121f Wang Y, Ren W, Li J, Wang H, Shi Y. Org. Lett. 2014; 16: 5960 





CrossrefPubMed





	
[bookmark: JR000-121007]121g Li B, Lee S, Shin K, Chang S. Org. Lett. 2014; 16: 2010 







	
[bookmark: JR000-121008]121h Gehrtz PH, Hirschbeck V, Fleischer I. Chem. Commun. 2015; 51: 12574 





CrossrefPubMed





	
[bookmark: JR000-121009]121i Liu Q, Yuan K, Arockiam P.-B, Franke R, Doucet H, Jackstell R, Beller M. Angew. Chem. Int. Ed. 2015; 54: 4493 





CrossrefPubMed







    




 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.199.198.16
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  