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Abstract

Ruthenium-porphyrins are effective catalysts for a wide variety
of carbenoid transfer reactions, such as alkene cyclopropanation,
carbon-hydrogen, nitrogen-hydrogen, or sulfur-hydrogen (X-H,
X = C, N, S) bond insertion, diazo coupling, carbonyl or azomethine
ylide formation/1,3-dipolar cycloaddition, and halonium,
sulfonium, or ammonium ylide formation/[2,3]-sigmatropic
rearrangement reactions. Extensive studies have demonstrated that ruthenium-porphyrins
exhibit high stability, high product turnover numbers, and remarkable
selectivity in catalytic carbenoid transfer reactions. The catalysis
has been successfully applied to the synthesis of organic building
blocks and natural products, and to the modification of peptides
and proteins.

1 	Introduction

2 	Catalyst Types

3 	Cyclopropanation Reactions

4 	Carbon-Hydrogen, Nitrogen-Hydrogen, and
Sulfur-Hydrogen Bond Insertion Reactions

5 	Alkene Formation Reactions

5.1 	Coupling of Diazo Compounds

5.2 	Olefination of Aldehydes

6 	Ylide Formation and Subsequent Reactions

6.1 	Carbonyl Ylide Formation/1,3-Dipolar Cycloaddition 

6.2 	Azomethine Ylide Formation/1,3-Dipolar Cycloaddition

6.3 	Halonium Ylide Formation/[2,3]-Sigmatropic
Rearrangement

6.4 	Sulfonium or Ammonium Ylide Formation/[2,3]-Sigmatropic
Rearrangement

7 	Comparison of (Carbene)ruthenium-Porphyrin Complexes with
Iron and Osmium Analogues

8 	Conclusion


Key words

ruthenium - porphyrins - carbenoid transfer
reactions - catalysis - natural products







References

	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1A]1a 
             Doyle MP. 
            Chem. Rev. 
            1986, 
            86: 
            919 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1B]1b 
             Ye T. 
             McKervey MA. 
            Chem. Rev. 
            1994, 
            94: 
            1091 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1C]1c 
             Padwa A. 
             Weingarten MD. 
            Chem. Rev. 
            1996, 
            96: 
            223 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1D]1d 
             Doyle MP. 
             Forbes DC. 
            Chem.
Rev. 
            1998, 
            98: 
            911 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1E]1e 
             Doyle MP. 
             McKervey MA. 
             Ye T. 
             
              Modern Catalytic Methods
for Organic Synthesis with Diazo Compounds
              
            John
Wiley and Sons; 
            New York: 
            1998. 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1F]1f 
             Pfaltz A.  In  
              Comprehensive Asymmetric Catalysis
              
            Vol.
2: 
             Jacobsen EN. 
             Pfaltz A. 
             Yamamoto H. 
            Springer; 
            Berlin: 
            1999. 
             p.513 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1G]1g 
             Singh GS. 
             Mdee LK. 
            Curr.
Org. Chem. 
            2003, 
            7: 
            1821 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1H]1h 
             Davies HML. 
             Beckwith REJ. 
            Chem.
Rev. 
            2003, 
            103: 
            2861 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1I]1i 
             Wee AGH. 
            Curr. Org. Synth. 
            2006, 
            3: 
            499 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1J]1j 
             Bouyssi D. 
             Monteiro N. 
             Balme G. 
            Curr.
Org. Chem. 
            2008, 
            12: 
            1570 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1K]1k 
             Davies HML. 
             Manning JR. 
            Nature
(London) 
            2008, 
            451: 
            417 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1L]1l 
             Padwa A. 
            Chem.
Soc. Rev. 
            2009, 
            38: 
            3072 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1M]1m 
             Davies HML. 
             Denton JR. 
            Chem.
Soc. Rev. 
            2009, 
            38: 
            3061 
          




Google Scholar





	
[bookmark: RA56410ST-1][bookmark: RA56410ST-1N]1n 
             Doyle MP. 
             Duffy R. 
             Ratnikov M. 
             Zhou L. 
            Chem. Rev. 
            2010, 
            110: 
            704 
          




Google Scholar





	[bookmark: RA56410ST-2]2 
             Nishiyama H.  In   Ruthenium in Organic Synthesis
              
             Murahashi S.-I. 
            Wiley-VCH; 
            Weinheim: 
            2004. 
             p.179 
          






Google Scholar





	[bookmark: RA56410ST-3]3 
             Collman JP. 
             Brothers PJ. 
             McElwee-White L. 
             Rose E. 
             Wright LJ. 
            J. Am. Chem. Soc. 
            1985, 
            107: 
            4570 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-4]4 
             Collman JP. 
             Rose E. 
             Venburg GD. 
            J.
Chem. Soc., Chem. Commun. 
            1993, 
            934 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-5]5 
             Groves JT. 
             Quinn R. 
            J. Am. Chem. Soc. 
            1985, 
            107: 
            5790 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-6][bookmark: RA56410ST-6A]6a 
             Leung W.-H. 
             Che C.-M. 
            J.
Am. Chem. Soc. 
            1989, 
            111: 
            8812 
          




Google Scholar





	
[bookmark: RA56410ST-6][bookmark: RA56410ST-6B]6b 
             Ho C. 
             Leung W.-H. 
             Che C.-M. 
            J.
Chem. Soc., Dalton Trans. 
            1991, 
            2933 
          




Google Scholar





	
[bookmark: RA56410ST-7][bookmark: RA56410ST-7A]7a 
             Che C.-M. 
             Yam VW.-W. 
             Mak TCW. 
            J. Am. Chem. Soc. 
            1990, 
            112: 
            2284 
          




Google Scholar





	
[bookmark: RA56410ST-7][bookmark: RA56410ST-7B]7b 
             Fung W.-H. 
             Cheng W.-C. 
             Yu W.-Y. 
             Che C.-M. 
             Mak TCW. 
            J.
Chem. Soc., Chem. Commun. 
            1995, 
            2007 
          




Google Scholar





	
[bookmark: RA56410ST-7][bookmark: RA56410ST-7C]7c 
             Che C.-M. 
             Li C.-K. 
             Tang 
                W.-T. 
             Yu W.-Y. 
            J. Chem. Soc., Dalton Trans. 
            1992, 
            3153 
          




Google Scholar





	[bookmark: RA56410ST-8]8 
             Lo W.-C. 
             Che C.-M. 
             Cheng K.-F. 
             Mak TC.-W. 
            Chem. Commun. (Cambridge) 
            1997, 
            1205 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-9]9 
             Galardon E. 
             Le Maux P. 
             Simonneaux G. 
            Chem. Commun.
(Cambridge) 
            1997, 
            927 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-10]10 
             Frauenkron M. 
             Berkessel A. 
            Tetrahedron Lett. 
            1997, 
            38: 
            7175 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11A]11a 
             Galardon E. 
             Le Maux P. 
             Toupet L. 
             Simonneaux G. 
            Organometallics 
            1998, 
            17: 
            565 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11B]11b 
             Galardon E. 
             Roué S. 
             Le Maux P. 
             Simonneaux G. 
            Tetrahedron Lett. 
            1998, 
            39: 
            2333 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11C]11c 
             Galardon E. 
             Le Maux P. 
             Simonneaux G. 
            Tetrahedron 
            2000, 
            56: 
            615 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11D]11d 
             Simonneaux G. 
             De Montigny F. 
             Paul-Roth C. 
             Gulea M. 
             Masson S. 
            Tetrahedron
Lett. 
            2002, 
            43: 
            3685 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11E]11e 
             Paul-Roth C. 
             De Montigny F. 
             Rehtoré G. 
             Simonneaux G. 
             Gulea M. 
             Masson S. 
            J. Mol. Catal. A:Chem. 
            2003, 
            201: 
            79 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11F]11f 
             Poriel C. 
             Ferrand Y. 
             le Maux P. 
             Paul C. 
             Rault-Berthelot J. 
             Simonneaux G. 
            Chem. Commun. (Cambridge) 
            2003, 
            2308 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11G]11g 
             Ferrand Y. 
             Le Maux P. 
             Simonneaux G. 
            Org.
Lett. 
            2004, 
            6: 
            3211 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11H]11h 
             Paul-Roth C. 
             Rault-Berthelot J. 
             Simonneaux G. 
            Tetrahedron 
            2004, 
            60: 
            12169 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11I]11i 
             Ferrand Y. 
             Poriel C. 
             Le Maux P. 
             Rault-Berthelot J. 
             Simonneaux G. 
            Tetrahedron:
Asymmetry 
            2005, 
            16: 
            1463 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11J]11j 
             Ferrand Y. 
             Le Maux P. 
             Simonneaux G. 
            Tetrahedron: Asymmetry 
            2005, 
            16: 
            3829 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11K]11k 
             Le Maux P. 
             Juillard S. 
             Simonneaux G. 
            Synthesis 
            2006, 
            1701 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11L]11l 
             Le Maux P. 
             Roisnel T. 
             Nicolas I. 
             Simonneaux G. 
            Organometallics 
            2008, 
            27: 
            3037 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11M]11m 
             Nicolas I. 
             Le Maux P. 
             Simonneaux G. 
            Tetrahedron
Lett. 
            2008, 
            49: 
            2111 
          




Google Scholar





	
[bookmark: RA56410ST-11][bookmark: RA56410ST-11N]11n 
             Nicolas I. 
             Le Maux P. 
             Simonneaux G. 
            Tetrahedron
Lett. 
            2008, 
            49: 
            5793 
          




Google Scholar





	
[bookmark: RA56410ST-12][bookmark: RA56410ST-12A]12a 
             Frauenkron M. 
             Berkessel A. 
            Tetrahedron
Lett. 
            1998, 
            39: 
            727 
          




Google Scholar





	
[bookmark: RA56410ST-12][bookmark: RA56410ST-12B]12b 
             Berkessel A. 
             Kaiser P. 
             Lex J. 
            Chem.
Eur. J. 
            2003, 
            9: 
            4746 
          




Google Scholar





	[bookmark: RA56410ST-13]13 
             Gross Z. 
             Galili N. 
             Simkhovich L. 
            Tetrahedron
Lett. 
            1999, 
            40: 
            1571 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14A]14a 
             Che C.-M. 
             Huang J.-S. 
             Lee F.-W. 
             Li Y. 
             Lai T.-S. 
             Kwong H.-L. 
             Teng P.-F. 
             Lee W.-S. 
             Lo W.-C. 
             Peng 
                S.-M. 
             Zhou Z.-Y. 
            J.
Am. Chem. Soc. 
            2001, 
            123: 
            4119 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14B]14b 
             Zhang J.-L. 
             Zhou H.-B. 
             Huang J.-S. 
             Che C.-M. 
            Chem. Eur. J. 
            2002, 
            8: 
            1554 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14C]14c 
             Zhang J.-L. 
             Che C.-M. 
            Org. Lett. 
            2002, 
            4: 
            1911 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14D]14d 
             Zhang J.-L. 
             Liu Y.-L. 
             Che C.-M. 
            Chem.
Commun. (Cambridge) 
            2002, 
            2906 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14E]14e 
             Teng P.-F. 
             Lai T.-S. 
             Kwong H.-L. 
             Che C.-M. 
            Tetrahedron: Asymmetry 
            2003, 
            14: 
            837 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14F]14f 
             Zhang J.-L. 
             Chan PWH. 
             Che C.-M. 
            Tetrahedron
Lett. 
            2003, 
            44: 
            8733 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14G]14g 
             Deng Q.-H. 
             Chen J. 
             Huang J.-S. 
             Chui SS.-Y. 
             Zhu N. 
             Li G.-Y. 
             Che C.-M. 
            Chem.
Eur. J. 
            2009, 
            15: 
            10707 
          




Google Scholar





	
[bookmark: RA56410ST-14][bookmark: RA56410ST-14H]14h 
             Ho C.-M. 
             Zhang J.-L. 
             Zhou C.-Y. 
             Chan O.-Y. 
             Yan JJ. 
             Zhang F.-Y. 
             Huang J.-S. 
             Che C.-M. 
            J. Am. Chem. Soc. 
            2010, 
            132: 
            1886 
          




Google Scholar





	[bookmark: RA56410ST-15]15 
             Caselli A. 
             Gallo E. 
             Ragaini F. 
             Ricatto F. 
             Abbiati G. 
             Cenini S. 
            Inorg. Chim. Acta 
            2006, 
            359: 
            2924 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-16]16 
             Wada S. 
             Shimomura M. 
             Kikuchi T. 
             Yuge H. 
             Miyamoto TK. 
            J.
Porphyrins Phthalocyanines 
            2008, 
            12: 
            35 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-17][bookmark: RA56410ST-17A]17a 
             Li G.-Y. 
             Che C.-M. 
            Org.
Lett. 
            2004, 
            6: 
            1621 
          




Google Scholar





	
[bookmark: RA56410ST-17][bookmark: RA56410ST-17B]17b 
             Liu Y. 
             Xiao W. 
             Wong M.-K. 
             Che C.-M. 
            Org. Lett. 
            2007, 
            9: 
            4107 
          




Google Scholar





	[bookmark: RA56410ST-18]18 
             Galardon E. 
             Le Maux P. 
             Simonneaux G. 
            J.
Chem. Soc., Perkin Trans. 1 
            1997, 
            2455 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-19][bookmark: RA56410ST-19A]19a 
             Zheng S.-L. 
             Yu W.-Y. 
             Xu M.-X. 
             Che C.-M. 
            Tetrahedron
Lett. 
            2003, 
            44: 
            1445 
          




Google Scholar





	
[bookmark: RA56410ST-19][bookmark: RA56410ST-19B]19b 
             Cheung W.-H. 
             Zheng S.-L. 
             Yu W.-Y. 
             Zhou G.-C. 
             Che C.-M. 
            Org.
Lett. 
            2003, 
            5: 
            2535 
          




Google Scholar





	[bookmark: RA56410ST-20]20 
             Zheng S.-L. 
             Yu W.-Y. 
             Che C.-M. 
            Org.
Lett. 
            2002, 
            4: 
            889 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-21]21 
             Chen Y. 
             Huang L. 
             Ranade MA. 
             Zhang XP. 
            J. Org. Chem. 
            2003, 
            68: 
            3714 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RA56410ST-22][bookmark: RA56410ST-22A]22a 
             Chen J. 
             Che C.-M. 
            Angew.
Chem. Int. Ed. 
            2004, 
            43: 
            4950 
          




Google Scholar





	
[bookmark: RA56410ST-22][bookmark: RA56410ST-22B]22b 
             Jiang G. 
             Chen J. 
             Thu H.-Y. 
             Huang J.-S. 
             Zhu N. 
             Che C.-M. 
            Angew.
Chem. Int. Ed. 
            2008, 
            47: 
            6638 
          




Google Scholar





	
[bookmark: RA56410ST-23][bookmark: RA56410ST-23A]23a 
             Elakkari E. 
             Floris B. 
             Galloni P. 
             Tagliatesta P. 
            Eur.
J. Org. Chem. 
            2005, 
            889 
          




Google Scholar





	
[bookmark: RA56410ST-23][bookmark: RA56410ST-23B]23b 
             Tagliatesta P. 
             Elakkari E. 
             Leoni A. 
             Lembo A. 
             Cicero D. 
            New
J. Chem. 
            2008, 
            32: 
            1847 
          




Google Scholar





	[bookmark: RA56410ST-24]24 
             Simonneaux G. 
             Galardon E. 
             Paul-Roth C. 
             Gulea M. 
             Masson S. 
            J.
Organomet. Chem. 
            2001, 
            617-618: 
            360 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-25]25 
             Zhou C.-Y. 
             Yu W.-Y. 
             Chan PWH. 
             Che C.-M. 
            J. Org. Chem. 
            2004, 
            69: 
            7072 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RA56410ST-26][bookmark: RA56410ST-26A]26a 
             Zhou C.-Y. 
             Yu W.-Y. 
             Che C.-M. 
            Org. Lett. 
            2002, 
            4: 
            3235 
          




Google Scholar





	
[bookmark: RA56410ST-26][bookmark: RA56410ST-26B]26b 
             Li G.-Y. 
             Chen J. 
             Yu W.-Y. 
             Hong W. 
             Che 
                C.-M. 
            Org.
Lett. 
            2003, 
            5: 
            2153 
          




Google Scholar





	
[bookmark: RA56410ST-26][bookmark: RA56410ST-26C]26c 
             Zhou C.-Y. 
             Chan 
                PWH. 
             Yu W.-Y. 
             Che C.-M. 
            Synthesis 
            2003, 
            1403 
          




Google Scholar





	
[bookmark: RA56410ST-26][bookmark: RA56410ST-26D]26d 
             Xu H.-W. 
             Li G.-Y. 
             Wong M.-K. 
             Che C.-M. 
            Org. Lett. 
            2005, 
            7: 
            5349 
          




Google Scholar





	
[bookmark: RA56410ST-26][bookmark: RA56410ST-26E]26e 
             Wang M.-Z. 
             Xu H.-W. 
             Liu Y. 
             Wong M.-K. 
             Che C.-M. 
            Adv. Synth.
Catal. 
            2006, 
            348: 
            2391 
          




Google Scholar





	
[bookmark: RA56410ST-27][bookmark: RA56410ST-27A]27a 
             Simonneaux G. 
             Le Maux P. 
            Coord.
Chem. Rev. 
            2002, 
            228: 
            43 
          




Google Scholar





	
[bookmark: RA56410ST-27][bookmark: RA56410ST-27B]27b 
             Che C.-M. 
             Huang J.-S. 
            Coord. Chem. Rev. 
            2002, 
            231: 
            151 
          




Google Scholar





	
[bookmark: RA56410ST-27][bookmark: RA56410ST-27C]27c 
             Maas G. 
            Chem.
Soc. Rev. 
            2004, 
            33: 
            183 
          




Google Scholar





	
[bookmark: RA56410ST-27][bookmark: RA56410ST-27D]27d 
             Simonneaux G. 
             Le Maux P. 
             Ferrand Y. 
             Rault-Berthelot J. 
            Coord. Chem. Rev. 
            2006, 
            250: 
            2212 
          




Google Scholar





	[bookmark: RA56410ST-28]28 
             Suslick KS. 
             Fox MM. 
            J. Am. Chem. Soc. 
            1983, 
            105: 
            3507 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-29]29 
             Halterman RL. 
             Jan S.-T. 
            J. Org. Chem. 
            1991, 
            56: 
            5253 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-30]30 
             Yu X.-Q. 
             Huang J.-S. 
             Yu W.-Y. 
             Che C.-M. 
            J. Am. Chem. Soc. 
            2000, 
            122: 
            5337 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-31]31 
             Hartmann M. 
             Robert A. 
             Duarte V. 
             Keppler BK. 
             Meunier B. 
            J.
Biol. Inorg. Chem. 
            1997, 
            2: 
            427 
          






Google Scholar





	
[bookmark: RA56410ST-32][bookmark: RA56410ST-32A]32a 
             Wong HNC. 
             Hon M.-Y. 
             Tse C.-W. 
             Yip Y.-C. 
             Tanko J. 
             Hudlicky T. 
            Chem.
Rev. 
            1989, 
            89: 
            165 
          




Google Scholar





	
[bookmark: RA56410ST-32][bookmark: RA56410ST-32B]32b 
             
              The Chemistry
of the Cyclopropyl Group
              
             Rappoport Z. 
            John
Wiley and Sons; 
            Chichester: 
            1995. 
          




Google Scholar





	
[bookmark: RA56410ST-32][bookmark: RA56410ST-32C]32c 
            Cyclopropanes and
Related Rings;  de Meijere A. 
            Chem. Rev. 
            2003, 
            103(4): 
            931-1648  
          




Google Scholar





	[bookmark: RA56410ST-33]33 
             Csuk R. 
             Schabel MJ. 
             von Scholz Y. 
            Tetrahedron: Asymmetry 
            1996, 
            7: 
            3505 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-34][bookmark: RA56410ST-34A]34a 
             Fritschi H. 
             Leutenegger U. 
             Pfaltz A. 
            Helv. Chim. Acta 
            1988, 
            71: 
            1553 
          




Google Scholar





	
[bookmark: RA56410ST-34][bookmark: RA56410ST-34B]34b 
             Evans DA. 
             Woerpel KA. 
             Hinman MM. 
             Faul MM. 
            J.
Am. Chem. Soc. 
            1991, 
            113: 
            726 
          




Google Scholar





	
[bookmark: RA56410ST-34][bookmark: RA56410ST-34C]34c 
             Nishiyama H. 
             Itoh Y. 
             Matsumoto H. 
             Park S.-B. 
             Itoh K. 
            J.
Am. Chem. Soc. 
            1994, 
            116: 
            2223 
          




Google Scholar





	[bookmark: RA56410ST-35]35 
             Maxwell JL. 
             O’Malley S. 
             Brown KC. 
             Kodadek T. 
            Organometallics 
            1992, 
            11: 
            645 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-36]36 
             Park S.-B. 
             Sakata N. 
             Nishiyama H. 
            Chem.
Eur. J. 
            1996, 
            2: 
            303 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-37]37 
             Doyle MP. 
             Dorow RL. 
             Buhro WE. 
             Griffin JH. 
             Tamblyn WH. 
             Trudell ML. 
            Organometallics 
            1984, 
            3: 
            44 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-38][bookmark: RA56410ST-38A]38a 
             Aggarwal VK. 
             de Vicente J. 
             Bonnert RV. 
            Org. Lett. 
            2001, 
            3: 
            2785 
          




Google Scholar





	
[bookmark: RA56410ST-38][bookmark: RA56410ST-38B]38b 
             Aggarwal VK. 
             Alonso E. 
             Hynd G. 
             Lydon KM. 
             Palmer MJ. 
             Porcelloni M. 
             Studley JR. 
            Angew. Chem. Int. Ed. 
            2001, 
            40: 
            1430 
          




Google Scholar





	
[bookmark: RA56410ST-38][bookmark: RA56410ST-38C]38c 
             Aggarwal VK. 
             Alonso E. 
             Fang G. 
             Ferrara M. 
             Hynd G. 
             Porcelloni M. 
            Angew. Chem. Int. Ed. 
            2001, 
            40: 
            1433 
          




Google Scholar





	
[bookmark: RA56410ST-38][bookmark: RA56410ST-38D]38d 
             Aggarwal VK. 
             Fulton JR. 
             Sheldon CG. 
             de Vicente J. 
            J.
Am. Chem. Soc. 
            2003, 
            125: 
            6034 
          




Google Scholar





	[bookmark: RA56410ST-39]39 
             Hu W. 
             Timmons DJ. 
             Doyle MP. 
            Org.
Lett. 
            2002, 
            4: 
            901 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-40]40 
             Iwasa S. 
             Tsushima S. 
             Nishiyama K. 
             Tsuchiya Y. 
             Takezawa F. 
             Nishiyama H. 
            Tetrahedron: Asymmetry 
            2003, 
            14: 
            855 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-41]41 
             Antos JM. 
             Francis MB. 
            J. Am. Chem. Soc. 
            2004, 
            126: 
            10256 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RA56410ST-42][bookmark: RA56410ST-42A]42a 
             Callot HJ. 
             Metz F. 
            Tetrahedron
Lett. 
            1982, 
            23: 
            4321 
          




Google Scholar





	
[bookmark: RA56410ST-42][bookmark: RA56410ST-42B]42b 
             Callot HJ. 
             Metz F. 
            Nouv. J. Chim. 
            1985, 
            9: 
            167 
          




Google Scholar





	[bookmark: RA56410ST-43]43 
             Li Y. 
             Huang J.-S. 
             Zhou Z.-Y. 
             Che C.-M. 
            J. Am. Chem. Soc. 
            2001, 
            123: 
            4843 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RA56410ST-44]44 
             Ye T. 
             McKervey MA. 
             Brandes BD. 
             Doyle MP. 
            Tetrahedron Lett. 
            1994, 
            35: 
            7269 
          






CrossrefGoogle Scholar





	[bookmark: RA56410ST-45]45 
             Taber DF.  In   Comprehensive Organic Synthesis
              
            Vol.
3: 
             Trost BM. 
             Fleming I. 
             Pattenden G. 
            Pergamon; 
            Oxford: 
            1991. 
             p.1045 
          






Google Scholar





	[bookmark: RA56410ST-46]46 
             Doyle MP. 
             Shanklin MS. 
             Oon S.-M. 
             Pho HQ. 
             van der Heide FR. 
             Veal WR. 
            J.
Org. Chem. 
            1988, 
            53: 
            3384 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-47][bookmark: RA56410ST-47A]47a 
             Kulkowit S. 
             McKervey MA. 
            J.
Chem. Soc., Chem. Commun. 
            1978, 
            1069 
          




Google Scholar





	
[bookmark: RA56410ST-47][bookmark: RA56410ST-47B]47b 
             Oshima T. 
             Nagai T. 
            Tetrahedron Lett. 
            1980, 
            21: 
            1251 
          




Google Scholar





	
[bookmark: RA56410ST-47][bookmark: RA56410ST-47C]47c 
             Shankar BKR. 
             Shechter H. 
            Tetrahedron
Lett. 
            1982, 
            23: 
            2277 
          




Google Scholar





	
[bookmark: RA56410ST-47][bookmark: RA56410ST-47D]47d 
             Doyle MP. 
             Hu W. 
             Phillips IM. 
             Wee AGH. 
            Org.
Lett. 
            2000, 
            2: 
            1777 
          




Google Scholar





	
[bookmark: RA56410ST-47][bookmark: RA56410ST-47E]47e 
             Davies HML. 
             Hansen T. 
             Churchill MR. 
            J. Am. Chem. Soc. 
            2000, 
            122: 
            3063 
          




Google Scholar





	
[bookmark: RA56410ST-48][bookmark: RA56410ST-48A]48a 
             Park S.-B. 
             Nishiyama H. 
             Itoh Y. 
             Itoh K. 
            J.
Chem. Soc., Chem. Commun. 
            1994, 
            1315 
          




Google Scholar





	
[bookmark: RA56410ST-48][bookmark: RA56410ST-48B]48b 
             Baratta W. 
             Del Zotto A. 
             Rigo P. 
            Chem.
Commun. (Cambridge) 
            1997, 
            2163 
          




Google Scholar





	[bookmark: RA56410ST-49]49 
             Mirafzal GA. 
             Cheng G. 
             Woo LK. 
            J.
Am. Chem. Soc. 
            2002, 
            124: 
            176 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-50][bookmark: RA56410ST-50A]50a 
             Moore HW. 
             Decker OHW. 
            Chem. Rev. 
            1986, 
            86: 
            821 
          




Google Scholar





	
[bookmark: RA56410ST-50][bookmark: RA56410ST-50B]50b 
             Ho TL. 
             
              Tandem Organic Reactions
              
            John
Wiley and Sons; 
            New York: 
            1992. 
          




Google Scholar





	
[bookmark: RA56410ST-50][bookmark: RA56410ST-50C]50c 
             Tietze LF. 
             Beifuss U. 
            Angew. Chem.
Int. Ed. Engl. 
            1993, 
            32: 
            131 
          




Google Scholar





	
[bookmark: RA56410ST-50][bookmark: RA56410ST-50D]50d 
             Wender 
                PA. 
            Chem. Rev. 
            1996, 
            96: 
            1 
          




Google Scholar





	
[bookmark: RA56410ST-50][bookmark: RA56410ST-50E]50e 
             McMills MC. 
             Wright D.  In  
              Synthetic Applications of 1,3-Dipolar Cycloaddition Chemistry
Toward Heterocycles and Natural Products
              
             Padwa A. 
             Pearson WH. 
            John
Wiley and Sons; 
            New York: 
            2002. 
            Chap.
4. 
          




Google Scholar





	
[bookmark: RA56410ST-51][bookmark: RA56410ST-51A]51a 
             Li A.-H. 
             Dai L.-X. 
             Aggarwal VK. 
            Chem. Rev. 
            1997, 
            97: 
            2341 
          




Google Scholar





	
[bookmark: RA56410ST-51][bookmark: RA56410ST-51B]51b 
             Clark JS.  In  
              Nitrogen, Oxygen
and Sulfur Ylide Chemistry (Practical Approach in Chemistry Series)
              
             Clark JS. 
            Oxford
University Press; 
            Oxford: 
            2002. 
             p.1 
          




Google Scholar





	
[bookmark: RA56410ST-52][bookmark: RA56410ST-52A]52a 
             Padwa A. 
            Acc. Chem. Res. 
            1991, 
            24: 
            22 
          




Google Scholar





	
[bookmark: RA56410ST-52][bookmark: RA56410ST-52B]52b 
             Padwa A. 
             Hornbuckle SF. 
            Chem. Rev. 
            1991, 
            91: 
            263 
          




Google Scholar





	
[bookmark: RA56410ST-52][bookmark: RA56410ST-52C]52c 
             Hodgson DM. 
             Pierard FYTM. 
             Stupple PA. 
            Chem. Soc. Rev. 
            2001, 
            30: 
            50 
          




Google Scholar





	[bookmark: RA56410ST-53]53 
             Li Y. 
             Chan PWH. 
             Zhu N. 
             Che C.-M. 
             Kwong H.-L. 
            Organometallics 
            2004, 
            23: 
            54 
          






CrossrefGoogle Scholar





	
[bookmark: RA56410ST-54][bookmark: RA56410ST-54A]54a 
             West FG. 
             Naidu BN. 
            J.
Am. Chem. Soc. 
            1993, 
            115: 
            1177 
          




Google Scholar





	
[bookmark: RA56410ST-54][bookmark: RA56410ST-54B]54b 
             West FG. 
             Glaeske KW. 
             Naidu BN. 
            Synthesis 
            1993, 
            977 
          




Google Scholar





	
[bookmark: RA56410ST-54][bookmark: RA56410ST-54C]54c 
             West FG. 
             Naidu BN. 
            J.
Org. Chem. 
            1994, 
            59: 
            6051 
          




Google Scholar





	[bookmark: RA56410ST-55]55 
             Clark JS. 
             Middleton MD. 
            Org. Lett. 
            2002, 
            4: 
            765 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RA56410ST-56][bookmark: RA56410ST-56A]56a 
             Mattocks AR. 
             
              Chemistry
and Toxicology of Pyrrolizidine Alkaloids
              
            Academic; 
            London: 
            1986. 
          




Google Scholar





	
[bookmark: RA56410ST-56][bookmark: RA56410ST-56B]56b 
             Hartmann T. 
             Witte L.  In  
              Alkaloids:
Chemical and Biological Perspectives
              
            Vol. 9: 
             Pelletier SW. 
            Pergamon; 
            Oxford: 
            1995. 
             p.155 
          




Google Scholar





	
[bookmark: RA56410ST-56][bookmark: RA56410ST-56C]56c 
             Pereda-Miranda R.  In   Phytochemistry of
Medicinal Plants
              
             Arnason JT. 
             Mata R. 
             Romeo JT. 
            Plenum; 
            New York: 
            1995. 
             p.83 
          




Google Scholar





	
[bookmark: RA56410ST-56][bookmark: RA56410ST-56D]56d 
             Robins DJ. 
            Nat. Prod. Rep. 
            1995, 
            12: 
            413 ; and references therein




Google Scholar





	[bookmark: RA56410ST-57]57 
             Li Y. 
             Huang J.-S. 
             Xu G.-B. 
             Zhu N. 
             Zhou Z.-Y. 
             Che C.-M. 
             Wong K.-Y. 
            Chem. Eur. J. 
            2004, 
            10: 
            3486 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RA56410ST-58]58 
             Li Y. 
             Huang J.-S. 
             Zhou Z.-Y. 
             Che C.-M. 
             You X.-Z. 
            
            J.
Am. Chem. Soc. 
            2002, 
            124: 
            13185 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RA56410ST-59]59 
             Che C.-M. 
             Ho C.-M. 
             Huang J.-S. 
            Coord.
Chem. Rev. 
            2007, 
            251: 
            2145 
          






CrossrefGoogle Scholar


















    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.242.37.42
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  