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Metal Carbenoid 

Chem. Rev., 2003, 103, 2861−2903 

•  Decomposition of diazo compounds is one of the more common ways to 
generate carbene due to functional groups versatility 

•  Classification of metal carbenoids 

Acceptor 
EWG = CO2R, COR, 
CONR2, NO2, SO2R  

Acceptor/Acceptor 
EWG = CO2R, COR, 
CONR2, NO2, SO2R, 
CN, CF3 

Donor/Acceptor 
EWG = CO2R, COR, 
CN, CF3  
EDG = vinyl, alkynyl, 
aryl, heteroaryl 
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Metal Carbenoid Reactions 

Chem. Rev. 1998, 98, 911−935 

Competing side reaction: carbene dimerization! 
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Useful Synthetic Tool: Chemoselective Carbene Dimerization 

•  Intramolecular 

•  Intermolecular 

•  Intermolecular: different carbene precursors 

Doyle, Org. Lett., 2000, 2, 1777-1779 
Similar work: Che1, Ru(II)-porphyrin 
cat. Z-selective  

Davies, Angew. Chem. Int. Ed. 2011, 
50, 2544 –2548 
Similar work: Sun2,3, Au(I) and Cu(II) 
cat. Z-selective  

Barluenga, Angew. Chem. Int. Ed. 
2001, 40, 3392 –3394 
Similar work: Wang4, difluorocarbene 
with diazo compound 

1.  Org. Lett., 2004, 6, 1621-1623 
2.  Angew. Chem. Int. Ed. 2014, 53, 11070-11074 
3.  Org. Lett., 2015, 17, 4244-4247 
4.  Angew. Chem. Int. Ed. 2016, 55, 273-277 
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Cyclopropene: Vinyl Metal Carbene Precursor 

Angew. Chem. Int. Ed. 2016, 55, 9134 –9166 

Excellent 3-carbon building block 

can underdo typical 
carbene transformations 

This work: 
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Optimization of Reaction Conditions 
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Scope of Cyclopropenes 
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Scope of Diazo Precursors 
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Proposed Reaction Pathways 

Which substrate reacts 
with Ru cat. first? 
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Competition Experiments of the Diazo Compounds 

Diazo compound bearing EDG is more reactive  
= diazo compound likely functions as nucleophile 
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Control Experiments 

Rate of formation of Ru(II) 
carbene from cyclopropane 
or diazo compound is similar 

Cyclopropene reacts first 
with Ru(II) cat. 
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Effects of Alkenyl Substituents 

Alkenyl substituent 
coordinates with Ru(II) cat., 
preventing interaction of 
substrates with the cat. 



13 

Proposed Catalytic Cycle 

coordination 

Ring opening Nucleophilic addition 
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Conclusions 

v  First report of cyclopropene as metal-catalyzed carbene dimerization precursor 

v  Highly selective substrates – homocoupling not observed 

v  New addition to the synthetic toolkit to construct C=C bond 

Future extensions: 

v  Improve E/Z selectivity & stereoselectivity 

v  EWG substituents on cyclopropene 

v  Narrow substrate scope – limit utility of method 


