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Regioselective functionalization of olefins. 

The functionalization of petroleum derivatives to give value-added chemicals such as amines, alcohols, 

carbonyls, or phosphines is an important challenge that requires elaboration.  For the generation of 

amines, the use of coinage metal compounds to catalyze insertion of nitrenes (NR units) into C-H and 

unsaturated carbon-carbon bonds has been gaining prominence because of the highly active and 

inexpensive nature of copper and the ability for silver and gold complexes to promote alternate 

chemistry not enjoyed by the lighter element.  

At the outset of this project, we examined the aziridination of styrene to give the N-tosyl-1-

phenylaziridine (tosyl = p-tolyuenesulfonyl) as a model reaction where the nitrene was generated in-situ 

with hypervalent iodine reagent, PhI(OAc)2, acting on the primary amine.  The screening of several new 

silver complexes spanning a range of formamidinate and nitrogen-confused C-scorpionates identified 

the latter class to be promising for this aziridination reaction (Figure 1).  Surprisingly, the bulkiest 

derivative, [Ag(TsL*)2](O3SCF3), 1, was the most efficient catalyst.  Next, copper and silver complexes of  

 

Figure 1.  Screening silver catalysts for their efficacy in the aziridination of styrene. 

bulkier scorpionate ligands with diisopropylpyrazolyl groups were examined to test effects of sterics and 

metal on activity.  The bulker silver derivatives show showed significantly reduced activity (ca. 15% 

conversion) compared to 1. As expected, the copper complexes significantly  out performed the silver 

derivatives with the most active being,  [Cu(TsL*)n](PF6) (n =1, 65%; n = 2, 59%) and [Cu(HLiPr)2](PF6) (64%; 

the ligand has Y = H, R=iPr in copper analogues of Fig. 1, left).  All other copper complexes gave 50% 

conversion or lower.  Given that related copper tris(pyrazolyl)borates give nearly quantitative  
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conversion for this reaction under less 

vigourous conditions, the disparate 

solution behaviour was pinpointed as the 

origin of lower activity in complexes 

supported by charge neutral C-

scorpionates.  From 1H NMR and ESI-

mass spectrometry data, indicated that the current compexes are involved multiple dynamic equilibria, 

including those described by Equations 1-3 and solvent association/dissociation.  Chnges in steric buld 

may affect the solution speciation.  These equilibria are prevented in univalent coinage metal 

tris(pyrazolyl)borates because the ligands are anionic.  In order to improve catalyst performance, new 

tetradentate ligands have been designed to decrease or prevent ligand dissociation reactions.  We 

prepared the first new tetradentate-N4 ligands based on appending a picolyl group to the unique 

nitrogen of the confused pyrazolyl ring (top left Figure 2). The preparation of silver and copper 

complexes are currently being pursued and their capabiiltes as nitrene transfer catalysts will then be 

tested.   

SInce tetradentate-N4 ligands are known to support high valent oxoiron species that can participate in 

both C-H activation reactions of 

alkanes and epoxidation of olefins, 

the iron complexes were prepared 

and ther reactivity was screened. 

The oxygenation reactions of 

stilbene catayzed by 

[LFe(CH3CN)2](BF4)2, 9, and 

[L*Fe(CH3CN)2](BF4)2, 10, using 

either H2O2 as an oxidant (1 and 2 

are air stable) and with the RFT 

photocatalyst that allowed indrect 

use O2 as an oxidant. The 

combination of Fe catalyst and 

photocatalyst (RFT) was synergetic 

early on (< =90 min),the iron 

catalyst greatly accelerated the 

aerobic cleavage compared to RFT 

alone.  However after this time, when benzaldehyde starts (auto)oxidizing to benzoic acid, the iron 

complex begins parasitic oxo-transfer activity and gives rise to a mixutre of products.  These results are 

significant because the use of photocatalysts may unlock the potential for synthetic high valent oxoiron 

intermediates to promote alkene cleavage ractions rather than their more traditional reaction course of 

oxygenation (conversion of alkenes to epoxides and/or diols).  We will continue screening the reactivity 

of these iron complexes. 

 

[M(xL)](OTf)    M(OTf)   +  xL  (Eq. 1) 

[M(xL)](OTf)  +  xL   [M(xL)2](OTf)  (Eq. 2) 

[M(xL)](OTf)   ½ [M(xL)2](OTf)   +  ½ M(OTf)   (Eq. 3)  

Scheme 1.  Main solution equilibria of coinage metal C-scorpionates. 

 

 

Figure 2.  Stilbene cleavage catalyzed by iron(II) complexes of 

tetradentate-N4 ligands.  RFT = riboflavin tetraacetate photocatalyst 

(440-450 nm). 


