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Abstract 

The Ru(II) phenyl complex TpRu(PMe3)(NCMe)Ph 
{Tp = hydridotris(pyrazolyl)borate} reacts with isonitriles to form complexes of the 
type TpRu(PMe3)(C NR)Ph (R = tBu, CH2Ph, CH2CH2Ph). Neither thermal nor 
photolytic reactions of these systems with excess isonitrile and benzene resulted in the 
production of corresponding imines. DFT studies that probed the energetics of the 
desired catalytic transformations revealed that (Tab)Ru(PH3)(C NCH2CH2Ph)Ph 
{Tab = tris(azo)borate} is the most stable species in a proposed catalytic cycle. 
Exclusive of calculated transition states, the highest points on the calculated free energy 
surface are 34 kcal/mol, for (Tab)Ru(PH3)(o,η2-C,C-CNCH2CH2Ph)Ph {relative to the 
starting material (Tab)Ru(PH3)(C NCH2CH2Ph)Ph}, and 27 kcal/mol for the C–H 
activation product (Tab)Ru(PH3)(o-C6H4CH2CH2NC) and benzene. The substantial 
increases in free energy result primarily from the loss of the stable ruthenium–η1-
isonitrile interaction. 
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The Ru(II) phenyl complex TpRu(PMe3)(NCMe)Ph 
{Tp = hydridotris(pyrazolyl)borate} reacts with isonitriles to form complexes of the 
type TpRu(PMe3)(C NR)Ph (R=tBu, CH2Ph, CH2CH2Ph). Consistent with 
experimental studies, DFT calculations revealed that intramolecular hydroarylation of 
β-phenethylisonitrile to produce imine is a high energy process due to the strong 
coordinating nature of the isonitrile. 

 
 
  
Keywords: Ruthenium; Hydroarylation; Isonitrile; Density Functional Theory studies 
  







J. Oscar C. Jiménez-Halla, Juvencio Robles, and Miquel Solà. “Coordination and 
Haptotropic Migration of Cr(CO)3 in Polycyclic Aromatic Hydrocarbons:  The Effect of 
the Size and the Curvature of the Substrate”. Journal of physical chemistry A. Vol. 112, 
issue 6 (2008) : p. 1202–1213. 
 
 
DOI: 10.1021/jp077553h 
http://pubs.acs.org/doi/abs/10.1021/jp077553h  
 
Institut de Qumica Computacional and Departament de Qumica, Universitat de Girona, 
Campus de Montilivi, 17071 Girona, Catalonia, Spain, and Facultad de Qumica, 
Universidad de Guanajuato, Noria Alta s/n 36050 Guanajuato, Gto. Mexico 
 
 
Abstract 

In this work, we study the reaction mechanism of the tricarbonylchromium complex 
haptotropic rearrangement between two six-membered rings arranged like in 
naphthalene of four polycyclic aromatic hydrocarbons (PAHs). It has been found that 
the reaction mechanism of this haptotropic migration can either occur in a single step or 
stepwise depending on the interaction between the orbitals of the Cr(CO)3 and the PAH 
fragments. Our results show that the size of the cyclic system favors the metal migration 
whereas the curvature of the organic substrate tends to slow down the rearrangement. 
We discuss the key factors that help to explain this behavior through orbital and energy 
decomposition analysis.  
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Abstract 

 

Haptotropic rearrangement reaction mechanisms for a series of polycyclic aromatic 
hydrocarbons (PAHs) of three and four fused six-membered rings attached to a 
tricarbonylchromium complex were investigated by theoretical methods. All possible 
ways by which haptomigrations can occur were explored, as for the less symmetric 
PAHs there are nonequivalent reaction pathways. The metal complex prefers to be 
coordinated on the less substituted rings (the more aromatic ones) and tends to avoid the 
migration to the more substituted ring. A paradigmatic example of this behavior is the 
case of triphenylene, where the coordination with the outer rings is 17.4 kcal·mol−1 
more favored than complexation with the inner ring. The energy barriers for 



haptomigration vary from 16.4 (phenalene) to 24.5 kcal·mol−1 (triphenylene). In 
general, small energy differences are found between energy barriers of the so-called exo 
and endo pathways. 
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Abstract 

Bis(tricarbonylchromium) complexes of two- to four-fused benzenoid rings were 
investigated by means of the B3LYP method. Our analysis was focused on both the 
molecular structure of the different isomers and their relative energies. For all the 
studied cases, the isomer with the lowest energy resulted to be the anti where both 
Cr(CO)3 units are bonded to the most external rings. According to the calculated 
dissociation energies for the lowest energy isomers, stabilization due to metal 
bicomplexation is similar in angular and linear polycyclic aromatic hydrocarbons 
(PAH), while the less energetically favorable complexation occurs in PAH with a 
compact arrangement of six-membered rings like in pyrene. 

Graphical abstract 

Bis(tricarbonylchromium) complexes of small benzenoids were investigated by means 
of density-functional theory. 
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