
Gold-catalyzed aerobic co-oxidation of trans-stilbene and 
methylcyclohexane: identification of a key reaction intermediate 

 
Kevin Guillois, Alain Tuel and Valérie Caps* 

Institut de recherches sur la catalyse et l'environnement de Lyon (IRCELYON, UMR 5256 
CNRS - University of Lyon), 2 avenue Albert Einstein, 69626 Villeurbanne Cedex, France 

* Present address: KAUST Catalysis Center, 4700 King Abdullah University of Science and 
Technology, Thuwal 23955 – 6900, Kingdom of Saudi Arabia 

*valerie.caps@kaust.edu.sa 

 

Introduction 

 
The liquid phase transformation of alkane and alkene into useful oxygenated intermediates, 
such as alcohols and epoxides, is a key-step in the synthesis of fine chemicals. Supported gold 
nanoparticles have been shown to catalyze the epoxidation of larger alkenes using air as the 
oxidant [1], as well as the oxidation of alkanes, such as cyclohexane [2]. Recently, we achieved 
the gold-catalyzed aerobic co-oxidation of stilbene and methylcyclohexane (MCH), which was 
suggested to rely on the in-situ formation of a peroxide species from the alkane [3]. Apparent 
reaction rates could be improved by using a hydrophobic Au/SiO2 catalyst which exhibited 
enhanced wettability in the poorly polar reaction medium [4] or by using unsupported, soluble 
gold colloids [5]. We here prepare a new Au/SiO2 catalyst exhibiting high affinity with the 
apolar solvent and give direct evidence for the formation of methylcyclohexyl hydroperoxide 
(MCOOH). Following its evolution throughout the reaction with different types of initiator, 
reaction temperatures and catalyst amounts gives further insight into the reaction mechanism.  

Experimental 

 
AuPPh3Cl was synthesized from reduction of HAuCl4 by dimethylsulfide, followed by ligand 
exchange with triphenylphosphine [6]. 5 g of Aerosil R972 hydrophobic fumed silica (Evonik 
Industries, 110 m2g-1) was added to a solution of AuPPh3Cl in ethanol (220 mL / 2.3 10-3 mol L-

1), stirred for 1 h at 22°C and for 16 more hours after addition of NaBH4 (20 mL of a freshly 
prepared 0.3 mol L-1 solution in ethanol). The dark brown powder was then isolated by 
centrifugation, washed twice with 200 mL water/ethanol (60/40), then with 150 mL hexane, 
and dried at 90°C for 16 h. It was heated at 200°C for 2 h under vacuum, yielding 0.75wt.% 
Au/SiO2 (ICP) with 3.0±1.2 nm Au particles (TEM). Catalytic evaluation is carried out in 
round-bottom flasks, in the presence of trans-stilbene (1 mmol), the Au/SiO2 catalyst (Au: 1, 2 
or 10 µmol), methylcyclohexane (20 mL / 155 mmol) and an initiator (TBHP, DTBP, AIBN, 
BP / 0.05 mmol), stirred together at 500 rpm, 25-95°C for 72-100 h in air at atmospheric 
pressure. Products are quantified by HPLC and GC analysis, using external calibration. 

Results/Discussion 

 
Tert-butyl hydroperoxide and benzoyl peroxide initiators (initiator/alkene = 5mol.%) give very 
similar reaction profiles (Fig. 1a), with full stilbene conversion achieved in 50 h. On the other 
hand, di-tert-butylperoxide initiator yields reaction profile close to that obtained without any 
initiator (Fig. 1b), epoxidation rate markedly slowing down after 10 h and never reaching 
completion under our conditions. Similar profiles are observed in the presence of large amount 
of catalyst or at higher reaction temperature (95°C). In all these cases, the production of 
MCOOH reaches a maximum at 10 h and decreases to zero in the following hours. 
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Figure 1.  Aerobic co-oxidation of methcylcyclohexane and trans-stilbene at 80°C, 2 µmol Au, 
with TBHP as initiator (a) or no initiator (b). 
 
These observations are consistent with the formation of a gold-hydroperoxide complex, as 
described in [7] for homogeneous autoxidations, which will be explained in detail. 
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