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Use of Molecular Oxygen ln the Baeyer-Vllllger Oxidation 
The Influence of Metal Catalysts 
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Oxidation with molecular oxygen provides an ataactive route for the preparation of impormnt 

synthetic in&rmed&es and oxygen-containing natural pmducts.1 Several marl catalysts a~ effective for this 

purpose and have extensively been studied for alkane oxidations and epox&tions of olefins? M&aiyumfa et 

al. found that oxygen transfer from molecular oxygen is readily catalyxed by various metal complexes 

provided that an aldehyde or an alcohol is present as reductant.~~4 Studies in several laborator@ 

demonsWatedthepotentialoftllismetal-catalyze4loxygenation. Tworecentcommuni&onsbyMW~Met 

al., describing the copper-catalyzed oxidation of alkanes and a1ke~3.6 and the oxygenation of ketones 
catalyzcdbyFa2OjJ~tustoreportour~~~inaaobicoxidativetransformatiollg 

During the course of our investigations on oxygen-activation with metal complexes, we tested the 

ability of several metal salts to catalyze the conversion of ketones to the comsponding lactones (Baeyer- 

Villiger reaction*). Catalytic transformations of this type utilizing molecular oxygen have only been 

demonstrated in a few cases. These transformations avoid the use of highly oxidized reagents such as 

peroxides reducing the possibility of side a. Niikel(II) complexes coo&nated with 1,3diketones 

were successfully used by Mukaiyama et al. 4 Catalysis by Fe203 was mported by Murahashi and 
coworku?3.73 

0, (1 am) 

RCHO 
wwo 

Using the oxygenation of 2-methylcycMexa~me asourmodelreactionwefouadseveralmetalsalts, 
in particular cqper@) acetate, to be catalytically highly active. The ust of 0.5 mol% of Cu(OAc)2-H20 in 

the presence of 1.1 equivalents of benxaldehyde affotded the conespoading lactone in 90% yield.*0 

Nickel@) aceta~ and Ni@>naphthenate (3 eq. of aldehyde) also catalyxed this transfamatioa and resulted in 
the fotmation of the oxid&d product in 80 and 73% yield, respectively. All reactions were performed under 
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an atmosphaic pressure of oxygen in 1.2-dichloroethane at room temperature.11 No ring-opened products 

were observ&*g With cobalt(R) and manganese@) acetate only traces of lactone were formed. Benxyl 

alcohol, n-butanol, and 2-ptopanol could not be used as reductants [tested with Ni(OAch4H201. The 

addition of water inhibited the catalysis with nickel acetate. 

In order to optimize the reaction conditions we next focused on the oxidation of dmethyl- 

cyclohexanone (Table 1). Of major impatance was the discovery that even in rhe absence of a metal cafaZysr 
the corresponding lactone was formed in high yield.13*t4 Raising the temperature to 40°C, mueasing the 

amount of aldehyde, and use of a sunlamp had positive effects on lactone formation.15 Thus. by performing 

the oxidation under an atmospheric pressure of oxygen in the presence of 6 eq. of teductant under light gave 

8496ofthecormspondinglactone. AsimilProbsenntioohadbeenrepartedbyKancdaetal.intheoxidation 

of akenes,l6 In this example the combi&on of oxygen and an aldehyde resulted in the selective epoxidation 

of oletins withow metal catalysts. 

The highest yields of lactone were obtained by catalysis with Cu(R)-acetate and Ni(oxa)2.‘7 The latter 

was chosen as a model system for complexes which can easily be obtained in optically active fornt18*tg 

Reducing the amotmt of aldehyde to 1 equivalent lowered the product yield. Isovaleraldehyde, which was 

used as reductant in the nickel catalysis de&bed by Mfkuiyumc et alp, was less effective than benxaWtyde 

and resulted in low amver&n of the ketooe in the Cu@)-system @a. 3346; GCIvWanalysis). 

Table 1. Effect of metal salts on Baeyer-Villiger-type oxidation 

wry catslyst~ (md’k) CUllditiOllS b, Yield (%) 

,: r: 
9 - 

10 - 

11 - 

(1) dark 
(0.2) dark 

(1) da&, 1 eq. PhCHO 

(1) dsrk 

(1) dark 

light 

light, 6 eq. PhCHO 

tight, 1 eq. NaHCOs 

d&40@ 

ligh& 4oTc) 

91 

94 

65 

84 

94 

46 

74 

84 

74 

59 

68 

l ) Cu(OAc)~H20 snd Ni(OAc)$4H20 (Pluka) were used. b, Unless indicated 

otherwise: O2 (1 atm), 3 eq. of PhCHO, 0.. in 1.2dichlomethane (entry 9: 

CH2Cla), 21h. l1 =) Ketone added to an oxygenated solution of the aldehyde 

(3Omin,4OT)in1,2dic~,21h. 
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The oxidation of various cyclic and acyclic ketones was examined applying Cu(II)-acetate and 

Ni(oxah. Rcpmcntarive results am smmmizd in Table 2. 

T&k 2. Metal-catalyzed Bacycx-Villigmypc oxidation with molaxlar oxygen 
inthcprcaulceofbenzaldchydet* 

Entiy SUbStIll& Yield (‘k) 
wacetste)2 Ni(oxa)2 

83 

93 b, 90b) 

90 72 

91 74 

76 

81 91 

76 ‘) 83 =) 

4ob) 

33 23 

@ Cu(II): 1 mol%, dark; Ni(II): 0.5 mol%. b, Less than 5% of an isomer 
wcm dctccted.c)Ratio ofrcgioisomsr, aL6:1[cll(JI)]and5:1~(II)]. 

With the exception of 2-me~thyl~yclopentanone (entry 8) aad cycloheptanone (trace of product) ~ydic 

ketones were readily oxidized and the corresponding lactona wen obtained in high yields. In gene4 good 

stereoselectivity was obsenfed with the product amising t?om prefcmtial migration of the more subsrimed 

carbon atom, Oxidation of acyclic ketones pmxcdcd insufiiciently and only small amounts of the desired 

esms were detect4 by GS-MS (from 5-nonanone) or were isolated in low yield (entry 9). 

Synthetic and mechanistic aspects of this valuable transformation are being actively investigated in our 

laboratory. 
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