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Oxidative decarboxylation of cyclohexanecarbaldehyde in the presence 
of cyciooctane catalyzed by a binuclear manganese(w) complex 
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On heating, a ['vln Iv complex initiates oxidation of cyclohexanecarbaldehyde with 
atmospheric oxygen in MeCN resulting in the formation of cyclohexanecarboxylic acid and 
considerable amounts of oxidative decarboxytation products (cyclohexane, cyclohexanol, and 
cyclohexanone). Cyclooctanol and cyclooctanone are also formed in the presence of 
cyclooctane. 
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Molecular oxygen and particularly air are promising 
oxidants for processing of inert saturated hydrocarbons 
into various chemicals. Such processes are often effi- 
ciently catalyzed by transition-metal complexes, t.2 Joint 
oxidation of alkane and aldehyde with oxygen or air 
catalyzed by a metal complex is one of the reactions of 
this type. Though epoxidation of olefins by "aldehyde-- 
oxygen--metal complex" systems has been studied in 
detail and used widely in practice, 3 only a small number 
of publications concerned with analogous conversions of 
saturated hydrocarbons is known. 4 - t l  In this work, 
catalytic oxidation of cyclohexanecarbaldehyde (1) with 
atmospheric oxygen was studied both in the presence 
and in the absence of saturated hydrocarbons. A bi- 
nuclear manganese(iv) complex (2) with the 1,4,7-tri- 
me thy l - l , 4 ,7 - t r i azacyc lononane  macrocyctic ligand 
served as catalyst of oxidative transformations. 
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Experimental 

Oxidation of hydrocarbons was carried out with vigorous 
stirring in thermostatted glass cylindrical vessels equipped 
with reflux condensers. The volumes of the reaction solutions 
were 5 mL. In the course of the reactions, air was slowly 

(I--5 mL min -R) bubbled through the solution of the sub- 
strates and the catalyst in MeCN. 

The reaction mixture was analyzed by GLC using a PYE 
UNICAM PU 4500 ("Philips") chromatograph (an Alltech 
ECONO-CAP Carbowax column, 30 m • 0.25 ram; 0.25 :am; 
with helium as carrier gas). Quantitative analysis was per- 
formed after calibrating the chromatograms using solutions of 
the products with known concentrations. 

Prior to use in the reactions, acetonitrile was purified by 
distilling over P205 and cyclohexanecarbaldehyde ("Aldrich") 
was passed through an AI203 layer in a nitrogen atmosphere to 
remove cyclohexanecarboxylic acid and other oxidation prod- 
ucts (purity of the reagent obtained was monitored by GLC). 

Results and Discussion 

In the studies of the oxidation of alkanes with at- 
mospheric oxygen in the presence of cyclohexane- 
carbaldehyde we found that the expected process of 
oxidation of aldehyde I into cyclohexanecarboxylic acid 
(3) is accompanied by its intense decarboxylation. The 
formation of compound 3 (the major reaction product) 
on heating (60 ~ a solution of aldehyde 1 in MeCN 
in the presence of complex 2 in a low air flow is 
accompanied by accumulation of considerable amounts 
of cyclohexane, cyclohexanol,  and cyclohexanone 
(Fig. 1). Four hours after the beginning of the reac- 
tion, the concentration of cyclohexane becomes some- 
what lower, which is likely due to partial evaporation of 
this compound facilitated by constant air flow. Ii1 the 
initial period of the reaction (approximately to 5 h), 
accumulation of cyclohexanol and cyclohexanone oc- 
curs linearly; however, it is likely that oxidation of 
alcohol into ketone begins thereafter, since the rate of 
alcohol accumulation decreases somewhat, whereas the 
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Fig. 1. Curves of the accumulation of cyclohexanecarboxylic 
acid (1), cyclohexanol (~,  cyelohexanone (3), and cyclohex- 
ane (4) on oxidation of cyctohcxanecarbaldehyde (at an initial 
concentration of 1.0 tool L -I) (5) in acetonitrile (60 "C) 
catalyzed by complex 2 (0.5 mmol L-I). 

slope of the curve of ketone accumulation (see Fig. I )  

increases. Ox ida t i on  o f  a ldehyde 1 into acid 3 also 

occurs in the absence of catalyst 2 and is accompanied 
by decarboxylation; however, the rate of cyclohexane- 
carbaldehyde consumption and that of accumulation of 
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Fig. 2. Carves or the accumulation of cyclohexanccarboxylic 
acid (1), cyclohexanol (2), cyclohexanone (3), eyclooctanol 
(4), and cyclooctanone (5) on joint oxidation of cyclohexane- 
carbaldehyde (I.0 tool L -t) and cyclooctane (0.4 tool L -I) in 
acetonitrile (50 ~ catalyzed by complex 2 (0.5 mmol L-l). 

all the products are approximately halved compared to 
those in the catalytic reaction. 

The kinetic curves of accumulation of the products 
of oxidation of aldehyde I in the presence ofcyclooctane 
are shown in Fig. 2. As in the absence of saturated 
hydrocarbon, acid 3 is the major product in this case. In 
addition, decarboxylation of compound 1 results in its 
conversion into cyclohexanone and cyclohexanol. Oxi- 
dation of aldehyde I is also accompanied by cyclooctane 
oxidation and the formation of cyclooctanol and 
cyclooctanone whose overall concentration after 8 h 
approximates 3- 10 .2 tool L - l .  

When discussing the mechanism of transformations 
described, it can be assumed that in addition to conver- 
sion of aldehyde 1 into acid 3 the former undergoes 
decarboxylation with the participation of a manganese 
complex under the reaction conditions. The cyclohexyl 
radical formed in this case can react either with the 
donors of hydrogen atoms (e.g., with aldehyde t and 
cyclooctane) to give cyclohexane or with an oxygen 
molecule to give cyclohexanol and cyclohexanolle. The 
radical species present in the system are also capable of 
abstracting a hydrogen atom from cyctooctane to give 
(after several transformations) cyclooctanol and cyclo- 
octanone. Several stages of the process are shown below 
(see, e.g., Refs. 13--20). 

cyclo-O6HllCHO 4- Mn TM "- 

,, cyclo-C6HllCO" + Mn HI + H* 

cyclo-C6HllCO" + 02 ~ cyc lo-CeHI lCO00" 

cyclo-C6H11CO00" + cycto-C6HllCHO ,. 

-- cyclo-C6HlICOOOH + cyc/o-C6H 1~C0 

cyclo-CsHllCOOOH + cyclo-C6HI~CHO ,. 

-~ 2 cycto-CsHI1COOH 

cyclo-CsH~ICOOOH ,. cyclo-C6H11CO0" + HO" 

cyclo-C6HllCOO" ,. cyolo-C6Hll" + CO 2 

cyc[o-C6Hll" + 02 - - - o .  cyclo-C6Ht lO0" 

OH O 

cyclo-e6H11" + RH ,. cyclo-C6N12 + R" 

RH + cyc[o-C6H11CO0" ~ R" 4- cyclo-C6H11CO0 H 

RH 4- cyclo-C6H 11 CO' 

R" + 02 " ROO" 

RH = cyclo-C~H16 

�9 " R" J- cyclo-C6HllCHO 
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