
Russian Chemical Bulletin, Vol. 43, No. 6, June, 1994 1085 

7. N. I. Moiseeva, A. E. Gekhman, E. S. Rumyantsev, V. I, 
Klimanov, S. G. Sakharov, and I. 1. Moiseev, Dokl. Akad. 
Nauk., 1989, 309, 1136 [Dokl. Chem., 1989, 309 (Engl. 
Transl.)]. 

8. N. I. Moiseeva, A. E. Gekhman, E. S. Rumyantsev, and 
I. 1. Moiseev, J. Fiuor. Chem., 1989, 45, t36. 

9. N. I. Moiseeva, A. E. Gekhman, E. S. Rumyantsev, V. I. 
Klimanov, and I. I. Moiseev, Izv. Akad. Nauk SSSR, Set. 
Khim., I989, 1706 [Ball. Acad. Sci. USSR, Div. Chem. Sci., 
1989, 38, 1570 (Engl. Transl.)]. 

10. L. J. Bellami, Advances in Infrared Group Frequencies, 
Methuen & Co, Bungay, 1968, Chapt. 5. 

Received December 30, 1993 

The oxidation of alkanols with air oxygen in the catalytic system 
copper(n) acetate--hydroquinone promoted by visible light 
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2-Propanol or l-propanol in acetonitrile, when exposed to air and irradiated with a 
tungsten lamp in the presence of catalytic amounts of copper(li) acetate and hydroquinone, 
are oxidized to give acetone or propanal, respectively. 
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Photoinduced transformations of organic substrates 
and, particularly, their oxidation in the presence of 
metal complex catalysts are of great interest as the basis 
for the synthesis of various organics. I -3  Among them, of 
special importance are the processes promoted by irra- 
diation in the visible part of the electromagnetic spec- 
trum. Earlier, 4 the copper(H) acetate--hydroquinone sys- 
tem was shown to catalyze the effective and selective 
oxidation of alkanes to alkyl hydroperoxides by air oxy- 
gen promoted by irradiation with visible light. Com- 
plexes of other transit ion metals (e.g., Fe, Ni, and Co) 
or copper salts with other anions,  such as copper 
perchlorate, are much less active in this process or even 
devoid of any catalytic effect. The subst i tut ion of 
resorcinol or pyrocatechol for hydroquinone results in a 
total loss of photocatalytic activity. 

*Prof. Georg Sass-Fink, Institute de Chimie, Facult6 des 
Sciences, Universit6 de Neuchfitel, Republique et Canton de 
Neuch~tel, CH-2000, Neuchfitel, Avenue de Bellevaux 51, 
Switzerland. 

Here we report our first results obtained in the study 
of the use of the copper(n) ace ta te- -hydroquinone  sys- 
tem as a catalyst for the l ight-promoted air oxidation of 
atiphatic alcohols. 

Experimental 

All experiments were carried out in a cylindrical qtmrtz 
vessel (1.5 cm in diameter), provided with a water jacket for 
cooling (to ~15 ~ magnetic stirring bar, and free access to 
the ambient air. Solutions containing the catalytic system and 
a substrate (total volume 5 mL) were illuminated with a 
standard tungsten lamp (100 W) and vigorously stirred. The 
reaction was monitored by gas chromatography using a 
DANI 86.10 instrument with a capillary column filled with 
Carbowax as the stationary phase; 0.1--0.2 mL aliquots were 
periodicalIy taken out for analysis. The peack areas were 
measured by means of a Chrom Jet integrator (Spectra Phys- 
ics). The acetonitrile and the other chemicals used in this work 
have been purchased from Fluka AG (Switzerland) and used 
without further purification. 
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Results and Discussion 

The irradiation o f  PriOH or prnOH, dissolved in 
MeCN,  with the light of  a standard tungsten lamp in the 
presence o f  catalytic amounts  of  copper(n) acetate and 
hydroquinone promotes the oxidation of  these alcohols 
to acetone or propanal,  respectively. The kinetic curves 
of  the product  accumulat ion are presented in Fig. 1. 
Evidently, both alcohols are oxidized at nearly the same 
rate, so that after 10 h o f  irradiation the yields of  the 
products amount  to -70 tools per one mol of  Cu(OAc)2. 
No  oxidation occurs in the dark. 

The initial rate o f  oxidation (determined from the 
concentra t ion o f  acetone after 1 h of  irradiation) is not  
dependent on the initial concentrat ion of  2-propanol.  
Moreover, at high concentrations o f  priOH the rate 
o f  the reac t ion  to some extent  decreases as the 
alcohol concentrat ion increases (data for [Cu(OAc)2] 0 
2 . 1 0  -4 mol  L - !  and [Hydroqu inone ]o  
1 -10  -4 tool L- l ) :  

[PriOH]0/M 0.5 1.0 1.5 2.0 
[Me2CO ] �9 103/M 2.7 2.8 1.7 1.2 

The dependence o f  the initial reaction rate of  the 
same reaction on the concentrat ion of  hydroquinone 
is l inear  at h y d r o q u i n o n e  c onc e n t r a t i ons  o f  
0 - - 4 . 4 . 1 0  -4 M, but  at h igher  c o n c e n t r a t i o n s  o f  
hydroquinone the rate tends to diminish (the data 
below relate to [priOH]0 1.0 tool L -1 and [Cu(OAc)2]0 
2 . 1 0  -4 mol L- l ) :  

[Hydroquinone]0 �9 103/M 0.0 0.2 0.4 1.0 2.0 

[Me2CO ] �9 IO/M 0.0 0.4 0.8 2.8 1.6 

Such transition metal salts as copper(n) and nickel(n) 
perchlorates or cobalt(u) bromide in combinat ion with 
hydroquinone show no photocatalytic activity in the air 
oxidation o f  alcohols, while iron(hi) chloride is less 
effective than Cu(OAc)> 

The mechanism of  the conversion of  alkanols to 
ketones or aldehydes in the photocatalytic system under 
study is not yet clear. However, one can assume that the 
key stage in the process is the abstraction of  a hydrogen 
a tom from the hydroxylated carbon a tom ( H - - C - - O H )  
by a photoexcited species. This is followed by the inter- 
action o f  the free radical formed with a molecule o f  
dissolved oxygen. 
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Fig. 1. Kinetic curves of the accumulation of acetone (1) and 
propanal (2) formed by the oxidation of 2-propanol or 
I-propanol with air oxygen in the presence of the copper(u) 
acetate--hydroquinone system at 15 ~ promoted by visible 
light. [Cu(OAc)2 ] = 2-10 -4 mol L -I,  [1,4-C6H4(OH)2 ] = 
1-10 -3 tool L -l, [prioH] = 0.5 tool L -I. 
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