
CATALYSIS 
A: CHEMICAL 

Journal of Molecular Catalysis A: Chemical 127 (1997) 25-32 

Cerium ( IV) ammonium nitrate as an efficient catalyst for 
oxidation of alkyl malonates into ketomalonates by dioxygen 

Vincent Tugaut, Sylvain Pellegrini, Yves Castanet, And& Mortreux * 

L.aboratoire de Catalyse H6t6rogZme et Homo&e, VRA CNRS 40.2, Ecole Nationale Supkrieure de Chimie de Lille, VSTL, BP 108, 59652 
Villeneuue d’Ascq Cedex, France 

Received 30 October 1996; accepted 9 June 1997 

Abstract 

The synthesis of diethyl ketomalonate via direct oxidation of diethyl malonate by pure oxygen or even using air, in the 
presence of cerium ammonium nitrate (CAN) used in catalytic amount is reported. The efficiency of this new catalytic 
system toward this reaction is compared to the previously described Co”‘-Mn”’ catalyst. Thus, when (NH,),Ce(NO,), was 
used, oxidation occurred in acetic acid-acetonitrile medium (1 /l v/v> under oxygen flow at moderate temperature 
(50-70°C) and with excellent selectivity ( > 90%). In contrast, the Co/Mn catalyst required higher temperature (80-120°C) 
and the selectivity for the desired product drastically decreased with conversion. Under the latter conditions, a great part of 
the reaction products and/or substrate is degraded into CO, and H,O. Moreover, with CAN system, an appreciable yield 
could be obtained under air flow (or even only by stirring under air> whilst with Co/Mn, under the same conditions, the 
conversion was very low. Finally the separation of CAN from reaction products and solvents at the end of the reaction and 
its reuse could be facilitated by coating CAN on porous silica. This supported CAN/SiO, system exhibited in its first use 
the same activity as free CAN and in its second use about 70% of the initial value. 0 1997 Elsevier Science B.V. 
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1. Introduction 

Dietbyl ketomalonate (DKM) is an important 
versatile reagent for organic synthesis. Actually, 
it can react in a wide selection of C-C bond 
forming processes including Diels-Alder [ 1,2], 
Friedel-Crafts [3,4], aldol [5] and ene [6-81 
reactions. 

Different syntheses of this ketoester have been 
previously reported, in particular from diethyl 
malonate (DEM). However, they often present 

the major drawback which is difficult to carry 

out [9] and/or to need expensive co-reactant 
such as bromine [lO,l 11 and to lead in this case 
to the formation of undesirable co-products. 
Therefore, direct oxidation of diethyl malonate 
by oxygen or air is economically and ecologi- 
cally more attractive. Thus, a recent patent [12] 
that reports this synthesis catalysed by the mix- 
ture Co(“‘)/Mn(“‘) acetates has attracted our 
attention (Eq. (I)). 

EtO,CCH,CO,Et + 0, 
Co(OAc),-Mn(OAc), 

-+ 
AcOH-(A&O 

EtO,CCOCO,Et + H,O 

* Corresponding author. Fax: + 33-20-436585. (1) 
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On the other hand, the Ce’” ammonium ni- 
trate (CAN) is a well known oxidizing agent, 
which can be used stoichiometrically to oxidize 
secondary alcohols into ketones [ 13-151 or ben- 
zylic groups into aldehydes [16-181. In the same 
way, it was reported that this compound pro- 
motes either in stoichiometric or catalytic 
amounts the addition of dimethyl malonate to 
various aromatic compounds [ 191. However, to 
our knowledge, oxidation of malonate esters by 
CAN has never been reported. 

Here, we wish to present the results of our 
investigations on the oxidation of diethyl mal- 
onate by molecular oxygen catalysed by CAN 
and to compare the efficiency of this system 
with the one of the previous Co-Mn catalyst. 

2. Experimental 

2.1. Materials 

All reactants, solvents, and catalysts (except 
Co(OAc), and Co(acac),) were purchased in 
their highest purity from Aldrich Chemical or 
Janssen Chemical and used without further pu- 
rification. Co(acac), was supplied by Siccanor 
(Douchy, France),The silica gel (70-230 mesh, 
pore diameter 60 A) was purchased from Merck. 
Pure oxygen was used directly from a cylinder 
(air liquide) . 

2.1.1. Preparation of Co(OAc), 
Solutions of Co(II1) acetate in acetic acid 

were prepared electrolytically with platinum 
electrodes using NaOAc, at the concentration 
corresponding to the one used in the oxidation 
experiment, as the electrolyte 120,211. The elec- 
trolysis was performed at room temperature and 
at ca. 10 V, in a glass divided cell in which the 
anodic and cathodic compartments are separated 
by a fritted glass disk. At the end of the elec- 
trolysis, the concentration of the Co(II1) in the 
anodic solution was determined by iodometric 
titration of an aliquot, and a part of the solution 
containing a standard amount of Co(II1) was 

directly used for oxidation experiment after ad- 
dition of diethyl malonate, acetic anhydride and 
Mn(OAc),. 

2.1.2. Preparation of CAN/ SiO, catalyst 
To a solution of CAN (3.5 g, 6.2 mmol) in a 

mixture of methanol (26 ml) and 
dichloromethane (17 ml) was added silica (17.5 
g). After stirring for 30 mn, the solvents were 
removed by evaporation and the solid was dried 
under vacuum at 80°C until a finely divided 
yellow powder was obtained (4 h). 

2.2. Apparatus 

Gas chromatography analyses were carried 
out on a Delsi 300 or a Chrompack 9001 gas 
chromatograph equipped with a fused silica cap- 
illary column: CP Sil 5-CB (25 m X 0.32 mm, 
Chrompack) for general separation. GC-MS 
coupled analyses were performed with a con- 
cept II spectrometer (Kratos Analytical) using a 
DBl capillary column (25 m X 0.25 mm). 

2.3. General procedure for diethyl malonate 
oxidation 

2.3.1. Catalysed by Co”‘-Mn”’ 
In a typical experiment, a 50 ml round-bot- 

tom flask equipped with a reflux condenser, a 
magnetic stirrer and an oxygen inlet, was 
charged with a solution of diethyl malonate 
(62.4 mmol, 10 g) in acetic acid (15 ml) and 
acetic anhydride (6.5 ml). The catalyst and 
sodium acetate (if specified) were added to the 
mixture. Oxygen was then gently bubbled 
through the solution and its flow adjusted ac- 
cording to the indication of a flow meter. The 
mixture was heated by means of an oil bath to 
the desired temperature under stirring. 1 ml 
aliquots were withdrawn from the reaction mix- 
ture at various times, their exact mass was 
determined and a precise amount of dimethyl 
malonate as internal standard for GC analyses 
was added. Then the mixture was extracted 
several times with diethyl ether after addition of 
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water. The organic phase was dried over Na,SO, 
and analysed by capillary GC for conversion, 
selectivity and yield determination. According 
to the reproducibility of the chromatographic 
results the overall error between the different 
experiments can be estimated to about 1% for 
conversion and 2% for selectivity which is de- 
termined by difference. 

2.3.2. Catalysed by CAN 
The same procedure was used except that the 

solvent and the amount of dimethyl malonate 
were different and are specified in the tables. 

3. Results and discussion 

3.1. Oxidation of diethyl malonate catalysed by 
the Co”‘-Mn”’ system 

In order to make direct comparisons of the 
CAN based catalyst system with the previous 
Co-Mn system, we have studied the behavior 
of the latter under standard conditions. 

Thus, when a solution of diethyl malonate in 
a mixture of acetic acid and acetic anhydride 
was heated at 130°C in the presence of a cat- 
alytic amount of Co(OAc),-Mn(OAc), and 

Table 1 
Oxidation of diethyl malonate catalysed by the system Co(“‘)-Mn W’ a 

stirred under a pure oxygen flow, a 21% yield 
of diethyl ketomalonate was obtained after 4 h 
(Table 1, entry 1). The substitution of Co(OAc), 
by Co(acac), (acac = acetyl acetonate), a com- 
mercially available product unlike Co(OAc), 
which has to be synthesized before use, led to a 
surprising increase in activity, yielding 52% of 
DKM (Table 1, entry 2). On the other hand, the 
replacement of Mn(OAc), by Mn(acac), with 
Co(acac), as the cocatalyst, had a weak effect 
on the efficiency of the reaction although the 
selectivity into DKM increased (Table 1, entries 
7 and 9). Actually, although no other species 
than DKM could be detected by chromato- 
graphic analyses in the reaction medium at the 
end of the reaction, the mass balance indicated 
that the amount of DKM formed was often very 
much lower than that of diethyl malonate which 
had reacted. From various experiments con- 
ducted at different temperatures and catalyst 
concentrations, we deduced that the loss of DKM 
increased and consequently the selectivity dras- 
tically decreased with the conversion (see Table 
1, entries 2, 5-8). Under these conditions an 
important part of the substrate and/or of the 
reaction products was degraded into CO,, H,O, 
HCOOH and ethyl acetate. These last com- 
pounds were detected by GC/MS coupling 

No. Catalytic system (mm00 Time (h) Temperature (“C) Conv. b (%) Selectivity into DKM ’ (%) Yield (%) 

1 Co(OAc), ( 1.1) Mn(OAc), ( 1.1) 4 130 21 
2 Co(acac), (1.1) Mn(OAc), (1.1) 4 130 99 53 52 
3 Co(acac), (2.21 5 80 17 97 16 
4 Mn(OAc)s t2 a) 5 80 41 96 39 
5 Co(acac), (0.28) Mn(OAc), (0.28) 5 80 43 96 41 
6 Co(acac), (0.56) Mn(OAc), (0.56) 5 80 50 76 38 
7 Co(acac), (1.1) Mn(OAc), (1.1) 5 80 70 60 42 
8 Co(acac), (2.2) Mn(OAc), (2.2) 5 80 87 55 57 
9 Co(acac), (1.1) Mn(acac)s (1.1) 5 80 56 90 50 

10 Co(acac), (1.1) Mn(acac), (1.1) 5 80 53 92 48 
11 Cofacac), (1.1) Mn(acac), (1.1) 5 80 80 49 39 
12 Co(acac), (1.1) Mn(acac), (1.1) 8 130 25 1 2 

a Conditions: diethyl malonate = 62.4 mmol; acetic acid = 15 ml; acetic anhydride = 6.5 ml; NaOAc = 18 mmol except entries 10 and 11: 
36 and 0 mmol respectively; oxygen flow rate = 5 l/h except entry 12 air flow rate = 15 l/h. 
b DEM conversion, determined by GC analysis, using dimethyl malonate as internal standard. 
’ Defined as the number of moles of DKM formed per number of moles of consumed DEM. 
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analyses after trapping the off gas at liquid 
nitrogen temperature. EtOAc probably arises 
from a transesterificaton reaction between DEM 
or/and DKM and the solvent (AcOH) accord- 
ing to the following reaction (Eq. (2)). 

EtO,C-CX-CO,Et + AcOH 

+ EtO,C-CX-CO,H + EtOAc, 

X=H,orO (2) 
The fact that the ketoacid 1 (X = 0) obtained 
from this process is much more susceptible to 
undergo decarboxylation catalysed by 
Mn(OAc), than the corresponding ester [22], 
probably accounts for the lack of selectivity 
observed at high conversion and high tempera- 
ture. 

In conclusion, the Co-Mn based system 
catalyses the oxidation of diethyl malonate into 
diethyl ketomalonate by dioxygen. However, 
the selectivity of the reaction drastically de- 
creases as the conversion increases, as an im- 
portant part of the reaction products and/or 
substrate is degraded via further oxidation under 
these conditions. Furthermore, when air is used 
as oxygen source, the yield is very poor. 

3.2. Oxidation of diethyl malonate catalysed by 
CAN 

3.2.1. Solvent effect 

It is also noteworthy that in the above men- 
tioned patent [ 121, the use of an alkaline salt of 
a carboxylic acid is claimed, so that, we have 
examined the effect of NaOAc on the reaction. 
It appeared that the activity decreased and the 
selectivity increased with increasing concentra- 
tion of NaOAc (Table 1, entries 9-l 1). Conse- 
quently the yield passed through a maximum for 
a NaOAc/catalyst ratio of about 8. 

Stoichiometric oxidations of organic com- 
pounds by CAN are achieved in various sol- 
vents including water [23], methanol [ 181, acetic 
acid [23], acetonitrile [ 13,151. It was therefore of 
interest to compare the activity of CAN vs. 
DEM catalytic oxidation in different solvents. 

Finally, when air was used instead of pure 
oxygen, the activity drastically decreased, even 
at comparable net oxygen flowrate. Indeed at 
80°C the conversion tended toward zero. At 
higher temperature, the conversion slightly in- 
creased but the selectivity into DKM was very 
low (Table 1, entry 12). 

In water or alcohols, in which CAN is still 
widely soluble, the reaction was totally inhib- 
ited (Table 2, entries 1-3). In pure acetonitrile 
or acetic acid, moderate yields but excellent 
selectivities were observed although CAN is 
only weakly soluble in AcOH. The use of a 
AcOH-MeCN mixture (1 /l, v / v) as solvent, 
allowed to conjugate the beneficial effect of 
each component and led to a 74% conversion 
after 5 h reaction time at only 50°C with a 
nearly total selectivity throughout the whole 
reaction time (see Table 2, entry 7). The addi- 

Table 2 
Oxidation of diethyl malonate into diethyl ketomalonate catalysed by CAN a 

No. Solvent ( u / u) Temperature (“C) t (Id Conv. (%) Selectivity (%) Yield (%) 

1 MeOH 50 5 0 - 
2 AcOH/H,O (3/l) 50 5 0 - 

3 EtOH 50 5 0 
4 AcOH/EtOH (1 / 1) 50 5 7 100 
5 AcOH 50 5 23 100 
6 MeCN 50 5 17 100 
7 AcOH/MeCN (l/l) 50 5 14 100 
8 AcOH/(Ac),O/MeCN(l/l/l) 50 5 15 86 
9 AcOH-MeCN (1 / 1) 70 3 82 94 

10 AcOH-MeCN (l/l) 90 3 15 90 

a Conditions: diethyl malonate = 32 mmol; CAN = 3.1 mmol: solvent(s) 20 ml total volume; 0, = 5 l/h. 

- 
- 

I 
23 
17 
14 
65 
II 
68 
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tion of acetic anhydride, used to maintain anhy- 
drous conditions as in the case of the Co-Mn 
catalyst, was not necessary and had rather a 
detrimental effect on the selectivity (Table 2, 
entry 8). 

needed, as yields of 16% and 60% were ob- 
served after 3 h and 48 h respectively, when the 
reaction medium was only stirred under air. 

3.2.4. Effect of the amount of catalyst and pro- 
moter 

32.2. Effect of the temperature 
The temperature effect was investigated in 

the 50 to 90°C range (Table 3). When CAN was 
used as the catalyst, at a temperature as low as 
50°C an appreciable yield of DKM was ob- 
tained (74%). When the temperature increased 
from 50” to 70°C, a weak improvement of the 
conversion was observed but the selectivity de- 
creased (compare Table 3, entries l-2). Up to 
70°C a further increase of the temperature re- 
sulted in the decrease of both conversion and 
selectivity, and at 90°C the yield was lower than 
the one obtained at 50°C. 

Table 4 shows the influence of the catalyst 
concentration on the conversion and the selec- 
tivity of the reaction (entries l-4). While a ratio 
CAN vs. subtrate of 0.1 afforded, at 70°C a 
conversion of 82%, decreasing this ratio to 0.05 
drastically dropped the conversion to 17% (en- 
try 2). On the other hand, doubling the initial 
ratio had only a limited effect on the conversion 
that increased from 82% to 92%. 

3.2.3. Effect of the nature of gas and related 
flow rates 

Assuming a radical process and owing to the 
known ability to Co(I1) salts to cleave potential 
peroxides (see for example Ref. [24]), Co(OAc), 
was added to the reaction medium as a pro- 
moter. From a series of experiments carried out 
under these conditions, one can deduce the fol- 
lowing statements: 

Preliminary experiments were conducted with 
pure oxygen with a flowrate of 5 l/h, i.e. 
largely superior to the stoichiometric demand. 
Decreasing twofold this flow had a slight effect 
on the yield of the reaction. Interestingly, when 
pure oxygen was replaced by air, ca. 60% con- 
version was achieved in 3 h. Although this 
result was lower than that obtained with pure 
oxygen, the reaction was much less inhibited in 
the presence of air than with the Co-Mn cata- 
lyst. Moreover an air flow was not imperatively 

(i) At 50°C the presence of Co(OAc), im- 
proved the yield of DKM from 74% to 90% 
even at low concentration of Co(OAc), vs. CAN 
(Table 4, entry 5). 

(ii) At 70°C, for a CAN/substrate ratio = 0.1, 
Co(OAc), had rather a harmful effect, that in- 
creased with the cobalt content (Table 4, entries 
6 and 7). 

(iii) At the same temperature but for a lower 
CAN concentration (CAN/substrate = 0.05), 
the effect of addition of Co(OAc), was opposite 

Table 3 
Influence of physical parameters on the oxidation of diethyl malonate catalysed by CAN a 

No. Temperature (“C) Nature of gas Flow rate (I/h) t (h) Cow. (%) Selectivity (%) 

1 50 02 5 5 74 100 
2 70 O? 5 5 84 94 
3 90 02 5 5 71 90 
4 70 02 5 3 82 94 
5 70 air 8 3 60 85 
6 70 air 5 3 57 88 
7 70 air 0 3 16 100 
8 70 air 0 48 60 100 
9 70 N2 0 10 20 90 

a Conditions: diethyl malonate = 32 mmol; CAN = 3.12 mmol; acetic acid = 10 ml; acetonitrile = 10 ml. 

Yield (%) 

14 
79 
69 
77 
51 
50 
16 
60 
18 
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Table 4 
Oxidation of diethyl malonate into diethyl ketomalonate; influence of CAN amount and cocatalyst a 

No. CAN (mm00 Cocatalyst (mm00 Temp. (“C) Conv. (%) Selectivity (%) Yield (%) 

1 1.5 - 70 17 100 17 
2 3.12 - 70 84 94 79 
3 6.24 _ 70 92 100 92 
4 3.12 50 74 100 74 
5 3.12 Co(OAc), (0.52) 50 90 100 90 
6 3.12 Co(OAc), (0.52) 70 80 98 78 
7 3.12 Co(OAc), (1.04) 70 74 98 72 
8 1.5 Co(OAc), (0.52) 70 42 94 39 

a Conditions: diethyl malonate = 32 mmol; acetic acid = 10 ml; acetonitrile = 10 ml; 5 h; 0, = 5 l/h. 

to that mentioned above as 39% yield was 
obtained with Co instead of 17% (Table 4, entry 
8). 

From these features, one can assume that the 
rate determining step of the catalytic cycle is 
probably different at 50°C and 70°C. 

3.3. Oxidation of diethyl malonate catalysed by 
CAN supported on silica 

In order to facilitate the isolation and the 
recycle of the catalyst from the products and 
solvents at the end of the reaction, CAN was 
supported on porous silica [25]. The CAN/SiO, 
reagent (cerium ammonium nitrate coated on 
silica) was obtained as a free-flowing yellow 
powder at the concentration of 0.22 g of CAN 
per gram of silica and used at the same Ce/sub- 
strate ratio as in the experiments carried out 
with free CAN (CAN/substrate = 0.1). Table 5 
shows that CAN/SiO, catalyst gave in a first 

use, almost the same conversion as free CAN 
though the selectivity was slightly better. Fur- 
thermore, the CAN/SiO, reagent separated by 
filtration at the end of a reaction and washed 
several times by methanol in order to remove 
most of DKM absorbed onto silica, still exhib- 
ited a notable catalytic activity. Namely, a 54% 
conversion was obtained (Table 5, entry 3) un- 
der these conditions. These results show that the 
CAN/SiO, catalyst can be efficiently retained 
and confirm that CAN behaves in the reaction 
as a catalyst. The loss of activity observed 
during the second use can be attributed to a 
leaching of CAN during the reaction and in the 
course of the different washings of the 
CAN/SiO, cake by methanol. Indeed, a blank 
experiment carried out with the filtrate obtained 
after filtering the CAN/SiO, suspension in 
AcOH-CH,CN medium at 70°C led after addi- 
tion of diethyl malonate to 18% conversion of 
this substrate into DKM after 5 h (Table 5, 
entry 4). 

Table 5 
Oxidation of diethyl malonate into diethyl ketomalonate catalysed by CAN/SiO, a 

No. Catalyst system Temp. (“Cl Conv. (o/o) Selectivity (o/o) Yield (%) 

1 ‘free’ CAN 70 84 94 79 
2 CAN/SiO, (first use) 70 80 100 80 
3 CAN/SiO, (second use) 70 54 100 54 
4 filtrate CAN/SiO, b 70 18 98 17 

’ Conditions: diethyl malonate 32 mmol; = CAN = 3.12 mmol; silica = 7.5 g, acetic acid = 10 ml; acetonitrile = 10 ml; 0, = 5 l/h; t = 5 
h. 
b Filtrate obtained from CAN = 3.12 mmol, SiO, = 7.5 g, acetic acid = 10 ml, CH,CN = 10 ml; diethyl malonate added = 32 mmol. 
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3.4. Oxidation of related substrates catalysed by 
CAN 

In order to determine the scope of the effi- 
cient utilisation of CAN as an oxidation catalyst 
of compounds having an activated methylene 
group, we have investigated the reactivity of 
related substrates such as other malonate esters 
and acetylacetone under the same conditions as 
those used for diethyl malonate. 

As expected dimethyl malonate was oxidized 
with a catalytic activity similar to that observed 
with DEM although the conversion stops at 
70% vs. 86% with DEM. 

On the other hand, with acetylacetone, an 
almost total consumption of the substrate oc- 
curred after only 1 h reaction time but a very 
low yield of oxidation product: (2, 3, 4-trioxo- 
pentane) was obtained. 

3.5. Mechanistic aspect 

Although it is difficult to delineate a detailed 
catalytic cycle precisely, upon analysis of above 
experiments and from the literature data some 
conclusions can be drawn. 

It is well known that electrophilic carbon 
radical like CHX, or CHXY (with X and Y 
electron withdrawing groups, i.e. COR, NO,, 
CO,, CO,R . . . ) can be generated by reactions 
of CH, X, or CH,XY species with metal ions 
like Ce4+, Co3+ or Mn3+ which are one elec- 
tron oxidants (the formation of these radicals is 
unambiguously evidenced by the reaction of 
these species with alkenes or aromatics to give 
addition or substitution products [ 19,261). 

CH,XY + M”’ + ‘CHXY + M’“- I)+ + H+ 

In our case, in the absence of alkenes or arenes, 
the malonyl radical 2 formed by action of CAN 
orMn+ (M=Mn’+ or Co3 ’ ) on DEM can also 
be intercepted by molecular oxygen to lead to a 
peroxy radical 3 which can react with another 
malonate molecule giving a hydroperoxyde 4 
and regenerate the initial malonyl radical 2 (see 
Scheme 1). 

kO,Et 

4 

Scheme I. 

Finally this last species 4 decomposes into 
diethyl ketomalonate and H,O. This last step 
occurs either simply at high temperature or with 
the catalytic assistance of Co’+ ions at low 
temperature ( < 50°C) (vide supra). 

SO i 

80 -1 
i 70 

iE I 
9 6Ot 
d 
z-9 b 50 

g 40 -- 

f :, 30 -~ 

o 20 

10 -~ 

0 1 2 3 4 5 

Time(h) 

Fig. I. Oxidation of diethyl malonate catalysed by CAN: conver- 
sion and yield vs. time. 
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Scheme 2. 

This assumption is in agreement with the fact 
that in the first stage of the reaction, the mass 
balance indicates an important difference be- 
tween diethyl malonate consumption vs. diethyl 
ketomalonate formation (see Fig. 1) although at 
the end of the reaction this difference disap- 
pears. From this remark, this lack of reaction 
product is not ascribable to a degradation of the 
substrate and/or product, and therefore proba- 
bly results from the formation of an intermedi- 
ate undetected by chromatographic analyses 
such as hydroperoxyde. 

In this process CAN acts as a generator of 
free radicals allowing the initiation of the chain 
process which can proceed further without new 
consumption of CAN. 

However as in the absence of oxygen an 
appreciable part of DEM was transformed into 
DKM (see Table 3, entry 9>, we can assume that 
under these conditions oxygen was supplied by 
CAN probably via NO; radicals according to 
the reactions outlined in Scheme 2. In the same 
way, in the presence of oxygen, it is also possi- 
ble that part of DEM reacts according to this 
latter mechanism. The fact that two NO; radi- 
cals and one malonyl radical are consumed in 
this process, may explain that the reaction stops 
before total conversion, as usual in chain reac- 
tions. 

4. Conclusion 

Direct oxidation of malonate esters into ke- 
tomalonates by oxygen or air is efficiently 
achieved in the presence of cerium ammonium 
nitrate in catalytic amount. The use of CAN 
instead of the Co/Mn system previously re- 

ported leads to a better yield in ketoester partic- 
ularly at high conversion. Moreover, CAN is 
active in the presence of air as source of oxygen 
in contrast with Co/Mn that requires pure oxy- 
gen. 
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