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Abstract. Pyrrole s-aldehydes can be prepared in high yield by oxidation of pyrrole o~-methyl groups with ceric 
ammonium nitrate when the pyrrole ring also has an c~-earboxylic acid ester group. 

The synthetic utility of ceric ammonium nitrate (CAN) for benzylic oxidations has been repeatedly but not 

frequently demonstrated. 1,2 Benzylic methyls are converted to aldehydes; benzylic methylenes to ketoncs - -  both 

in high yield. When multiple potential oxidation sites are present, the reaction normally stops at the monoearbonyl 

stage, as in the oxidation of mesitylene to 3,5-dimethylbenzaldehyde in 100% yield. 1 Evidence for regioselective 

mono-oxidation has been shown for 1,2-, 1,3- and 1,6-dimethylnaphthalenes, which give a 78-89% yield of the 

1-aldehyde and a 2-7% yield of the other isomer, 3 and for 

2,4-dimethylanisole, which gives an 83 % yield of the 4- 

aldehyde. 1 The reaction appears to be general and can be 

carried out in the presence of chloro, nitro, acetamido, 

benzencsulfonyloxy and methoxy groups. The product 

CH~, CH3, 

CH~ = CHO 

CH CH,, 

yields are somewhat lower when aromatic electron-withdrawing substituents are present, e.g., C1 and NO 2. 

Although cerium (IV) oxidations are widely known for other functional groups, 1,2 investigations of scope of the 

benzylic oxidation is relatively modest and recent. 4 

Nearly 20 years ago the reaction was extended to 

aromatics with the relatively more sensitive pyrrole nucleus, 

but this seems to have escaped notice 2 or wider application. 

Thus, while the oxidation of ethyl and benzyl esters of 

3,4,5-trimethylpyrrole-2-carboxylic acid gave the corre- 

R O 2 C ~ \ N / ~ C H  3 R O 2 C ~ \ N / ~ C H O  
H H 

sponding 5-formyl analogs in 66 and 42% yields, respectively, 5 a complicating factor was the production of a by- 

product in 8% yield, the symmetrical dipyrroketone 5,5'-dicarbobenzyloxy-3,3',4,4'-tetramethyl-2,2'-dipyrro- 

ketone, which could also be formed more directly in 45 % yield by CAN oxidation of the corresponding dipyrryl- 

methane. CAN oxidation was only marginally successful, however, in converting 2-(2-earbomethoxyl-2-cyano- 

vinyl)-3,4,5-trimethylpyrrole to its 5-formyl analog (15% yield). The authors 5 concluded that conversions of 

pyrrolmethyl to pyrrolaldehyde using CAN was uneconomical since the yields were only fair, and by-products 

were formed. Since that report, apparently no other uses of CAN as an oxidant in pyrrole chemistry have 

appeared. In a reinvestigation of this potentially useful conversion of a pyrrole c~-methyl to c~-formyl, we have 

4345 



4346 

found that CAN oxidation of pyrrole substituents depends considerably on the choice of solvents and reaction 

conditions, and on the presence of a carboxylic acid (ester) group at the pyrrole a '  position. In the absence of, 

for example, a carboethoxy group at the a '  position, the reaction is much less smooth. It leads to product 

mixtures, often intractable, when the a '  position is unsubstituted, alkylated, formylated or acylated. Relocation 

of the a'-carboxylic acid (ester) to a fl carbon results in similar difficulties in the CAN oxidation. Some of these 

difficulties can be overcome by modifying the ceric oxidant or the pyrrole, as will be reported later, but for CAN 

oxidations, apparently, the presence of the a '  carboxylic acid ester uniquely activates an a-methyl group. In the 

following, we show that CAN can be used to oxidize pyrrole a-methyls to a-formyls in high yield in u ' -  

carboethoxylpyrroles with a wide variety of fl substituents. 

TABLE 1. Reactants, Products and Yields in Ceric Ammonium Nitrate Oxidations of Pyrroles (X= CO2CH3CH3). 
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88% 

... -cHc?" 
H 
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X ~ C H O  
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82% 

X ' ~ C H O  
H 
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79% 

X 

X " ~ C H ~  
H 

11 

CHO 

x ' ~ C H  3 
H 
13 

x c.o 
H H 

I t 12 
12 14- 

86% 55% 

General Oxidation Procedure. One mitlimole of the pyrrole is dissolved in a solvent mixture of 10 mL of tetra- 

hydrofuran + 12 mL of acetic acid + 10 mL of water at room temperature; then ceric ammonium nitrate (2.24 

g, 4.1 mmoles) (EM-Science or Aldrich Chemical Co.) is added in one portion while the mixture is stirred mag- 

netically at room temperature for one hour. (Conversion of 3 --- 4 is carried out at 0°C, conversion of 9 --, 10 

at -30°C.) The reaction is quenched by pouring into water (300 mL) and extracted with dichloromethane (3 x 30 

mL). After washing with saturated aqueous sodium bicarbonate solution, the combined dichloromethane extracts 

are dried over anhydrous sodium sulfate then evaporated (roto-vap). The residue is purified by flash chromatog- 

raphy on (Woelm TLC) silica gel eluting with dichloromethane-methanol, 100:1 by volume. The chromatographer 

material is typically sufficiently pure to be used in subsequent synthetic steps. Analytical samples may be obtained 

by crystallization. 6-12 

Oxidation of 13 --, 14 requires the following modification to the procedure above. The solvent mixture 

is 10 mL of acetic acid plus 2 mL of water, and the reaction is heated at reflux for 3 hours with stirring. 

Summary. CAN offers a useful alternative to sulfuryl chloride or lead tetraacetate for oxidation of pyrrole ct- 

methyls to a-aldehydes. The former is expensive and attacks unsubstituted pyrrole B-positions, whereas the latter 

causes environmental problems. In the CAN oxidations described, Ce(IV) acts as a one-electron oxidant, and the 
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-CH 3 --, -CHO conversion is thought to proceed through an intermediate alcohol (-CH2OH), which is oxidized in 

a second step. Thus, 4 mole equivalents of CAN are required in the oxidation of methyl to formyl, and H20 is 

necessary to form the intermediate. When CAN reactions are carded out in the presence of methanol, methyl 

ethers may be isolated. The scope of Ce(IV) oxidations of pyrrole a and fl substituents is currently under 

investigation, as is direct formation of dipyrrylmethanes. 
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