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ABSTRACT: The chemoselectivity of electrochemical amide oxidations in the presence of mono- 
methoxylated phenyl rings was examined. Oxidation of (3-methox 

K" 
henyl)acylpyrrolidine led to 

exclusive formation of the desired amide oxidation products, w ile oxidation of the 
4-methoxyphenyl isomer led to exclusive formation of aromatic ring oxidation products. 

In 1981 Shono and coworkers reported the anodic methoxylation of an amide in the presence of 

a phenyl ring (equation l).' The resulting methoxylated amide was then cyciized with acid to 

generate a tricyclic alkaloid ring system. 
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Yet in spite of the success of this reaction, and the potential for electrochemistry to provide 

a useful oxidative alternative for the generation of acyliminium ions, little has been done to 

extend these reactions to the construction of natural products.' 

One of the chief barriers to using electrochemical amide oxidations in synthetic efforts 

involves the electron rich aromatic rings found in many natural products. Electron rich 

aromatic rings do not appear to be compatible with the anodic oxidation conditions needed to 

oxidize an smide.3 For example, anisole is reported to have an oxidation potential of ca. + 

1.76 v (Ellz vs. SCE),4 while N-acylpyrrolidine is reported to have an oxidation potential of 

ca. + 1.88 v (E,,, vs. SCE).5 These oxidation potentials would suggest that an amide can not be 

oxidized selectively in the presence of a monomethoxylated phenyl ring. However, in conjunction 

with a project aimed at extending the use of organic electrochemistry in synthesis, we have 

found that consideration of oxidation potentials alone is not satisfactory for predicting the 

chemoselectivity of these reactions (Scheme I). 

Initially N-(3-methoxyphenyl)acylpyrrolidine (la) was oxidized using a carbon anode in a 10% 

methanol/acetonitrile electrolyte solution containing 1 M tetraethylammonium tosylate. Constant 

current conditions were utilized. Surprisingly only the methoxylated products derived from 

amide oxidation were obtained in an 86% isolated yield (both isomers about the amide linkage 

were formed in a 1:l ratio).6 Analysis of the crude reaction mixture by 300 MHz 'H NMR showed 

no evidence of aromatic ring oxidation. The methoxylated amide products (represented by &) 
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oxidation wave obtained for la (using a Pt anode, O.lM LiClO, in CHsCN as solvent, and a 

Ag/AgCl reference electrode) showed an initial oxidation wave at E,,, = +2.06 and a second wave 

at SW - +2.25 V. This wave resembled the oxidation curve obtained for methyl (3-methoxy- 

phenyl)acetate but not the wave obtained for either 4-pentenoylpyrrolidine or a 1:l mix of 4- 

pentenoylpyrrolidine and methyl (3-methoxyphenyl)acetate. This suggests that oxidation of 

compound b occurs initially at the aromatic ring, even though only products of amide oxidation 

are observed in the preparative scale reactions. It is also interesting to note that the return 

reduction wave observed in the CV of h is different than the return reduction wave observed in 

the CV of methyl (3-methoxyphenyl)acetate. 
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In summary, we have found that the chemoselectivity of electrochemical amide oxidations in 

the presence of monomethoxylated phenyl rings depends strongly on the position of the methoxy 

substituent. Anodic oxidation of 3-(methoxyphenyl)acylpyrrolidine led to exclusive formation of 

amide oxidation products in spite of the lower oxidation potential of the monomethoxyphenyl 

ring. Studies aimed at exploring the synthetic utility of this reaction, extending the reaction 

to more electron rich aromatic rings, and elucidating the mechanism of the oxidation are 

currently underway. 

General Experimental: A two hole rubber stopper was fitted with a needle to be used as a 

nitrogen inlet and two carbon rod electrodes (6 mm in diameter). The stopper was placed an top 

of a vial which had been charged with 0.5 mL of methanol, 4.5 mL of acetonitrile, 1.5 g (5 

mmol) of tetraethylammonium tosylate, and 89 mg (0.40 mmol) of (3-methoxyphenyl)acyl- 

pyrrolidine. The reaction was degassed by bubbling nitrogen through the system for five minutes 

and then electrolyzed with a constant current of 7.5 IDA.' After 2.7 F of charge were passed the 

reaction was concentrated in vacua and then immediately chromatographed through silica gel 

using 50% ether/dichloromethane as eluent to afford 85.6 mg (86%) of the purified product, 2a.s 

The product was obtained as an inseparable mixture of the two isomers about the amide linkage. 
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TLC R, - 0.3 with 50% ether/dichloromethane (p-anisaldehyde stain); ' H NMR (300 MHz) 6 7.23 

(m, lH), 6.90-6.74 (m, 3H), 5.48 (d, l/2 H, J - 4.8 Hz. methine proton next to the methoxy 

group in one of the amide isomers), 5.01 (d, l/2 H, J - 3.3, methine proton next to the methoxy 

group in one of the amide isomers), 3.80 (s, 3H), 3.73 and 3.65 (two s, 2H, benzylic methylene 

protons for the two isomers), 3.39 and 3.32 (two s, 3H, alkyl methoxy groups for the two 

isomers), 3.71-3.36 (series of multiplets totaling two H), 3.39 and 3.32 (two s, 3H, methoxy 

group on the pyrrolidine ring for the two isomers), 2.22 - 1.63 (m, 4H); IR (neat/NaCl) 2940, 

2890, 2840, 1670-1640 (s), 1602, 1587, 1490, 1470-1400, 1100-1040 cm-'; LRMS m/e (rel. 

intensity) 249 (M, 16), 250 (M+l, 3), 234 (M-Me, 56), 218 (M-MeO, 16), 217 (M-MeOH, 17), 148 

(M-C,H,,NO, 91), 128 (loo), 86 (99), 69 (93); HRMS (EI) m/e: 249.1372 (calcd. for C,,H,,NO, - 

249.1365). 
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