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The oxidative decarboxylation of a-amino-acids has received continuous
attention by organic chemists. Implication of this reaction with oxidations
in living organisms and with alkaloid biogenesis is well known., Until recently,
howéver, N-halodecarboxylation of aq-amino-acids induced by hypohalogenites2 and
by N-bromosuccinimide3, has been the only method which has found synthetic

applicationst’4

. Two substantially new procedures concern the recently
reported syntheses of f-lactams by oxidative decarboxylation of N-substituted
azetidine carboxylic acidss. Comparatively few data are available concerning
N-acylaminoacids and peptides; aqueous peroxydisulphate6 or lead tetraacetateZb’7
have been used to degradate N-acetylamino-acids, while N-bromosuccinimide was
found to be effective only on the corresponding silver saltsa. A fully charac-~
terized peptide which underwent oxidative decarboxylation has been reported

only recently9

and the mechanism of such reaction is under investigation.

We now describe a new general procedure for the oxidative decarboxylation of
the title compounds. The reaction involves brief treatment of B—nitrophenyl-
esters (ONp) of N-acyl-a-amino-acids and peptides with m-chloroperbenzoic acid
(MCPBA) at room temperature in mild alkaline aqueous medium. The method is
exenplified by the reaction on benzyloxycarbonyl-L-proline g-nitrophenylester.
To a solution of Z-Pro-ONp (1.0 mmol) in 24 ml of dioxane, 12 ml of 0.1 M
NaHCO3 and 12 ml of C.1 M NaZCO3, MCPBA (2.0 mmol) was added. The solution was
allowed to stand 3.0 h at room temperature, treated with saturated agueous
NaZCO3 and extracted with chloroform. The organic phase was washed with water,
dried and evaporated to give essentially pure gb(go%)lo.

The results summarized in the Table show that a-amino-acid and a-imino-

acid derivatives give two different types of compounds. Starting from
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derivatives of sarcosine, azetidine-2-carboxylic acid, proline and pipecolic acid,
compounds 2, 7, 8, 9 and 1} are obtained, in which the carboxyl group has been
replaced by an hydroxyl group. In the case of cyclic imino-acids the compounds so
formed are amido-aldehydes, carbinolamides or a mixture of both, according to the
expected ring chain tautomerismll.

Derivatives of glycine, alanine, valine and phenylalanine give, on the other

hand, imides or N-acylcarbamates é, 4, 2, 6 and 10, showing that decarboxylation

TABLE ®
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a)All new compounds gave correct elemental analyses and spectral data consis-
tent with the assigned structures. PLC on silica gel was used to isolate the
products when necessary. The abbreviated formulae follow the IUFAC-IUB recon-
mendations; Pip = piperidine-2-carboxylic acid; Aze = agetidine-2-carboxylic
acid. P/)Typical PMR signals (90 MHz, é ppm, CDC1l3); 1: 4.65(d,2H,CHN), 6.18(t,1H,
NH), 4.28(br,1H,0H); 3: 8.97(4,1R,J=9.6Hz,HCO), 8 68(br d,1H, NH) 5.21(s,2H,
CH2); 4: 2. 38(s 3H,CHj3 ), 8. 20(br s,1H NH), 2: 1. 13(d,6H methyls), 3.20(m,1H,CH),
7.68(br s,1H,NH); 6: 5 18(s,2H, CHgO), 4.03(s,2H, CHECO) 7.8(s,1H,NH); 2: 3. O(s,
3H,CH3), 3. S(br 1H,0H), 4.8(s,2H,CHpN); 7: 9. 78(t 1H, J=1. OHz, HCO), 2.60(%,2H,
CHQCO), 3.45(dt,2H,CHoN), 5. 38(br s, 1H,NH); 8b: 5. 5(br 8, NCHOH), 3.9(br s,0H);
B8a: 5.68, 5. 40(br s,NCHOH), 3.62, 3, 81(s 2H, PhCHg), 4.40(br s,0H); 9: Q. 73(t

0. 4H,J=1.,5Hz,HC0), 6.1-5.5(complex, NCHOH), 3.71, 3.52(s,2H, Phgﬁz), 2. 35(m C.8H,
CHpCHO), 3. 9(br OH), 5.6(br,NH); 10: 9.45(s,1H,imidic NH), 5.75(d,1H,NHCOO),
5.10(s,2H CHQO), 4.58(m,1H AlaCaH), 3.90(s,2H, CHQCO), 1.27(d,3H,AlaCgHy); 1l:
(IOOMHZ) 9.68(t,0.5H,J=1.5Hz,HCO), 5.51(d,1H NHCOO), 4.65(dt,1H, PheCaH% 4,23(m,
1H,AlaCgH). P%R spectra of 8 and 9 clearly show cis/trans isomerism about the
amide bond. Identical with an authentic spe01%3n prepared according to S.
Takeuchi et al., Makromol.Chem., 157, 63(1972). Reaction of b with hydroxyl-
amine (NHpOH-HC1, AcONa, EtOH, HpO; 2.0 h reflux) gave the oxime ZNH(CHjp)3-CH=NOH
m.p. 94-95°C, yleld 85%.
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is accompanied by oxidation of the a-carbon atom to carbonyl group.

In the case of Z-Gly-ONp the reaction mixture contains appreciable amounts
of the hydroxymethyl derivative 1 in addition to the acylcarbamate 3 (see Table).
The product composition is approximatively inverted when 1.0 mole of MCPBA per
mole of Z-Gly-ONp is used, but in this case the mixture is contamined by the
starting material. It is of interest to note that the hydroxymethyl derivative
1 is unaffected when treated with MCPBA in the standard conditions. This
finding parallels the independent observation that no significant amounts of
imides or N-acyl-lactams are found in the oxidative decarboxylation of imino-
acid derivatives.

A preliminary interpretation of the experimental results is illustrated in
the Scheme. At the early stages of the reaction, diacyl peroxides 12 and their
"carboxy inversion" products 13 are proposed as key intermediateslz, common to
both a-amino and a-imino-acid derivatives. For the first class of compounds
formation of N-acylimines 14 from mixed carbonates 13 (path A) and subsequent
reaction of this species with MCPBA to give imides or N-acylcarbamates repre-
sents the prevailing pathway. Only in the case of the unsubstituted N-acyl-
imine derived from Z-Gly-CNp the reaction with water, leading to carbinolamide
l, is found to compete significantly (see Table).

e-Imino-acid derivatives cannot form N-acylimines and N-acylimmonium ions
are probably too high-energy intermediates15 to be considered in the adopted
conditions. Hydrolysis of mixed carbonates (path B) to give carbinolamides

seems then the favoured route.

It is of interest to note that carbinolamides of type Q, which can be
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obtained in high yield with the present method, should be useful intermediates
for the synthesis of c¢cyclic N-acylenamines, a class of compounds difficult to
obtainls. This and other applications of the present method are currently
under investigation.
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