J.C.S. CreEm. Comum., 1980 835

RhCl;-catalysed Amide Bond Formation under Mild Conditions

By YosHINORI YamMaM0TO,* HIDETAKA YATAGAI and KAZUHIRO MARUYAMA
(Department of Chemistry, Faculty of Science, Kyolo University, Kyoto 606, Japan)

Summary The reaction of carboxylic acid esters with active 2,5-dioxopiperazines can be synthesized in high
amines is accelerated in the presence of catalytic amounts yield from the corresponding amino-acid esters using
of RhCl;.3H,0 at a reasonably low temperature; optically this procedure.



836

ALTHOUGH a number of reactions, which 1nvolve the
formation of a transition-metal alkoxide [equation (1)] as an
mitial step have appeared,! such reactions of amines are
scarce [equation (2)] €2 We have now found that the
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reaction of carboxylic acid esters with amines 1s accelerated
1n the presence of catalytic amounts of RhCl; 3H,O (<5 mol
%) The results are summarized in the Figure Other
catalysts, such as RhCl(PPh,),, [Rh(CO),Cl],, and RuCl,, are
less effective 1n amide bond formation The catalyst works
well for other esters, such as ethyl formate, ethyl 1sovalerate,
and ethyl 1sobutyrate, but does not work for the corres-
ponding acids, or for esters with bulky groups such as But
and Prl

A mechanistic rationale which may account for the
observed catalytic process 1s shown 1n the Scheme, (a) oxida
tive insertion of Rh! into the N-H bond takes place and 1s
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Ficure Dependence of yield of amide on catalyst concentration
at 60 °C for EtCO,R (10 mmol) + BuNH,(30 mmol) —— EtCO-
NHBur R = Me, A, No catalyst, O, RhCl, 3H,O, 1%, [,
RhCly 3H,;0, 5%, R = Et, A, No catalyst, @, RhCl; 3H,0, 19,
H. RhCl4-3H,0, 5%

1 The optical yield has not necessanly been optimized
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followed by (b) the addition of the N-Rh bond to the
carbonyl group and (c) B-elmmation and reductive
elimination  Alternatively the acylrhodium complex may
be formed v2a oxidative addition of the ester?® to RhT
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Irrespective of the precise mechanism, the present
development offers some synthetic advantages The
conversion of a carboxylic acid ester into an amide fre-
quently needs high temperatures, and strongly basic or
acidic conditions ¢ Activated esters, such as imide esters
and p-nitrophenyl esters are required to carry out the
condensation under mild conditions However, 1in the
presence of RhCl; 3H,0O (1 mol %) optically active 3,6-di-
methyl-2,5-dioxopiperazine (2) was obtained quantitatively
from L-alanine ethyl ester (1) [equation (3)] ¥ The 1somer
ratio was determined using a capillary column packed with
an optically active hquid phase (OA-300),} L1-(2) (85%),
pD-(2) (5%), and LD-(2) (10%) Similarly, other amino-
acid esters, such as the p-1somer of (1), phenylalanine, and
valine, afforded the corresponding dioxopiperazines in
optically active form Normally, optically pure dioxo-
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piperazines are prepared by the cyclization of the corres-
ponding dipeptides ® One-step syntheses from amino-acid
esters at high temperature are frequently accompanied by
polymerization and loss of optical activity ® Conse-
quently, the formation of an amide bond in essentially
quantitative yield at reasonably low temperature using
homogeneous catalysts such as RhCl; 3H,0 and RuCl,
should prove very useful 1n the synthesis of certain peptides
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To avoid racemization, 1t 1s necessary to perform the reaction at room





