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ABSTRACT

A facile synthesis of various enamides from aminothioesters via a palladium(0)-catalyzed decarbonylation/�-hydride elimination is reported.
This protocol was applied to mercaptopyridyl C-terminal modified peptides for the generation of enamides without epimerization at stereogenic
centers.

Generation of enamides has been a long-standing interest to
the biological and chemical community as these motifs are
contained in several bioactive natural products (Figure 1).1

Enamides have also been used extensively as a building block
for further transformations.2 Several standard methods have
been reported in the literature for the synthesis of enamides
including Curtius rearrangement of R,�-unsaturated acyl

azides3 and amide Petersen olefination,4 copper-mediated
amidation of vinylic halides,5 Horner Wittig and Wadsworth
Emmons reactions,6 and others7 as shown in Scheme 1.
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Figure 1. Natural products possessing the enamide functional unit.
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However, some of these protocols require several steps to
generate the desired compounds, harsh conditions for ena-
mide formation, or the synthesis of unstable precursors.

In 2007, Liebeskind and co-workers reported a palladium/
copper facilitated cross coupling between aminothioesters
and organoboronic reagents.8 When using Pd(PPh3)4 and
copper thiocarboxylate at elevated temperatures, they re-
ported the formation of the desired cross coupled product
with the enamide obtained as the byproduct in Scheme 2.

Crisp and Bubner also have reported enamide formation
when attempting to cross couple aminothioesters with
organotin reagents using Pd(dppf)Cl2.

9 These observations

led us to speculate whether the formation of enamides could
be promoted by a Pd(0)-catalyzed decarbonylative/�-hydride
sequence.

Herein, we report the study leading to this method for the
preparation of enamides. Not only does this developed
method provide easy access to substituted enamides starting
from simple protected amino acid derivatives, but it also
allows the introduction of the possibility of C-terminal
modification of peptides.

Applying the conditions developed by Liebeskind without
the copper additive failed to yield enamide formation.
Various solvents, bases, and temperatures were screened with
these catalysts, and the reactions yielded only starting
material or decomposed material. Other palladium complexes
were investigated (Table 1). The allyl palladium chloride

dimer and dppf (entry 3) achieved 14% isolated yield of the
desired enamide product 2a. Various other ligands, mono-
dentate and bidentate, were screened with the same palla-
dium(II) complex. Using CataCXium A (entry 6) provided
a 70% NMR yield. After screening solvents (THF, PhMe,
and dioxane) with allylpalladium chloride dimer and Cat-
aCXium A at various temperatures with various bases, using
diisopropylethylamine at 100 °C in dioxane for 18 h was
determined as the optimal conditions for this system.
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Scheme 1. Previous Enamide Syntheses

Scheme 2. Liebeskind’s Previous Studies

Table 1. Initial Screening Experiments

entry Pd source liganda NMR yield, %

1 PdCl2 PCy3 13
2 Pd(dba)2 PCy3 0
3 [(η3-allyl)PdCl]2 Dppf 14
4 [(η3-allyl)PdCl]2 DtBuPF 28
5 [(η3-allyl)PdCl]2 PtBu3

a 21
6 [(η3-allyl)PdCl]2 CataCXium A 70
7 [(η3-allyl)PdCl]2 Josiphos 41
8 [(η3-allyl)PdCl]2 CataCXium PinCy 29
9 [(η3-allyl)PdCl]2 CataCXium ABn 56
10 [(η3-allyl)PdCl]2 PCy3

a,b 42
a 0.20 equiv phosphine. b 3.0 equiv DIPEA instead of Cy2NMe. a Ligand

structures:
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Various leaving groups were also screened as shown in
Table 2. When subjected to the palladium decarbonylative

conditions, 2-mercaptopyridine 1c (entry 3) and 4-mercap-
topyridine 1d (entry 4) showed complete consumption of
starting material after 18 h and yielded the enamide product
in good yields. 4-Mercaptopyridine aminothioester 1d pro-
vided a more stable starting material, and when subjected to
the palladium decarbonylative conditions, a good 77%
isolated yield of 2 was obtained.

Using these optimized conditions, other aminothioesters
were then investigated, the results of which are depicted in
Table 3. The palladium decarbonylative method was applied
to a number of aminothioesters that contain aromatic chains,
heterogroups, and alkyl groups, furnishing the enamides in
moderate to good yields. In most cases, the trans-isomer was
isolated as the major product except in the case of entries 1
and 2, which favored the cis-product. In these cases, the cis
isomers were preferred presumably due to product stabiliza-
tion gained from hydrogen bonding between the amide and
the carbonyl substituent. The aminothioesters 3c-e (entries
3-5), in which R1 or R2 was aromatic, provided product
yields in the range of 74-77%. With R1 or R2 as an alkyl
chain, the yields dropped slightly to 51-64% with the
formation of the more highly substituted enamides furnishing
the better isolated yields, while the least substituted example
(entry 13) provided a 29% isolated yield of the vinyl amide.
Interestingly, in the case of the glutamic thioester (entry 6),
when presented with the possibility of double bond migration
in order to be in conjugation with the carboxylate group,
the reaction yielded only the desired enamide product.

This method was also applied to small peptide chains with
an aminothioester at the C-terminal end, providing 58-72%
yields of the desired enamides 5-7 depicted in Figure 2.
The method also works with nonstandard amino acids, such

as one containing a 2,2,2-trifluoroethyl side-chain, yielding
the volatile enamide 8 in a 21% yield.

Table 2. Varying the Nature of the Leaving Group

a Isolated yields of the trans- and cis-isomers. b The cis-isomer was
inseparable from the phosphine ligand on silica flash chromatography.

Table 3. Enamide Synthesis from Amino Acids

a SAr ) 4-mercaptopyridine. b All trans:cis ratios in parentheses were
determined by isolated yield of each by flash chromatography except for
isoleucine and unprotected tryptophan. For isoleucine and unprotected
tryptophan derivatives, the trans/cis-isomers were inseparable.
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In summary, we have demonstrated a facile way of
synthesizing enamides from aminothioesters via a palladium-
catalyzed decarbonylative/�-hydride elimination process in
moderate to good yields. This method is applicable to various

aminothioesters and can potentially be further applied toward
the synthesis of various bioactive natural products that exhibit
this motif.
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Figure 2. Peptide and unconventional amino acid functionalization.
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