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ABSTRACT

The palladium-catalyzed coupling of a range of enol triflates with amides, carbamates, and sulfonamides has been developed. This offers a
simple and widely applicable synthesis of enamides, which may not be readily available by other means.

In recent years there has been a surge of interest in the
palladium-catalyzed C-N bond-forming reactions of aryl
halides with amines and amides.1-3 These reactions can
proceed under mild conditions and are compatible with a
range of substrates, offering improvements over traditional
methods. For many palladium-catalyzed reactions, enol
triflates can also function as reactive coupling partners;4

however, this has only recently been extended to C-N bond-
forming reactions with the amination of a simple enol triflate
to afford an enamine.5 The related amidation of an enol
triflate would constitute a straightforward synthesis of
enamides, which are valuable substrates for asymmetric
hydrogenation reactions and hence for the synthesis of
optically pure amines (Scheme 1).

With regard to a recent drug discovery program at Merck,
a stereodefined trisubstituted enamide was required for
hydrogenation studies. While 1,1-disubstituted enamides can

be prepared,6 the synthesis of highly substituted enamides
in an efficient and stereoselective manner is more challeng-
ing.7 The palladium- or copper-mediated amidation of a vinyl
halide appeared attractive;8 however, the controlled produc-
tion of these substrates would also present a challenge. In
contrast, the selective formation of a single enol triflate from
a ketone may rely on simple kinetic vs thermodynamic
control in the enolate formation step and can be tuned by
judicious choice of base and solvent combinations. To the
best of our knowledge, no amidations of enol triflates have
been reported, and in this paper we describe our initial studies
on this useful reaction.
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The readily accessible enol triflate1, along with acetamide,
was chosen to screen reaction conditions, and initially
the procedure developed by Buchwald1f for the amidation
of aryl halides was examined [Pd(OAc)2, Xantphos,9 and
Cs2CO3 in 1,4-dioxane at 80°C]. After 8 h, complete
conversion of the enol triflate to a 1:1 mixture of two new
products was observed, and after chromatographic separa-
tion, these were identified as the two isomeric enamides2a
and 2b.10 This indicated that the coupling was indeed a
viable process but also suggested that isomerization of the
enol triflate or product had taken place during the reaction.
Indeed, resubjection of either of the purified enamides to
the reaction conditions afforded a 1:1 mixture of isomers.
Lowering the temperature to 40-50 °C led to slower
isomerization, and at room temperature the enamides were
relatively stable to the reaction conditions. Hence, for
successful implementation, amidation at room temperature
would be required. On the basis of this, a number of
palladium sources, ligands, bases, and solvents were screened
for this reaction

As can be seen from Table 1, running the reaction at room-
temperature allowed for moderate conversion with minimal
isomerization and a change of palladium source to Pd2(dba)3
gave a 94:6 ratio of enamide isomers with high conversion
after 8 h. Even at these temperatures product equilibration
still occurred after prolonged reaction times. The use of
ligands other than Xantphos (PCy3, BINAP, dppf) was not
successful, with only BINAP providing any of the desired
product. Changing the solvent had only a minor effect;
however, Cs2CO3 was found to be the optimal base. Amine
bases did not promote the reaction, and the use of KOtBu
afforded solely the corresponding alkyne.

With a viable coupling procedure in hand, attention was
turned to the generality of the process and the couplings of
a range of structurally diverse enol triflates with different
amides were studied (Table 2). Where enamide equilibration
was not possible, reactions were run at 50°C and, as
anticipated, this higher reaction temperature allowed for
complete consumption of starting material without detri-
mental side reactions.

The coupling was found to be compatible with primary
aliphatic and aromatic amides, including the hindered trim-
ethylacetamide and adamantanecarboxamide (entries 4 and
5), and also with functionalized amides (entry 6).11 In the
case of secondary amides, good yields were obtained with
the cyclic 2-pyrrolidinone (entry 7), butN-methylbenzamide
did not react with either enol triflate3 or 4. This may be
due to steric constraints, as a similar lack of reactivity for
secondary amides has been observed in related reactions.1f

The high yields obtained for the couplings of primary amides
can also be attributed to the lack of reactivity of the
secondary amide product to further coupling. The hindered
enol triflate5 required higher reaction temperatures, reaching
only 80% conversion after 20 h at 80°C (entry 8). Some
form of enol triflate activation by electron-withdrawing
substituents or conjugation appeared to be necessary, as enol
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(11) General Procedure for Palladium-Catalyzed Amidation Reaction:
Synthesis of Enamide11. To a solution of enol triflate3 (255 mg, 0.832
mmol) in dioxane (5.0 mL) at room temperature was added Cs2CO3 (379
mg, 1.16 mmol), trimethylacetamide (109 mg, 1.08 mmol), Xantphos (43.6
mg, 0.075 mmol), and Pd2(dba)3 (23.0 mg, 0.025 mmol). The mixture was
degassed and stirred at 50°C for 9 h after which time complete conversion
was obtained. The mixture was filtered, concentrated, and purified by flash
column chromatography (toluene) to give the desired enamide (214 mg,
96%): mp ) 96-98 °C; IR (CHCl3 solution) 3252, 2920, 1650, 1645,
1510, cm-1; 1H (400 MHz, CDCl3) δ 7.37 (dd,J ) 7.9, 1.4 Hz, 2H), 7.27
(tt, J ) 7.9, 1.4 Hz, 1H) 7.19 (dd,J ) 7.9, 1.4 Hz, 2H), 6.73 (s, 1H), 2.64
(m, 2H), 2.35 (m, 2H), 1.76 (m, 4H), 1.00 (s, 9H);13C (100.6 MHz, CDCl3)
δ 176.3, 140.8, 130.9, 128.6, 128.1, 127.0, 125.6, 39.0, 30.7, 27.6, 27.3,
22.8, 22.7; LCMS 258 (MH+, 80), 174 (80), 157 (100); HRMS C17H23NO
(MH+) theory 258.1858, measured 258.1851.

Table 1. Optimization of Coupling Conditions

ligand palladium solvent base temp time conversion ratioa

Xantphos Pd(OAc)2 dioxane Cs2CO3 80 °C 16 h >95 45:55
Xantphos Pd(OAc)2 dioxane Cs2CO3 rt 6 h 75 92:8
Xantphos Pd2(dba)3 dioxane Cs2CO3 rt 8 h 85 94:6
Xantphos Pd2(dba)3 dioxane Cs2CO3 rt 20 h >95 45:55
PCy3 Pd2(dba)3 dioxane Cs2CO3 rt 16 h 0
BINAP Pd2(dba)3 dioxane Cs2CO3 35 °C 16 h 16 46:54
dppf Pd2(dba)3 dioxane Cs2CO3 35 °C 16 h 0
Xantphos Pd2(dba)3 THF Cs2CO3 rt 6 h 67 93:7
Xantphos Pd2(dba)3 dioxane KOtBu rt 3 h 0b

Xantphos Pd2(dba)3 dioxane iPr2NEt 35 °C 16 h 0

a HPLC ratio of2a:2b. b Starting material converted to alkyne
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triflate 6 did not react with acetamide or benzamide (entry
9) and only trace amounts of product were isolated from the
reaction of enol triflate7 with 2-pyrolidinone (entry 10). In
substrates where elimination to alkynes or allenes was not
possible, KOtBu could be employed as an alternative base.
With enol triflate3, shorter reaction times were required with
the soluble base compared to Cs2CO3 (entry 3); however,
competing hydrolysis to the starting ketone lowered yields
with enol triflate4 (entry 11).

While amides are the most commonly employed nitrogen
protecting group for enamide hydrogenation reactions, the
harsh conditions required to remove these groups can limit
substrate compatibility. With this in mind, C-N bond-
forming reactions were studied with other readily available

nitrogen compounds. Bothtert-butyl and benzyl carbamate
underwent coupling reactions with enol triflate3 in high yield
(entries 12 and 13); however, the less nucleophilicp-
toluenesulfonamide could only be coupled with the highly
reactive enol triflate4 (entry 14).12

The presence of an aryl bromide in either coupling partner
did not interfere with the desired reaction under the above
conditions. For example, the coupling of enol triflate3 or 4
with 2-bromobenzamide at 50°C afforded solely the product
resulting from amidation of the enol triflate with no polym-

(12) While a conjugate addition/elimination pathway could operate for
this enol triflate, we feel that this is unlikely due to the lack of reactivity
in the absence of palladium (<5% conversion after 24 h). We thank a referee
for alerting us to this possibility.

Table 2. Coupling of Various Enol Triflates and Amidesa

a Reagents and conditions: enol triflate 1.0 equiv, amide 1.2 equiv, Cs2CO3 1.4 equiv, Pd2(dba)3 3 mol %, Xantphos 9 mol %, 0.2 M in dioxane, 50°C,
8-14 h.b Isolated yield after chromatography.c At room temperature.d Using KOtBu.e At 80 °C.
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erization of the bromobenzamide or subsequent Heck reaction
of the product (Scheme 2). Coupling of acetamide with enol
triflate 21 at room temperature gave an 83% yield of the
product from reaction of the enol triflate. Increasing the
reaction temperature to 50°C resulted in some alkene

isomerization, but no coupling with the aryl bromide group
was observed at this temperature.

In conclusion, we have demonstrated that the palladium-
catalyzed amidation of activated enol triflates to afford
enamides is a viable procedure for the synthesis of a range
of cyclic and acyclic enamides. The reactions proceed under
mild conditions that would be compatible with a range of
functionality. Selective coupling of an enol triflate in the
presence of aryl bromides can be achieved. Carbamates, and
in some cases sulfonamides, can also be coupled efficiently.
Where enamide equilibration can occur, control of reaction
temperature allowed for stereoselective synthesis of the
required enamides.
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Scheme 2a

a Reagents and conditions: (a) Cs2CO3 1.4 equiv, Pd2(dba)3 3
mol %, Xantphos 9 mol %, dioxane, 50°C, 16 h.b Acetamide 1.3
equiv, Cs2CO3 1.4 equiv, Pd2(dba)3 3 mol %, Xantphos 9 mol %,
dioxane, 23°C, 9 h.
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