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ABSTRACT

The CuI-catalyzed coupling reaction of vinyl halides with amides or carbamates proceeds well at room temperature to 80 °C in dioxane to give
enamides using N,N-dimethylglycine as the promoter and Cs2CO3 as the base. The geometry of the C−C double bond is retained during the
reaction course.

Enamides are unique functional groups present in many
natural products discovered during the past decades, which
include protease inhibitors TMC-95-A-D,1 sedative and
antiinflammatory peptide frangufoline,2 cytotoxic agents
aspergillamides,3 chondriamides,4 as well as salicylihalamide
A and related compounds.5 In addition, enamides have found
a great deal of usage in the preparation of heterocycles6 and
in asymmetric synthesis of amides and amino acids.7 It is
not surprising then that synthetic interest in this target has
been considerable.6,8-11 Among the emerging methods,
copper-catalyzed coupling reaction of amides with vinyl
halides has received increasing attention and found applica-

tions in the total synthesis of natural products.9-11 Very
recently, two groups have independently observed that this
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reaction could be carried out under relatively mild conditions
with the assistance of eitherN,N′-dimethyl ethylenediamine
or substituted 1,10-phenanthrolines.10 A similar strategy was
used by Colleman and Liu to develop a facile route to the
enamide side chains of salicylihalamide A and related
compounds.11 Herein we wish to describe a new catalytic
system for this transformation, which showed advantage in
some aspects over the existing two systems.

Our previous studies have demonstrated that some amino
acids are excellent promoters for copper-catalyzed Ullmann-
type coupling reactions.12 In Buchwald’s report,10b N,N-
dimethylglycine was reported to be much less active than
N,N′-dimethyl ethylenediamine as an additive for CuI-
catalyzed coupling of 2-pyrrolidinone and 2-methyl-1-
bromopropene. We reasoned that this problem might result
from the solvent they used, and therefore controlled experi-
ments were undertaken. As shown in Table 1, heating a
mixture of 1-iodocyclohexene, 2-pyrrolidinone, Cs2CO3, CuI,
andN,N-dimethylglycine hydrochloride salt in toluene at 80
°C for 12 h gave coupling product1 in only 35% yield (entry
1). However, it was observed that the yield jumped to 85%
if the solvent was switched to dioxane (entry 2). Changing
the solvent to DMSO or base to K2CO3 and KOH all gave
considerably lower yields (entries 3-5). We next tested other
amino acid additives and found thatN,N-dimethyl glycine

was the first choice for this transformation becauseN-
monosubstituted amino acids showed a poor ability to
promote this reaction (entries 6-8) and only moderate yield
was observed in case ofN,N-dibenzylglycine as the additive
(entry 9). Thus, we concluded that the optimized combination
for this reaction was to use dioxane as the solvent, Cs2CO3

as the base, andN,N-dimethylglycine as the additive. Further
exploration indicated that, employing this combination, the
reaction still worked well at 60°C or even at room
temperature by using stoichiomertic amounts of CuI and
additive (entries 10 and 11).

With the optimized condition in hand, we then explored
the scope of this reaction by varying vinyl halides, amides,
and carbamates. As displayed in Table 2, using the coupling
with 1-iodocyclohexene as a model reaction, both cyclic and
acyclic amides were found suitable substrates (entries 1-3).
Carbamates also worked to give the corresponding vinylation
products5 and14 (entries 4 and 17). Whencis-type acyclic
vinyl iodides were used, onlycis-vinylation products were
isolated (entries 5 and 6), which indicated that the geometry
of the C-C double bond was retained during the reaction
course. Interestingly, coupling of 3-iodo-2-cyclohexenone
with benzamide furnished enamide8 in 82% yield (entry
7), which implied that this process could be used for
synthesizing a class of potential anticonvulsants.13

To develop an efficient protocol to prepareN-acyl viny-
logous carbamic acids and derivatives, Porco and co-workers
have investigated systematically copper-mediated coupling
reaction of amides withâ-iodoacrylates.10c They found that
the reaction yields could be improved by using some
substituted 1,10-phenanthrolines as the additives, while the
diamine ligands were less effective for this reaction. On the
basis of these studies, a mild condition was discovered to
obtain the desired coupling products in moderate to good
yields; however, a drawback is that 3 equiv of amides should
be used to ensure satisfactory yields. Thus, this transforma-
tion became an ideal model to test our catalytic system. To
our delight, heating a mixture of (E)-allyl 3-iodoacrylate (1
mmol) and sorbic amide (1 mmol), CuI (0.1 mmol),N,N-
dimethylglycine hydrochloride salt (0.2 mmol), and Cs2CO3

(2 mmol) in dioxane at 45°C for 12 h produced the cross-
coupling product9 in 56% yield (entry 8). By using
stoichiomertic amounts of CuI andN,N-dimethylglycine
hydrochloride salt this reaction even worked at room
temperature to give9 in 43% yield (entry 9). Similarly, a
coupling reaction using equal molar amounts of (E)-allyl
3-iodoacrylate and 2-pyrrolidinone at the above two condi-
tions afforded enamide10 in good yields (entries 10 and
11). These yields are almost identical with those obtained
by using a 3-fold excess of amides.10c Furthermore, our
catalytic system was found compatible with the coupling
of methyl cis-3-iodoacrylate with several amides or
carbamides to give the corresponding enamides11-14 in
good yields at either 60°C or room temperature (entries 11-
17). Thus, the combination of CuI as the catalyst,N,N-
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Table 1. Coupling Reaction of 1-Iodocyclohexenene with
2-Pyrrolidinone under the Catalysis of CuI and Amino Acidsa

entry amino acid base solvent yield (%)b

1 Me2NCH2CO2H‚HCl Cs2CO3 toluene 35
2 Me2NCH2CO2H‚HCl Cs2CO3 dioxane 85
3 Me2NCH2CO2H‚HCl Cs2CO3 DMSO 50
4 Me2NCH2CO2H‚HCl K2CO3 dioxane 61
5 Me2NCH2CO2H‚HCl KOH dioxane <10
6 L-proline Cs2CO3 dioxane 20
7 MeHNCH2CO2H Cs2CO3 dioxane 21
8 BnHNCH2CO2H Cs2CO3 dioxane 25
9 Bn2NCH2CO2H Cs2CO3 dioxane 50

10 Me2NCH2CO2H‚HCl Cs2CO3 dioxane 85c

11 Me2NCH2CO2H‚HCl Cs2CO3 dioxane 78d

a Reaction conditions: CuI (0.1 mmol), amino acid (0.2 mmol),
1-iodocyclohexenene (1 mmol), 2-pyrrolidinone (1.2 mmol), base (2 mmol),
solvent (1 mL), 80°C, 12 h.b Isolated yield.c Reaction was carried out at
60 °C. d Reaction was carried at rt for 30 h, and CuI (1 mmol) andN,N-
dimethylglycine hydrochloride salt (1 mmol) were used.
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dimethylglycine as the additive, Cs2CO3 as the base, and
dioxane as the solvent provided a more practical condition

for preparation ofN-acyl vinylogous carbamic acids and
derivatives.

Table 2. Coupling Reaction of Vinyl Halides with Amides or Carbamates under the Catalysis of CuI andN,N-Dimethylglycinea

a Reaction conditions: CuI (0.1 mmol),N,N-dimethylglycine HCl salt (0.2 mmol), vinyl halide (1 mmol), amide or carbamate (1 mmol), Cs2CO3 (2
mmol), dioxane (1 mL).b Isolated yield.c Amide (1 mmol) was used.d CuI (1 mmol) andN,N-dimethylglycine hydrochloride salt (1 mmol) were used.
e Product Z/E) 4/1 corresponding to the starting vinyl bromide Z/E) 4/1.
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When substrates were switched from vinyl iodides to vinyl
bromides, higher reaction temperature was needed to com-
plete the coupling reaction (entries 18-21). When a mixture
of 2-bromo-cis-2-butene and 2-bromo-trans-2-butene was
used, bothcis- andtrans-products were detected by1H NMR
in the same ratio (4:1) as the starting material (entry 19).
This result indicated that the geometry of the C-C double
bond was retained in this condition, which was further proved
since onlycis-enamide was determined in the coupling of
cis-â-bromostyene (entry 20). More importantly, we observed
that cis-â-bromocinnamic acid methyl ester reacted with a
carbamide to deliver a stereochemically retained product18
in 63% yield (entry 21), which may be a potential precursor
for asymmetric synthesis of amino acids.7,8h

In summary, we have demonstrated thatN,N-dimethyl-
glycine is a powerful promoter for CuI-catalyzed coupling
reactions of vinyl halides with amides or carbamides using
dioxane as the solvent and Cs2CO3 as the base. A wide range
of functional groups such as ketone, ester, and dienoic amide

groups were found to tolerate to this condition, which would
allow the preparation of a variety of enamides. In addition,
the present catalytic system can be easily removed from the
reaction system by simple washing, which makes separation
more convenient. Thus, it should find applications in the
synthesis of biologically and synthetically important enam-
ides.
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