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ABSTRACT
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K5,COg or CsoCO,
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A general and efficient copper-catalyzed method for the amidation of vinyl bromides and iodides has been developed. This protocol uses a

combination of 5 mol % copper iodide and 20 mol %

N,N'-dimethyl ethylenediamine. Substrates bearing ester, silyl ether, and amino groups

were successfully coupled under the reaction conditions. The double bond geometry of the vinyl halides was retained under the reaction

conditions.

Enamides are important synthetic intermediatas,well as

a structural component of many natural prodddBonven-
tionally, protocols for their preparation include direct addition
of amides to alkyne%,acylation of imines, the Curtius
rearrangement ofx,S-unsaturated acyl azidésand the
olefination of amides$. Although these protocols provide
access to enamides, they suffer from either low yield or lack
of stereocontrol on the double bond geometry. Transition-
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metal-catalyzed C—N bond formation has been an area of
intensive research during the past 10 yéarast of the work

has concentrated on the formation of aromatieNCbonds,
with only two examples of the palladium-catalyzed intramo-
lecular vinylation of an amide reportédn contrast, the
intermolecular vinylation of amides has been demonstrated
using copper as the catalyst or promdtdfor example,
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Ogawa reportetd the cross-coupling reaction between potas- & @H 110 15 84
sium amides and vinyl bromides mediated by a stoichiometric 5
quantity of Cull® More recently, using CuTc (Tc= P Me
thiophene-2-carboxylate) as a catalyst, Porco des®lzed 8 o”NH Me>=\Br 80 15 94
copper-catalyzed amidation of vinyl iodides to give enamides —
in moderate yield. Both protocols only worked for terminal i
vinyl halides. Moreover, they required the use of either 9° o7 "NH 110 16 95
HMPA or NMP as solvent. \—(

On the basis of our previous work on the copper-catalyzed an
C—N bond formation of aryl halide&© we felt that the use . )L 110 " o4
of an appropriate ligand would allow us to realize a mild 10" 0" NH
and general procedure for the synthesis of enamides. Using )—(
2-pyrrolidinone and 2-methyl-1-bromopropene as the pro- Me  Ph
totypical substrate combination, an initial ligand screen was NH,
carried out with Cul as a catalyst and®0O; as a base. To 1104 NH 110 16 81
our delight, among the eight ligands examined,N'- 2
dimethylethylenediamine (7) antfans-N,N'-dimethyl-cy- 0

CIOhe)_(yld'amme (8) gave excelle_nt results. Of_ the bases . Isolated yield average of two runRotameric mixture was isolated.
examined, KCO; turned out to give the best yield. The c1.2 equiv of vinyl bromide was employe#i10 mol % of Cul and 20 mol
combination of Cul,7, and KCO; could be successfully % of 7were employed.

employed in a variety of solvents including THF, dioxane,

toluepe, and DMF. .Couplmg reactions involving vinyl of five-membered lactams was generally faster than those
bromides were carried O.Ut ‘T"t LI%, and the process of the others?! Both cyclic amides and acyclic amides could
generally went to comp!etlon n less than 16 h. To the best be combined with vinyl halides to give the desired enamides
of our knowledge, this is the first example of the copper- in excellent yields. Notably, an amide with a free anilino

catgli/zeci amlda_lgon r?f anbunacuvated \émyl blromldet.hA group was also successfully coupled using this catalytic
variely of enamides have been prepared empioying _esesystem (Table 1, entry 11). We found, however, that acyclic
conditions, as shown in Table 1. Four-, five-, and six-

membered lactams were all viable substrates- the react,onsec:ondary amides were not suitable substrates, most likely
w Vi u ' 'yecause of their increased level of steric hindrance. In

contrast, this protocol was less sensitive to the size of the

(10) While this manuscript was being prepared, a paper utilizing a
stoichiometric quantity of CuTc anbl,N'-dimethylethylenediamine was
reported: Wang, X.; Porco, J. A., I. Am. Chem. So€003,125, 6040. (11) Shakespeare, W. Getrahedron Lett1999,40, 2035.
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s employed. This general protocol could also be applied to

Table 2. the vinylation of carbamates (Table 1, entries 8—10).
. The coupling of vinyl iodides was also examined with the
o) 5mol% Cul, 7 o) . R . -
Iy R Cs,COy 1L _.R® same catalyst system. The amidation of vinyl iodides was
RUONH Y |/:/_ THF, temp. RN found to proceed under mild conditions70 °C), and in
R? R? one case the reaction proceeded at room temperature. For
entry  amide vinyl halide  temp.(°C) time(h) yield(%)? the amidation of vinyl iodides, the use of L©; as a base
o generally gave better results thapdOs. As shown in Table
1o PS AP0ty 15 82 2 o,B-unsaturated amides were also viable sub_strates._More
Me™ "NH, importantly, the double bond geometry of the vinyl halides
I was retained in the product. We also found tlgf-
2 K/"-OCt 50 12 84 unsaturated-f-iodoesters were successfully coupled with
amides to provide the dehydfamino ester, a precursor
Lo for f-amino acids? In these cases, it is important to stop
3 S X L ) :
OoEt 70 5 67 the reaction at the time indicated; extended heating results
. in decomposition of the products.
4 : . -
Me)\/U\OEt 70 6 6 In conclusion, we have developed a mild and efficient
0 protocol for the copper-catalyzed coupling of amides and
50 X-“NH carbamates with vinyl bromides and iodides. This procedure
210t 79 14 86 i i i i
[ provides access to the structurally important enamide moiety.
| The mild reaction conditions and increased scope relative
6° \/n-oa 0 14 9o to previous methods, the operational simplicity, and the

functional group compatibility of this process should render

a|solated yield (average of two rund)Reaction was run in DMF. this protocol attractive to synthetic chemists.
¢K2CO; was used as bas&The starting vinyl iodide contained5% cis-
isomer.
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