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Abstract : (E)-Enamines and 1-amino-1,3-dienes have been prepared
by reaction of secondary amines with alk-1-en-1-yl acetates resulting
from the ruthenium-catalyzed anti-Markovnikov addition of acetic acid
to terminal alkynes and enynes.

Enamines are very specific and useful enol equivalents for aldehydes.
They react with electrophiles such as propargyl and allyl bromide or
carbonyl derivatives, and add to Michael acceptors to give selective C-C
bond formation.! With imine derivatives, enamines give 1-azabuta-1,3-
dienes,? pyridines,” or diamines,* and they have been used for the access
to cyclopentadienes via [3+2] cycloaddition with chromium and
tungsten alkynylcarben(—:s.5 As far as unsaturated enamines are
concerned, 2-amino-1,3-dienes have found useful applications for the
synthesis of functionalized [4+2] cycloaddition products6 and seven-

membered rings upon reaction with vinylchromium carbenes.’

Besides their straightforward preparation from carbonyl compounds and
secondary amines, enamines have been obtained via the Wittig-Horner
reaction,’ dehydrocyanation of a-aminonitriles,” addition of Grignard
reagents to dialkyl formamides,'® zirconium-assisted coupling of
butadiene with 11itriles,11 and reaction of lithium amide with
1-methoxybutadiene to give 1-aminobuta-1,3-dienes.'? Enamines also
result from zirconium-catalyzed hydroamination of alkynes,'> and vinyl
amines have been prepared from acetylene in the presence of ruthenium
catalysts.14 However, the most efficient methods involving terminal
alkynes are the intramolecular aminopalladation of acetylenic amines
followed by cross-coupling with aromatic halides,!”> and the
mercury(Il)-catalyzed amination of 3—en—1—ynes16 leading to 2-amino-
1,3-dienes via the regioselective Markovnikov addition of the amino
group to the triple bond.

We now report the two-step stereoselective synthesis of (E)-enamines
and dienamines from terminal alkynes, based on the regioselective
ruthenium-catalyzed anti-Markovnikov trans-addition of carboxylic
acids followed by reaction with secondary amines according to Scheme
1.
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The acylating properties of alk-1-en-2-yl esters I under neutral
conditions have been used for the formation of amides from amines,
esters from alcohols and amido derivatives from primary amides,
carbamates and ureas.!” On the other hand, very little is known about
the reactivity of alk-1-en-1-yl esters II, probably because of the lack of
straightforward preparation methods.
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Under experimental conditions related to those of our previous work on
ruthenium-catalyzed anti-Markovnikov trans-addition of carboxylic
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acids to terminal alkynes,l&19 in the presence of 1 mol% of

(1,4-bis(diphenylphosphino)butane)Ru(CH,=C(Me)-CH,),  catalyst,
the addition of 10 mmol of acetic acid to 10 mmol of phenylacetylene in
hexane at 45 °C for 4 h led to (Z)-B styryl acetate 1 in 90% yield, and
the reaction with 10 mmol of (Z)-4-methoxybut-3-en-1-yne at 65 °C for
20 h gave the (Z Z)-4-methoxybuta-1,3-dien-1-yl acetate 2 in 53%
yield.
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These alk-1-en-1-y] acetates react at room temperature with secondary
amines to give (E)-enamines and acetamides. In a typical example, 10
mmol of B-styryl acetate 1 and 21 mmol of secondary amine were
stirred at room temperature for 30 min in 10 ml of ethyl acetate. An
exothermic reaction took place and after elimination of the solvent and
the excess of amine, the amide and the enamine were successively
recovered by distillation under reduced pressure. The enamines 3-6
obtained by reaction of pyrrolidine, piperidine, morpholine and methyl
allyl amine with 1 were obtained in 83-90% isolated yields.20
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The formation of these enamines likely proceeds via acylation of the
amine by the enol ester to give the amide and the intermediate aldehyde
IIT which reacts with the amine to selectively afford the (E)-enamine
upon dehydration (Scheme 2). The transformation of phenylacetylene
into (E)-B-styrylpyrrolidine 3 is possible when the two steps are
successively performed in the same pot, without isolation of the
intermediate (Z)-styryl acetate 1. Thus, phenylacetylene and acetic acid
with 1 mol% of ruthenium catalyst were heated at 45 °C for 4 h in
hexane and then 2 equivalents of pyrrolidine were added and stirred at
25 °C for 1 h. The enamine 3 was isolated in 80% yield based on the
alkyne.

With less reactive secondary amines, such as diethylamine or
di-n-propylamine, the initial formation of the aldehyde I1I via acylation
of methanol catalyzed by KCN was required and the subsequent
addition of one equivalent of amine led to the (E)-enamine. Thus, when
10 mmol of B-styryl acetate 1 was treated in 10 ml of methanol in the
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presence of 10 mol% of KCN at room temperature for 10 min, and then
10 mmol of the dialkylamine were added, the enamines 7 and 8 were
formed within 4 h and isolated in 89 and 76% yield, respectively. It is
noteworthy that even in the presence of KCN as catalyst, but without
previous formation of the aldehyde in methanol, the reaction with
diethylamine in AcOEt was very slow as the complete conversion of the
enol ester 1 required 4 days at room temperature and the enamine 7 was
isolated in 78% yield.
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Scheme 3

It is noteworthy that enamides have been obtained from vinyl acetate
and amides as nucleophiles, but the reaction required the use of
NayPdCly as catalyst.?!

This reaction was extended to the functional 4-methoxybuta-1,3-dien-1-
yl acetate 2 for the preparation of aminodienes. Under typical
conditions, 2 equivalents of morpholine or allyl methyl amine reacted
with 2 at room temperature in ethyl acetate to give the (E,Z)-1-amino-
1,3-dienes 9 and 10 in 84 and 74% yield, respectively.?® This reaction
constitutes a complementary reaction to the Markovnikov amination of

alkynes catalyzed by Hg(II) derivatives.'®
QMe R oM
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10 R'=Me, R2= CH,CH=CH, (74%)

The regio- and stereoselective addition of acetic acid to terminal alkynes
makes possible the two-step synthesis of (E)-enamines and 1-amino-
1,3-dienes from terminal alkynes and enynes, and secondary amines via
alk-1-en-1-yl acetates. This reaction confirms the potential of alk-1-en-
1-yl esters as reactive protected aldehydes. It provides a new synthesis
of (E)-enamines and (E)-dienamines via a formal stereoselective
anti-Markovnikov addition of amines to terminal triple bonds.
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