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ABSTRACT

Ynamide−titanium alkoxide complexes underwent hydrolysis or addition to aldehydes and ketones to give single, stereodefined di- or trisubstituted
enamides in good yields. Alternatively, coupling of a variety of alkyne−titanium alkoxide complexes with terminal ynamides generated amino-
substituted titanacyclopentadienes, hydrolysis or aldehyde addition of which afforded stereodefined dienamides.

There are many dependable methods for the stereoselective
preparation of enol derivatives such as enol silyl ethers,
acetates, and ethers with various substitution patterns (Figure
1, A),1 which serve for the efficient construction of complex

molecular architecture typically via aldol reaction, Diels-
Alder reaction, transition metal-catalyzed coupling reaction,
and so on.1 However, stereoselective access to their nitrogen
analogues, that is, substituted enamine derivatives (Figure

1, B), has so far been much less explored,2 even though they
are versatile starting materials similar to the aforementioned
enol derivatives. Herein we report a convenient method for
preparing enamides and dienamides, a useful and easy-to-
handle class of enamine derivatives, via titanium(II)-mediated
regio- and stereoselective coupling of ynamides with car-
bonyl compounds or other acetylenes.
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(Sulfonylamino)acetylene1 (Bn ) benzyl), readily pre-
pared by a literature method,3 was treated with an economical
titanium(II) alkoxide reagent, Ti(O-i-Pr)4/2 i-PrMgCl (2),4

to generate ynamide-titanium complex3, the formation of
which was confirmed by hydrolysis and deuteriolysis to give
the corresponding (Z)-enamides4 and 4-d2 with high
deuterium content (Scheme 1). Actually, to the best of our

knowledge, this is the first example of the generation of an
(amino-substituted acetylene)-group 4 metal complex,5,6 and
the fact that it hydrolyzes itself enables the facile preparation
of (Z)-enamide4 with excellent isomeric purity.7 However,
a more important observation is that the coupling of3 with

a carbonyl compound proceeded in a highly regio- and
stereoselective manner to give a single, stereodefined trisub-
stituted enamide6,8,9 the structure of which was unambigu-
ously established by NOE experiments of1H NMR spec-
troscopy.10 In addition, deuteriolysis confirmed the presence
of the most likely intermediate, oxatitanacycle5, which may
enable further synthetic transformations based on the remain-
ing carbon-titanium bond.4,11

Other results are summarized in Table 1. Acetylene-
titanium complex9 was successfully generated from non-
silylated ynamide8 as well (even entries). Both silylated
and nonsilylated ynamide-titanium complexes3 and 9,
respectively, always reacted with a variety of aldehydes at
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Scheme 1. Preparation of Trisubstituted Enamide

Table 1. Preparation of Various Trisubstituted Enamides
According to Scheme 1

a Isolated yield. Isomeric products were not formed.
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the â-position to the amino group to give virtually single
trisubstituted enamides7, which are otherwise difficult to
obtain.8 Acetylene complex9 was found to react with a
ketone in the same way but at a higher reaction temperature
to give 10 as shown in eq 1.

Stereoselective construction of aminodienes is a critical
step in the preparation of nitrogen-functionalized cyclic
systems via a concerted process such as the Diels-Alder
reaction.12 Known acetylene-titanium complex11generated
from 5-decyne and24,13 was found to undergo regio- and
stereoselective coupling reaction with terminal ynamide12
at -50 °C to give single dienamide14 after hydrolytic
workup (Scheme 2).14,15 Its structure was verified by the

coupling constants and NOE study of1H NMR spectros-
copy.10 In place of the simple hydrolysis, deuteriolysis gave
bis-deuterated dienamide14-d2, confirming the presence of
titanacyclopentadiene13 as the intermediate.

Table 2 shows the generality of this reaction. With15 as
the first acetylene, dialkylacetylene (entries 1 and 2),

diphenylacetylene (entries 3 and 4), silylacetylene (entry 5),
and acetylenic esters (entries 6-9) and amides (entries 10-
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Scheme 2. Preparation of Dienamide

Table 2. Preparation of Various Dienamides According to
Scheme 2

a Unless otherwise stated, isomeric products were not observed. The
stereochemistry was unambiguously determined in several representative
entries (see ref 10).b Isolated yield.
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13) participated in the coupling reaction. On the other hand,
both (sulfonylamino)- and (benzoylamino)acetylenes12and

163 (Bz ) benzoyl) could be used as the second acetylene
to give a variety of dienamides17 in good to excellent yields.
Although alkyl- and phenylpropiolates in entries 6 and 7
unfortunately yielded a mixture of regioisomeric dienes, other
reactions afforded the products as a single regio- as well as
stereoisomer. In addition, the utility of intermediate titana-
cycles 13 and 18 was exemplified by further side-chain
extension through the regio- and stereoselective aldehyde
addition to furnish19 and20 or by iodinolysis of13 to give
diiodide 21 (Scheme 3).10

In conclusion, substituted enamide derivatives were con-
veniently prepared by the titanium(II)-mediated coupling
reactions of ynamides, where excellent regio- and stereose-
lectivities were newly disclosed. Further synthetic application
of the products obtained herein is now in progress.
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Scheme 3. Synthetic Utility of Titanacycles
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