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A silver-catalyzed domino reaction of simple anilines and alkynes generates 1,2-dihydroquinoline derivatives efficiently.

The partially hydrogenated quinoline moiety bearing different
functional groups is an important building block in various

activities® Since Povarov's pioneering work in the mid
1960s, Lewis acid catalysis toward tetrahydroquinoline

natural products. It has exhibited a broad range of biological derivatives has been extensively studiacery recently, we

activities and potential pharmaceutical applicatibigpical
biological reactivities of such compounds include psycho-
tropic? anti-allergenié anti-inflammatory? and estrogenic
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reported an indium trichloride catalyzed 2:1 coupling of
dihydropyran or dihydrofuran with aniline derivatives to
provide tetrahydroquinoline derivativé©n the other hand,
Skraup and BischlerNapieralski reactions have been com-
monly utilized in the synthesis of dihydroquinolines; these
involve the use of aniline and a ketone or an intramolecular
condensation of an aromatic amitle.

For the synthesis of dihydroquinoline derivatives, Taylor
and co-workers reported a Diels—Alder intramolecular
addition of 1,2,4-triazine%Arduini and co-workers reported
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a synthesis via a reaction between lithium anilides and ||| | AR

phenylacetylene with a stoichiometric amount of tin(IV) 1apie 1. Hydroamination of Unactivated Alkynes

chloride to yield 2,4-diphenyl-2-methyl-1,2-dihydroquino-
line;'® Rana developed the synthesis of dihydroquinolines
by the reaction of anilines with alkyl vinyl ketones in the
presence of indium trichloride under microwave irradiafibn.
Several examples of dihydroquinoline synthesis via transition
metal catalysis have also been reported very recently.

Nakagawa and co-workers described a method that used z

ruthenium-catalyzed ring-closing metathesis for synthesizing
substituted quinoline¥’; Ward and co-workers reported a
copper-catalyzed coupling of aniline with propargyl chloride
to generate 2,2-disubstitued-1,2-dihydroquinoline via an
interesting intramolecular hydroarylation of the alkyfe.
However, the substrate availability, cost, stoichiometric

amount of additives, and functional group tolerance are some

limitations of the current methods for dihydroquinoline
synthesis. Therefore, a simple and novel method for syn-
thesizing 1,2-dihydroquinoline, especially polysubstituted
ones, is highly desirable and has practical benefits.
Herein we wish to present the first example of a silver-

catalyzed regioselective domino reaction using simple anilines

and alkynes, which are easily available from commercial
vendors, to give synthetically useful polysubstituted 1,2-
dihydroquinoline derivatives efficiently. The study was based
on both the Lewis acidity and the transition metal character
of the silver catalyst. Furthermore, as a general objective
toward the goal of green chemistry and atom-economical

synthesis, the process has been carried out under solvent- 4

free conditiong?

As a preliminary study, we explored the hydroamination
of unactivated alkynes by anilines with a gold/silver catalyst
system. Amines were obtained in high yields via a gold- and
silver-catalyzed hydroamination of alkynes followed by
reduction (Scheme 1). The results of this sequential hydro-
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quently, we examined the catalytic activities of AQOTf alone
as the catalyst for this transformation. As we expected,
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effective than the Au-catalyzed one under the same reaction
condititons. To our surprise, when an excess amount of
alkyne was used, the reaction of phenylacetylene and aniline
generated productda and 5a in 50% and 20% yield,
respectively, at 140C under solo AgBFk-catalyst. Aliphatic
alkynes could only afforda-type product.

Scheme 2
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Interestingly, Au catalyst alone did not provide these
products. After subsequent optimization of the reaction
conditions (Supporting Information), compoursl was
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Table 2. Silver-Catalyzed Tandem Reaction of Alkynes and
Anilines?
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a All reactions were carried out by employing aniline (1.0 mmol), alkyne
(4.0 mmol), AgBR (0,05 mmol), HBE (0.07 mmol, 54% solution in diethyl
ether). and BEFEt0(0.08 mmol).? Stirred at 19C°C. © Stirred at 16C°C.
dlsolated yields.

obtained in good yield using the combined AgBiBF,
system. Various polysubstituted dihydroquinoline products
were obtained from alkynes and aniline via this reaction,
and the results are summarized in Table 2.

Good to excellent yields were obtained in almost all cases.

Scheme 3
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major product, which indicated a possible step involving the
addition of phenylacetylene to the ketimine intermediates.
As the corresponding propargylamine intermediates have not
been isolated or identified at the current stage, we could not
rule out the possibility of a 6e-electrocyclic process, which
will give a similar product. However, since only proddeD

was observed in the model study (in ScheB)ethe latter
6e-electrocyclic process seems unlikely. To gain further
insight into the reaction mechanism, 1,2-dihydro-2-methyl-
2,4-diphenylquinoline4a) reacted directly with phenylacety-

Scheme 4
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lene under the same conditions. Compobadvas isolated
in 62% vyield, which suggested a highly regioselective
hydroarylation step during the reaction procEs3n the basis
of these experimental results, we tentatively propose a
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In summary, we have developed a novel method to
generate polysubstituted 1,2-dihydroquinoline derivatives by
a one-pot domino process with high regioselectivity using a
silver catalyst. Hydroamination, alkyne addition, intramo-
lecular hydroarylation, and hydroarylation of a third molecule
of alkyne could be accomplished in a one-pot process with
100% atom economif. The scope, mechanism, and synthetic
applications of the reaction are currently under investigation.
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domino process with three different types of reactions to form perimental procedure and the characterization of all products.

the dihydroquinoline core, which include the formation o
ketimine, a ketimine addition to form a propargylamine
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intermediate, and an intramolecular hydroarylation. Then the OL050826B

dihydroquinoline intermediate undergoes a neighboring-

group-directed hydroarylation to give the final prodtfct.
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