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Abstract: A relay catalysis of a cationic zinc com-
plex and N,N-dimethylaniline hydrotrifluoromethyl
sulphonate induces a multiple C—C bond and C—N
bond formation. The one-step synthesis make
highly substituted bi- and tricyclic 1,2-dihydroquino-
line derivatives easily available from simple starting
materials. The high yielding process consists of sev-
eral simultaneous operating steps.
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Substituted hydroquinoline derivatives are important
structural units in various natural products and phar-
maceuticals.'! Many heterocycles containing such
units show biological activity and have potential ther-
apeutic uses such as antibacterial,”! anti-inflammato-
ry,”! inhibitors for lipid peroxidation, HMG-CoA re-
ductase,” and progesterone agonists® and antago-
nists.”!

Many synthesis of hydroquinolines starting with
aniline derivatives have been reported® such as
Brgnsted acid-catalyzed tandem reactions,”’ modified
Skraup reactions,'”’ Michael-aldol reactions,"!! meta-
thesis!'”” and tandem reactions of aromatic amines
with alkynes.!'¥

Hydroaminations of alkynes with aromatic amines
followed by metal-catalyzed formation of the hetero-
cycles have also been described. In 2005, Li and co-
workers reported a domino route using 5 mol%
AgBF, in diethyl ether at temperatures between
140°C and 190°C,' at the same time Yi and co-
workers used 5 mol% of a ruthenium complex com-
bining hydroamination and C—H bond activation in
benzene at 95°C.l""! Later Che et al. prepared 1,2-di-
hydroquinolines and quinolones by a tandem hydro-
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amination-hydroarylation with 5 mol% of an Au(I)-
NHC complex under microwave conditions at
150°C .8

Herein we present a new domino process using
a consecutive catalysis with 5 mol% of a Zn complex
(3) as a cheap metal together with 15 mol% of an ani-
linium salt (4) as proton source. Domino reactions are
highly attractive because several individual reactions
are coupled yielding a product in a single process.!"”
Another advantage of such cascade reactions in or-
ganic synthesis is often a high atom economy.® In
context of our work on Zn-catalyzed hydroamination,
we reported recently a new domino hydroamination—
alkyne addition reaction giving access to functional-
ized propargylic amines."”’ The regioselective hydro-
amination of an alkyne with a cationic Zn complex
led to an iminium salt followed by the Zn-catalyzed
addition of monosubstituted acetylenes. In continua-
tion of this work we observed in the case of aryla-
mines, like N-methylaniline, at elevated temperatures
as by-product the hydroquinoline derivative 6
(Scheme 1). The importance of such a type of hetero-
cycles motivated us to unertake further studies on this
reaction. A mixture of 1 with 2.5 equivalents of 1-
hexyne was heated in toluene together with 5 mol%
of a 1:1 mixture of precatalyst 3 and activator 4 for
24 h at 70°C yielding 99% of the expected propargylic
amine 5. The same reaction at 130°C gave under de-
composition as only product which could be isolated
by chromatography on silica gel the wanted 1,2-dihy-
droquinoline 6 in a yield of 28%. Similar results were
obtained by heating the isolated 5 with 5 mol% of the
1:1 mixture of Zn complex and activator at 130°C,
thus indicating § as a precursor for the formation of 6.
However, the pure thermal reaction of 5 led only to
decomposition, which demonstrates a catalytic reac-
tion. The C—C bond formation between the arene and
the triple bond could go via a direct metal-catalyzed
cyclization. A similar copper-promoted reaction has
been described.”” Another pathway is the aromatic
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Scheme 1.

aza-Claisen rearrangement followed by cyclization of
the resulting allene.”! The thermal rearrangement of
N-propargylanilines requires high temperatures which
led to decomposition of the products.’?! The Lewis
acid- or proton-catalyzed process is significantly
milder.”) Consequently we tested the influence of the
anilinium salt 4 on the reaction 5—6. We were
pleased to see a complete conversion after 6 h at
130°C yielding 98% of the wanted dihydroquinoline.
We supposed that the low yield formation of 6 during
the first attempt was caused by a small excess of the
activator 4. Thus heating N-methylaniline and
2.5 equivalents of 1-hexyne with 5 mol% Zn complex
and 15 mol% 4 at 130°C gave a clean formation of
the wanted 1,2-dihydroquinoline with an excellent
yield of 97%.

With these conditions in hand we tested the scope
of this method. We synthesized first a series of substi-
tuted 1,2-dihydroquinolines starting from N-methyl-
or N-allylaniline. The results are presented in Table 1.
Besides 1-hexyne we used also 1-pentyne and 1-hept-
yne giving similar yields (7 and 8). Not surprisingly
olefins are also tolerated (see 9). Due to the weak
Brgnsted acid 4 the method tolerates the trityl-pro-
tected 4-pentynol, yielding 10 with an excellent over-
all yield of 92%. In this case the isolation of the prod-
uct by chromatography on silica failed due to the la-
bility of the trityl groups under such slightly acidic
conditions. Using neutral alumina we could purify 10
without problems. We used also arylacetylenes. The
simple phenyl-substituted case gave only moderate
yields whereas the donor-substituted arenes yields
86% and 88% (see 11-13). We tested also N-allylani-
line. This substrate would give an N,N-allyl-propargyl-
aniline as an intermediate which could undergo two
different N-aryl-Claisen rearrangements. The sole
product which could be isolated with 64% yield was
again a quinoline derivative 14, indicating the propar-
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gylic rearrangement at least as the predominant path-
way. A by-product resulting from an allyl rearrange-
ment could not be found, but such a reaction cannot
be excluded, in particular in view of the different
yields of 14 and 6.

In order to extend the methodology also for the
synthesis of tricyclic 1,2-dihydroquinoline derivatives
we tested 2,3-dihydroindole and 1,2,3,4-tetrahydroqui-
noline. The results are presented in Table 2. The reac-
tivity of the tetrahydroquinoline is comparable with
that of N-methylaniline. The overall yields using
alkyl- and aryl-substituted acetylenes are mostly ex-
cellent. Phenylacetylene gave a moderate yield of 17,
like in the case of 11, whereas methyl- or methoxy-
substituted phenylacetylenes worked much better. Di-
hydroindole is also a suitable substrate. The yields for
the fused heterocycles 21-23 are in the range 53-
61%. This means an average of 85-88% for each step
of the domino process consisting of hydroamination,
alkyne addition, rearrangement and cyclization.

Our hypothesis for the mechanism is summarized
in Scheme 2. The reaction of the Zn complex 3 with
the anilinium salt 4 gives the catalytically active cat-
ionic Zn species, which leads via Markovnikov hydro-
amination, protonation of the enamine, addition of
the Zn acetylide and protonation to the propargylic
ammonium salt C. This should undergo a proton-cata-
lyzed 3,3-sigmatropic rearrangement. The resulting
allene D can be trapped by protonation to an allyl
cation which cyclizes to the final product F. A direct
proton-catalyzed cyclization of this type of propargyl-
ic amines seems less likely to us, because such a syn-
thesis of a 2,2-disubstituted 1,2-dihydroquinolines has
to the best of our knowledge not been described.
However, a clear proof of our proposal was not possi-
ble, since we could not obtain our propargylic amines
with a quaternary carbon in an enantioenriched form.
The yields of the sequence C—F are remarkable,
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Table 1. Synthesis of bicyclic 1,2-dihydroquinoline deriva-

tives.
H
©/N‘R + 2 w
R

5 mol% 3
15 mol% 4
toluene
130°C,24 h

R = Me, allyl
R' = aryl, alkyl
CaHs E 3\/ :c4Hg
(97%)
CsHy4 l CsH11
(98%
3
10
(92%)
N
MeO 12 OMe
(86%)

Cy4Hg

(64%)

since many described propargylic aromatic N-Claisen
rearrangements proceed less efficiently. Our studies
clearly indicated the importance of the suitable
proton source. The use of the catalyst 4 is not only
crucial for the activation of the Zn catalyst, but also
for the last proton-catalyzed steps. The reaction of
propargylic amines with stronger acids like HCI gave
no quinoline derivatives. Instead we observed elimi-
nation of the aniline substituent. A weak acid like
BINOL-derived phosphoric acid, (R)-3,3’-bis(9-an-
thracenyl)-1,1"-binaphthyl-2,2"-diyl hydrogen phos-
phate also works, but it cannot be used in combina-
tion with 3.
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Table 2. Synthesis of tricyclic 1,2-dihydroquinoline deriva-

tives.
5 mol% 3 )
I I 15 mol% 4 n
+ 2 ‘ foluene > N
H 130°C, 24 h ~ Me
R R

N N
Me pho I kM,
C4Hs CaHg
21 22
(59%) (60%)
N
S Me
Ph Ph
23
(53%)
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In summary, we have developed an efficient consec-
utive process with two different catalysts working co-
existent under the same reaction conditions, allowing
a short synthesis of bi- and tricyclic substituted quino-
line derivatives from simple starting materials.

Experimental Section
Typical Procedure for the Synthesis of 1,2-
Dihydroquinoline Derivatives

Reactions were typically performed in reaction vials and
prepared in an inert atmosphere. The precatalyst 3
(2490 mg,  0.05 mmol) and  the  cocatalyst 4
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Scheme 2. Proposed mechanism.

[PhNMe,H] [OTf] (40.20 mg, 0.15 mmol) were dissolved in
toluene (2mL). The substrate N-methylaniline (107 mg,
1 mmol) and n-hexyne (246.42 mg, 3 mmol) were added in
the mixture. Subsequently, the mixture was injected into the
reaction vial. The reaction mixture was then heated in an oil
bath at 130°C for 24 h. The reaction mixture was then
cooled to room temperature and solvent was removed by
evaporation. The crude mixture was purified by column
chromatography with cyclohexane-DCM on silica giving 6;
yield: 97%.

Procedures and analytical data for all compounds are
given in the Supporting Information.
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