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of natural
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bioactive
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[1,2]
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can
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products and synthetic bioactive molecules [1,2] and can be considered as one of theofmost
most
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simple
heterocycles.
Some
important
tetrahydroquinolines
are
summarized
relevant simple heterocycles. Some important tetrahydroquinolines are summarized in
in
Figure
1, including
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angustureine,
virantmycin
aspoquinolone
A,
Figure
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andand
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agent
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andthe
theinsecticidal,
insecticidal,herbicidal
herbicidal and
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cholesterol-lowering
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and
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aspernigerin (Figure
(Figure 1).
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of tetrahydroquinolines
tetrahydroquinolines has
great deal
deal of
of research
research into
into
their
synthesis.
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many
known
approaches
to
this
framework
[1–3],
the
Potheir synthesis. Among the many known approaches to this framework [1–3], the Povarov
varov
reaction,
i.e.,
the
acid-catalyzed
formal
inverse
electron
demand
[4+2]
cycloaddireaction, i.e., the acid-catalyzed formal inverse electron demand [4+2] cycloaddition of
tion
of electron-rich
olefins
with N-arylimines,
arising
from arylamines
and aldehydes
electron-rich
olefins with
N-arylimines,
arising from
arylamines
and aldehydes
(Scheme
(Scheme 1a), stands out as one of the most studied methods [4,5]. Vinylogous Povarov
reactions are also known, and have the advantage of generating tetrahydroquinolines with
an olefin substituent either at C-4 (Type I, Scheme 1b) or C-2 (Type II, Scheme 1c). We have
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Materials and
and Methods
Methods
General
experimental
reagents
(Sigma-Aldrich,
Madrid,
Spain;
FisGeneral experimentalinformation.
information.All
All
reagents
(Sigma-Aldrich,
Madrid,
Spain;
cher
Chemical,
Madrid,
Spain;
Alpha
Aesar,
Kändel,
Germany)
and
solvents
(Scharlau,
Fischer Chemical, Madrid, Spain; Alpha Aesar, Kändel, Germany) and solvents (Scharlau,
Barcelona,
Barcelona,Spain;
Spain;Fischer
FischerChemical,
Chemical,Madrid,
Madrid,Spain)
Spain)were
wereof
ofcommercial
commercialquality
qualityand
andwere
were
used
as
received.
Reactions
were
monitored
by
thin
layer
chromatography
on
aluminum
used as received. Reactions were monitored by thin layer chromatography on aluminum
plates
plates coated
coated with
with silica
silicagel
geland
andfluorescent
fluorescentindicator
indicator(Merck,
(Merck,Madrid,
Madrid,Spain).
Spain).Infrared
Infrared
spectra
were
recorded
with
an
Agilent
Cary630
FTIR
spectrophotometer
(Madrid,
spectra were recorded with an Agilent Cary630 FTIR spectrophotometer (Madrid, Spain)
Spain)
working
with
a diamond
accessory
forfor
solid
andand
liquid
workingby
byattenuated
attenuatedtotal
totalreflection
reflection(ATR),
(ATR),
with
a diamond
accessory
solid
liqsamples.
NMR
spectroscopic
data
were
recorded
using
a
Bruker
Avance
250
spectrometer
uid samples. NMR spectroscopic data were recorded using a Bruker Avance 250 spec(Bruker, Rivas-Vaciamadrid, Spain) operating at 250 MHz for 1 H-NMR and 163 MHz for 13 Ctrometer (Bruker, Rivas-Vaciamadrid, Spain) operating at 250 MHz for H-NMR and 63
NMR maintained
by the NMR facility of Universidad Complutense (CAI de Resonancia
MHz for 13C-NMR maintained by the NMR facility of Universidad Complutense (CAI de
Magnética Nuclear, Madrid, Spain); chemical shifts are given in ppm and coupling conResonancia Magnética Nuclear, Madrid, Spain); chemical shifts are given in ppm and coustants in Hertz. 1 H- and 13 C-NMR assignments were supported by 2D-NMR experiments
and were aided by simulations performed with MestreNova and ChemDraw Pro. Copies
of spectra and 2D-NMR experiments are provided in the Supporting Information. Time-
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of-flight mass spectrometric measurements were performed using a MALDI- TOF/TOF
Bruker ULTRAFLEX (mass range: 300–150,000 u) at the CAI of Espectrometría de Masas,
Universidad Complutense.
(E)-4-methoxy-N-((E)-3-phenylallylidene)aniline (3). A solution of p-anisidine (1 mmol,
123 mg) and cinnamaldehyde (1 eq, 148 mg) in CH2 Cl2 (5 mL) was stirred vigorously in the
presence of anhydrous Na2 SO4 (5 g) for 30 min and then the reaction mixture was filtered
and the solvent evaporated under vacuum to afford 3 as a brown foam in quantitative
yield. The crude was used in the following reaction without further purification. IR (neat):
2955.4 (C-H), 1626.0 (C=N), 1601.3 (C=C), 1498.8 (Csp2 -Csp2 ), 1242.3 (Csp2 -O) cm−1 . 1 H
NMR (250 MHz, CDCl3 ) δ: 8.31 (dd, J = 5.9, 2.4 Hz, 1H), 7.62–7.52 (m, 2H), 7.47–7.32 (m,
3H), 7.32–7.21 (m, 2H), 7.20–7.11 (m, 2H), 7.01–6.91 (m, 2H), 3.84 (s, 3H) ppm. 13 C{1 H}
NMR (63 MHz, CDCl3 ) δ: 159.8, 158.7, 144.8, 143.4, 136.1, 129.7, 129.2, 129.1, 127.7, 122.6,
114.7, 55.8.
(±)-(2S*,4S*)-4-((E)-(2,2-dimethylhydrazono)methyl)-6-methoxy-4-methyl-2-((E)styryl)-1,2,3,4-tetrahydroquinoline (5). To a stirred solution of compound 3 (1.0 mmol,
237 mg) and InCl3 (0.1 mmol, 22 mg) in acetonitrile (20 mL) was added dropwise
methacrolein dimethylhydrazone (1.1 mmol, 123 mg). Stirring at room temperature was
continued until completion of the reaction, as indicated by TLC (Rf 0.29, eluting with 8:2
hexane/ethyl acetate), and the mixture was then diluted with water (10 mL), extracted
with CH2 Cl2 (4 × 10 mL), dried with anhydrous Na2 SO4 and evaporated under reduced
pressure. The resulting crude was purified by silica gel column chromatography using hexane/ethyl acetate (92.5:7.5) as the mobile phase to obtain 140 mg (40%) of compound 5 as a
yellow oil. IR (neat): 3369.8 (N-H), 2951.1 (C-H), 2826.0 (C-H), 1600.2 (C=N), 1501.6 (C=C),
1235.3 (Csp2 -O) cm−1 . 1 H NMR (250 MHz, CDCl3 ) δ: 7.45–7.27 (m, 5H, Ph), 6.74–6.64 (m,
4H, H-5, H-7, CH=N, H-β), 6.57 (d, J = 9.1 Hz, 1H, H-8), 6.27 (dd, J = 15.8, 7.3 Hz, 1H, H-α),
4.19–4.08 (m, 1H, H-2), 3.76 (s, 3H, OCH3 ), 2.79 (s, 6H, N(CH3 )2 ), 2.05–1.90 (m, 1H, H-3ax ),
1.82 (dd, J = 13.1, 2.9 Hz, 1H, H-3eq ), 1.56 (s, 3H, C4 -CH3 ) ppm; NH is absent. 13 C{1 H}
NMR (63 MHz, CDCl3 ) δ: 152.6 (Cq , C-6), 145.3 (CH=N), 138.2 (Cq , C-8a), 137.2 (Cq , C-1’),
132.4 (C-α), 131.0 (C-β), 129.1 (C-3’, C-5’), 128.7 (Cq , C-4a), 128.1 (C-4’), 126.8 (C-2’, C-6’),
116.1 (C-8), 114.7 (C-7), 113.9 (C-5), 56.3 (OCH3 ), 51.6 (C-2), 43.9 (N(CH3 )2 ), 41.9 (C-3), 41.0
(Cq , C-4), 28.5 (C4 -CH3 ) ppm. HRMS (MALDI-TOF): calculated for C22 H27 N3 O, 349.2154.
Found, 349.2161.
4. Conclusions
We describe the first example of a doubly vinylogous Povarov reaction involving an
α,β-unsaturated aromatic imine as diene and an α,β-unsaturated dimethylhydrazone as
the dienophile. This reaction proceeded with complete diastereoselectivity and afforded
a 1,2,3,4-tetrahydroquinoline derivative bearing a C-4 quaternary stereocenter and cisarranged functional groups at C-4 (dimethylhydrazono) and C-2 (styryl).
Supplementary Materials: The following are available online. Copies of spectra of compounds 3
and 5.
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