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A versatile strategy is described for the synthesis of new 2-amino-1,4-dihydroquinolines. It involved
a Knoevenagel condensation of N-protected-2-amino-5-bromobenzaldehyde with ethylcyanoacetate,
followed by a cyclization and protection of the NH group to afford the key intermediates 7 or 19. Then
various 1,4 addition reactions have been performed to introduce substituents on the upper part of the
2-amino-1,4-dihydroquinolines.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The 2-amino-4H-chromenes belong to an important, and well
studied, group of heterocyclic compounds.1 During the last decade,
molecules with this skeleton have demonstrated potent biological
activity in various areas of medicinal chemistry. In particular, sev-
eral derivatives such as HA 14-1 and MX58151, which are known to
have proapoptotic activity, are under development as anti-cancer
agents (Fig. 1).2,3
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action of a malonic derivative with substituted salicylaldehydes.
The molecular diversity around the skeleton was extensively
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studied either by modification of the malonic type derivative, or by
introduction of halogen, aryl, or amino groups in the aromatic
aldehyde part.1–4

As a part of our programme on new anti-cancer agents active
through an apoptosis inducing mechanism,5,6 we became in-
terested in the ‘aza-analogues’ of these 2-amino-4H-chromenes, i.e,
the corresponding 2-amino-1,4-dihydroquinolines (Fig. 1).

The synthesis of 1,4-dihydroquinolines has been rarely de-
scribed in the literature.7 Several 2-methyl-1,4-dihydroquinolines
have been obtained by regioselective reduction of quinolinium salts
with sodium dithionite in the presence of sodium carbonate. These
1,4-dihydroquinolines are inhibitors of acetylcholine esterase and
therefore active against neurodegenerative diseases.8 The same
methodology was used for the synthesis of 1,2,4-trimethyl-1,4-
dihydroquinolines.9 Finally, a synthesis of N-substituted 1,4-dihy-
droquinolines, with an hydrogen on position 2, has been developed
starting from Baylis–Hillman adducts.10

To the best of our knowledge, 2-amino-1,4-dihydroquinolines
have not been reported until now in the literature. Our strategy to
access such molecules was designed by analogy with the prepara-
tion of the corresponding 4H-chromenes.4,6 Our first target mole-
cules (type A) have been selected for Structure–Activity
Relationships in comparison with HA 14-1 derivatives, and there-
fore, we have kept the bromo substituent in para position to the
aromatic amine. These 1,4-dihydroquinolines could be obtained by
Michael addition reactions on the key imine (B), which should be
obtained by a Knoevenagel condensation between ethyl-
cyanoacetate and the aldehyde (C). This latter derivative could be
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prepared from anilino ester 1. In this strategy the amine function
must be protected with an appropriate R1 group. It has been
established earlier that, in the case of the primary amines obtained
for instance by reduction of a nitro group, the Knoevenagel con-
densation was followed by heterocyclization and aromatization
affording 2-aminoquinolines.11
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2. Results and discussion

The reaction of the commercially available methyl-2-amino-5-
bromobenzoate 1 with benzoyl chloride and sodium bicarbonate in
CH2Cl2 at 0 �C afforded 2 in 88% yield (Schemes 1 and 2). This amido
ester 2 was reduced by excess lithium aluminium hydride in THF at
�10 �C to give, in 85% yield, the desired amino alcohol 3 which, on
further oxidation by 2-iodoxybenzoic acid (IBX) in a mixture of
CH2Cl2/DMSO, afforded the desired aldehyde intermediate 4 in 82%
yield.12 The next step of the synthesis was the Knoevenagel con-
densation involving reaction of the aldehyde 4 with ethyl-
cyanoacetate (1.1 equiv) and piperidine in ethanol. Under these
conditions the imine intermediate 6 was isolated in 86% yield. This
condensation gave only heterocylization on the nitrile group, in the
same way as for HA 14-1 and most of the analogues.13
10: R=H (26%)
10b: R=C6H5 (48%)

Scheme 3. Addition of vinyl cuprate on intermediate 7, followed by cross coupling
metathesis reactions.
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Scheme 1. Retrosynthetic analysis for the preparation of our target 1,4-dihydro-
quinolines.
Acetylation of the imine function was performed to give the
desired intermediate 7 in 95% yield. This protection should not only
stabilize imine 6 but also increase its reactivity towards the pro-
grammed Michael additions.
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Scheme 2. Synthesis of the key intermediate 7.
The access to the key intermediate 7 should allow us to syn-
thesize a large variety of novel 2-amino-1,4-dihydroquinolines with
a molecular diversity in the upper position by 1,4 additions of nu-
cleophilic substrates. As a first example, the reaction with vinyl-
magnesiumbromide and copper iodide in THF at 0 �C gave the
desired adduct 8 in 53% yield (Scheme 3). The structure of this
compound was established by NMR and unambiguously confirmed
by X-ray analysis (Fig. 2).14
Figure 2. X-ray crystal structure of 1,4-dihydroquinoline 8.
Then, cross coupling metathesis reactions of 8 with ethylacrylate
or styrene in CH2Cl2 and in the presence of second generation
Grubbs catalyst15 at 5 mol %, gave the desired products 9a and 9b
with 37% and 53% yields, respectively. The yield of 9a could be in-
creased to 74%, when taking into account the recovery of starting
material. The amine function of 8 and 9b were deprotected by re-
action with hydrazine monohydrate to give the desired 2-amino-1,4-
dihydroquinolines 10 and 10b with 26% and 48% yields, respectively.

In the same way, the reaction of 7 with phenyllithium and
copper iodide in THF at 0 �C gave the desired adduct 11 in 42% yield.
Deprotection with hydrazine afforded the targeted amine 12
(Scheme 4).
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Scheme 4. Addition of phenyl cuprate on intermediate 7.
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Another series of new 2-amino-1,4-dihydroquinolines was
obtained from 7 by addition of nitromethane in the presence of
tetramethylguanidine to give the adduct 13 in 95% yield. The nitro
group could be reduced by hydrogen with Raney Nickel, affording
the desired amine 14 in 74% yield (Scheme 5).
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Scheme 5. Addition of nitromethane anion on intermediate 7.
The anions of ethylcyanoacetate, diethylmalonate or malononi-
trile did not react in EtOH with piperidine with our intermediate 7,
affording only recovery of starting materials and/or decomposition
products (Scheme 6). This unexpected result shows that 7 has
a lower reactivity than its oxygen counterpart, the benzopyran-2-
imine used for the synthesis of HA 14-1 and analogues.6
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Scheme 7. Synthesis and reaction of benzoyl protected intermediate 19.
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Scheme 6. Tentative additions of malonic derivatives on intermediate 7.
These series of novel 2-amino-1,4-dihydroquinolines were
obtained with the benzyl group to protect the intracyclic nitrogen.
In order to extend this synthesis, we changed this protecting group
with a benzoyl substituent, as shown in Scheme 7. Starting from the
previous intermediate 2, the reaction with lithium aluminium hy-
dride (1.0 equiv) reduced selectively the ester function to give the
amido alcohol 16 in 98% yield. The oxidation of 16 by IBX afforded
the aldehyde 17 in 89% yield. The heterocyclization was accom-
plished after the Knoevenagel condensation with ethyl-
cyanoacetate in ethanol at 60 �C to give the imine 18 in 95% yield.

This compound was again activated by acetylation of the
imine function with acetic anhydride and pyridine to afford the
key intermediate 19 in 72% yield. This derivative appears to be
less reactive than 7 as a Michael acceptor. However, the reaction
of 19 with phenyllithium and copper iodide in THF at 0 �C oc-
curred with concommittent deprotection of the amine, affording
the target molecule 20 in 30% yield. The structure of this com-
pound was established by spectral and analytical data. In par-
ticular, the 1H NMR spectrum of 20 indicated two different
chemical shifts at 13.29 ppm and 11.04 ppm for the protons of
the amine, due to the presence of two intramolecular hydrogen
bonds (Scheme 7).

3. Conclusions

We have synthesized the first series of novel 2-amino-1,4-
dihydroquinolines in six to seven steps from commercial methyl-
2-amino-5-bromobenzoate. The key intermediate 7, obtained in
five steps and 50% yield, allowed us to introduce various sub-
stituents in the upper position of the skeleton. Furthermore, it
was also possible to modulate the protective group on the
intracyclic nitrogen. Exploration of the reactivity of these Mi-
chael acceptors 7 and 19 as well as extension of these syntheses
is under active study in our group. The biological activity of these
new 2-amino-1,4-dihydroquinolines is under evaluation and
particularly their interaction with the anti apoptotic family of
proteins such as Bcl-2 or BcL-xL. Results of these studies will be
reported in due course.

4. Experimental section

4.1. General

4.1.1. Methyl 2-benzamido-5-bromobenzoate (2)12. To a mixture of
methyl-2-amino-5-bromobenzoate (1 g, 4.35 mmol, 1.0 equiv),
NaHCO3 (0.73 g, 8.70 mmol, 2.0 equiv) and anhydrous CH2Cl2
(8 mL), benzoyl chloride (0.56 mL, 4.80 mmol, 1.1 equiv) was added
dropwise at 0 �C. The solution was stirred under argon at room
temperature for 5 h. After adding water, the mixture was extracted
with CH2Cl2. The combined CH2Cl2 fractions were washed with
water, brine, dried over MgSO4, and concentrated under vacuum.
The ester (2) was obtained after purification of the crude solid by
washing with diethyl ether (1.15 g, yield 88%); mp 130–132 �C. 1H
NMR d ppm (CDCl3, 300 MHz): 3.97 (s, 3H), 7.45–7.60 (m, 3H), 7.68
(dd, J¼2.4, 9.0 Hz, 1H), 8.00–8.10 (m, 2H), 8.19 (d, J¼2.4 Hz, 1H), 8.87
(d, J¼9.0 Hz, 1H), 11.95 (br s, 1H). 13C NMR d ppm (CDCl3, 75 MHz):
52.8, 115.0, 116.6, 122.1, 127.4 (2Car), 128.9 (2Car), 132.2, 133.5, 134.5,
137.5, 140.9, 165.6, 167.9. EI-HRMS: calcd for [C15H12BrNO3]þ:
333.0000, found: 332.9982.

4.1.2. (2-(benzylamino)-5-bromophenyl)methanol (3)12. To a sus-
pension of LiAlH4 (3,13 g, 83 mmol, 5.5 equiv) in anhydrous THF
(90 mL) at �10 �C was added a solution of compound (2) (5 g,
15 mmol, 1.0 equiv) in anhydrous THF (40 mL) at �10 �C. The so-
lution was stirred under argon at room temperature for 12 h. The
mixture was quenched successively with a 2 M NaOH aqueous so-
lution (4 mL) and water (4 mL). The mixture was dried over MgSO4,
filtered and concentrated under vacuum. The alcohol (3) was
obtained as a colourless oil (3.7 g, yield 85%) after purification by
flash column chromatography on silica gel (P/ EA: 8/2). 1H NMR
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d ppm (CDCl3, 300 MHz): 4.36 (s, 2H), 4.62 (s, 2H), 6.51 (d, J¼8.4 Hz,
1H), 7.15–7.40 (m, 7H). 13C NMR d ppm (CDCl3, 75 MHz): 47.7, 64.1,
108.3, 112.7, 126.3, 127.3 (3Car), 128.7 (2Car), 131.4, 132.0, 138.8,
146.3.

4.1.3. 2-(Benzylamino)-5-bromobenzaldehyde (4). To a mixture of
IBX (10.6 g, 38.0 mmol, 3.0 equiv), DMSO (55 mL) and CH2Cl2
(40 mL), a solution of compound (3) (3.7 g, 12.7 mmol, 1.0 equiv) in
CH2Cl2 (40 mL) was added dropwise. The solution was stirred un-
der argon at reflux for 1 h. The reaction was quenched with water
(20 mL) at 0 �C and the residue of IBX was filtered on a pad of Celite.
The mixture was extracted with CH2Cl2 and the organic layers were
washed three times with water, brine, dried over MgSO4, and
concentrated under vacuum. The aldehyde (4) was obtained as
a yellow solid (3.0 g, yield 82%) after purification by flash column
chromatography on silica gel (P/EA): (9/1); mp 72–74 �C. 1H NMR
d ppm (CDCl3, 300 MHz): 4.47 (s, 2H), 6.55 (d, J¼9.0 Hz, 1H), 7.25–
7.45 (m, 6H), 7.59 (d, J¼2.4 Hz, 1H), 8.75 (br s, 1H), 9.79 (s, 1H). 13C
NMR d ppm (CDCl3, 75 MHz): 46.7, 106.3, 113.9, 119.9, 126.9 (2Car),
127.5, 128.8 (2Car), 137.7, 138.2, 138.5, 149.3, 192.9. EI-HRMS: calcd
for [C14H12BrNO]þ: 289.0102, found: 289.0086.

4.1.4. Ethyl 1-benzyl-6-bromo-2-imino-1,2-dihydroquinoline-3-carb-
oxylate (6). A mixture of aldehyde (4) (3 g, 10.3 mmol, 1.0 equiv),
molecular sieves 4 Å (3 g), absolute ethanol (55 mL), ethyl-
cyanoacetate (1.22 mL, 11.4 mmol, 1.1 equiv) and piperidine in cat-
alytic amount was stirred under argon at room temperature for
12 h. The solution was diluted with CH2Cl2 and molecular sieves
were filtered on a pad of Celite. The mixture was concentrated
under vacuum and the intermediate (6) was obtained as a yellow
solid (3.8 g, yield 86%) after purification by washing with a mixture
of pentane and diethyl ether (P/E: 6/4); mp 206–208 �C. 1H NMR
d ppm (CDCl3, 300 MHz,): 1.44 (t, J¼7.1 Hz, 3H), 4.41 (q, J¼7.1 Hz,
2H), 5.58 (br s, 2H), 6.86 (d, J¼9.0 Hz, 1H), 7.20–7.40 (m, 5H), 7.45
(dd, J¼2.3, 9.0 Hz, 1H), 7.58 (d, J¼2.3 Hz, 1H), 8.15 (s, 1H), 9.17 (br s,
1H). 13C NMR d ppm (CDCl3, 75 MHz): 14.3, 47.0, 61.6, 113.0, 115.9,
119.0, 119.9, 126.3 (2Car), 127.1, 128.9 (2Car), 132.2, 135.9, 136.1, 139.9,
141.4, 155.4, 165.1. EI-HRMS: calcd for [C17H12BrN2O2 (M-C2H5)]þ:
355.0082, found: 355.0083.

4.1.5. (E)-ethyl 2-(acetylimino)-1-benzyl-6-bromo-1,2-dihydroquino-
line-3-carboxylate (7). A mixture of compound (6) (2 g, 5.2 mmol,
1.0 equiv), acetic anhydride (40 mL), acetic acid (3 mL) and 4 Å mo-
lecular sieves (0.5 g) was stirred under argon and heated at 40 �C for
12 h. The solution was diluted with CH2Cl2 and molecular sieves were
filtered on a pad of Celite. The mixture was concentrated under vac-
uum and coevaporated with toluene to give (7) as a yellow solid (2.1 g,
yield 95%); mp 144–146 �C. 1H NMR d ppm (CDCl3, 300 MHz): 1.43 (t,
J¼7.1 Hz, 3H), 2.24 (s, 3H), 4.39 (q, J¼7.1 Hz, 2H), 5.70 (br s, 2H), 7.00–
7.10 (m, 6H), 7.52 (dd, J¼2.2, 9.1 Hz,1H), 7.71 (d, J¼2.2 Hz,1H), 8.04 (s,
1H).13C NMR d ppm (CDCl3, 75 MHz): 14.2, 26.8, 47.0, 62.0,116.0,117.5,
121.6, 123.8, 126.5 (2Car), 127.6, 129.0 (2Car), 131.9, 135.2, 135.6, 138.7,
140.1, 150.9, 165.2, 181.9. Anal. Calc for C21H19BrN2O3: C, 59.03; H,
4.48; N, 6.56. Found: C, 58.68; H, 4.43; N, 6.37. EI-HRMS: calcd for
[C21H19BrN2O3]þ: 426.0579, found: 426.0561.

4.1.6. Ethyl 2-acetamido-1-benzyl-6-bromo-4-vinyl-1,4-dihydroquino-
line-3-carboxylate (8). To a suspension of copper iodide (95 mg,
0.5 mmol, 1.1 equiv) in anhydrous THF (1.5 mL), vinyl-
magnesiumbromide (1.0 M in THF, 1.1 mL, 1.1 mmol, 2.2 equiv) was
added dropwise under argon at 0 �C. The mixture was stirred 30 min
at 0 �C. The compound (7) (210 mg, 0.5 mmol,1.0 equiv) in anhydrous
THF (1.5 mL) solution was added to the mixture at �30 �C. The so-
lution was warmed to room temperature and stirred for 2 h. The
black mixture was quenched with a NH4Cl saturated aqueous solu-
tion and extracted with AcOEt. The organic layers were washed with
water, brine, dried over MgSO4 and concentrated under vacuum.
Compound (8) was obtained as a white solid (120 mg, yield 53%) after
purification by flash column chromatography on silica gel (P/EA: 9/1);
mp 134–136 �C. 1H NMR d ppm (CDCl3, 500 MHz): 1.35 (t, J¼7.1 Hz,
3H), 2.24 (s, 3H), 4.15–4.35 (m, 2H), 4.67 (d, J¼5.5 Hz, 1H), 4.74 (m,
1H), 4.84 (d, J¼16.2 Hz, 1H), 4.99 (m, 1H), 5.07 (d, J¼16.2 Hz, 1H), 5.76
(m, 1H), 6.88 (d, J¼8.8 Hz, 1H), 7.10–7.40 (m, 7H), 10.15 (s, 1H). 13C
NMR d ppm (CDCl3, 125 MHz): 14.5, 24.7, 40.8, 50.2, 60.2, 89.5, 113.8,
116.4, 118.4 127.5, 127.6 (2Car), 128.5 (2Car), 129.3, 129.9, 131.4, 136.8,
137.4, 140.0, 147.1, 168.7, 170.7. ES-HRMS: calcd for
[C23H23

79BrN2O3þNa]þ: 477.0790, found: 477.0793.

4.1.7. (E)-Ethyl 2-(acetamido)-1-benzyl-6-bromo-4-(3-ethoxy-3-
oxoprop-1-enyl)-1,4-dihydroquinoline-3-carboxylate (9a). A mix-
ture of compound (8) (320 mg, 0.71 mmol, 1.0 equiv), anhydrous
CH2Cl2 (5 mL), ethylacrylate (0.76 mL, 7.14 mmol, 10.0 equiv) and
second generation Grubbs catalyst (30 mg, 0.035 mmol, 0.05 equiv)
was stirred under argon at reflux for 48 h. The solution was con-
centrated under vacuum and ester (9a) was obtained as a brown
solid (140 mg, yield 37%) after purification by flash column chro-
matography on silica gel (P/EA: 9/1). During this process 150 mg of
starting material were also recovered. For (9a): 1H NMR d ppm
(CDCl3, 500 MHz): 1.20–1.40 (m, 6H), 2.24 (s, 3H), 4.10–4.30 (m,
4H), 4.75–4.90 (m, 2H), 4.99–5.05 (m, 1H), 5.33 (dd, J¼1.4, 15.6 Hz,
1H), 6.80 (dd, J¼5.5, 15.6 Hz, 1H), 6.92 (d, J¼8.4 Hz, 1H), 7.10–7.35
(m, 7H), 10.13 (s, 1H). 13C NMR d ppm (CDCl3, 125.77 MHz): 14.3,
14.4, 24.7, 39.5, 50.4, 60.4, 60.5, 87.8, 116.8, 118.7, 120.6, 127.7 (3Car),
128.1, 128.6 (2Car), 130.3, 131.4, 136.5, 137.5, 147.47, 148.8, 166.6,
168.1, 170.6. ES-HRMS: calcd for [C26H27

79BrN2O2þNa]þ: 549.1001,
found: 549.1001.

4.1.8. (E)-Ethyl 2-acetamido-1-benzyl-6-bromo-4-styryl-1,4-dihy-
droquinoline-3-carboxylate (9b). A mixture of compound (8)
(0.36 g, 0.79 mmol, 1.0 equiv), anhydrous CH2Cl2 (5.5 mL), styrene
(0.91 mL, 7.90 mmol, 10.0 equiv) and second generation Grubbs
catalyst (34 mg, 0.039 mmol, 0.05 equiv) was stirred under argon at
reflux for 18 h. The solution was concentrated under vacuum and
(9b) was obtained as a white solid (220 mg, yield 53%) after puri-
fication by flash column chromatography on silica gel (P/EA: 95/
0.5); mp 84–86 �C. 1H NMR d ppm (C6D6, 500 MHz): 1.05 (t,
J¼7.1 Hz, 3H), 1.79 (s, 3H), 4.00–4.20 (m, 2H), 4.76 (d, J¼16.4 Hz, 1H),
4.78 (d, J¼5.5 Hz, 1H), 4.96 (d, J¼16.4 Hz, 1H), 6.09 (dd, J¼5.5,
15.9 Hz, 1H), 6.16 (d, J¼15.9 Hz, 1H), 6.60 (d, J¼8.8 Hz, 1H), 6.80–
6.90 (m, 3H), 6.94 (dd, J¼2.3, 8.8 Hz, 1H), 7.00–7.10 (m, 8H), 10.21
(br s, 1H). 13C NMR d ppm (CDCl3, 75 MHz): 14.5, 24.7, 40.0, 50.4,
60.3, 89.5, 116.5, 118.4, 126.3 (2Car), 126.5, 127.3, 127.4, 127.6 (2Car),
128.4 (2Car), 128.6 (2Car), 128.8, 129.8, 130.2, 131.3, 136.7, 136.8,
137.4, 147.1, 168.1, 170.6. ES-HRMS: calcd for [C29H27

79BrN2O3þNa]þ:
553.1103, found: 553.1104.

4.1.9. Ethyl 2-amino-1-benzyl-6-bromo-4-vinyl-1,4-dihydroquino-
line-3-carboxylate (10). A mixture of compound (8) (0.20 g,
0.44 mmol, 1.0 equiv), absolute ethanol (3.0 mL), and hydrazine
monohydrate (2.1 mL) was stirred at room temperature for 3 h. The
solution was concentrated under vacuum and the residue was
extracted with CH2Cl2. The organic layers were washed with water,
brine, dried over MgSO4 and concentrated under vacuum. Com-
pound (10) was obtained as a white solid (48 mg, yield 26%) after
purification by flash column chromatography on silica gel (P/EA: 8/
2); mp 110–112 �C. 1H NMR d ppm (CDCl3, 500 MHz): 1.31 (t,
J¼7.1 Hz, 3H), 4.15–4.25 (m, 2H), 4.58 (d, J¼5.9 Hz, 1H), 4.74–4.94
(m, 3H), 5.12–5.18 (m, 1H), 5.78–5.87 (m, 1H), 6.27–6.32 (m, 2H),
6.56 (d, J¼8.7 Hz, 1H), 7.10–7.40 (m, 7H). 13C NMR d ppm (CDCl3,
125.77 MHz): 14.7, 39.8, 49.3, 59.0, 78.4, 112.0, 115.4, 116.0, 125.5,
127.9 (2Car), 129.4 (2Car), 129.7, 129.9, 131.5, 135.6, 138.3, 141.2,
155.2, 169.5. Anal. Calc for C21H21BrN2O2: C, 61.03; H, 5.12; N, 6.78.



G. Viault et al. / Tetrahedron 65 (2009) 10149–10154 10153
Found: C, 60.17; H, 5.47; N, 6.33. EI-HRMS: calcd for
[C21H21BrN2O2]þ: 412.0786, found: 412.0793.

4.1.10. (E)-Ethyl 2-amino-1-benzyl-6-bromo-4-styryl-1,4-dihydroqu-
inoline-3-carboxylate (10b). A mixture of compound (9b) (150 mg,
0.28 mmol, 1.0 equiv), absolute ethanol (1.5 mL), and hydrazine
monohydrate (1.4 mL) was stirred at room temperature for 3 h. The
solution was concentrated under vacuum and the residue was
extracted with CH2Cl2. The organic layers were washed with water,
brine, dried over MgSO4 and concentrated under vacuum. Com-
pound (10b) was obtained as a white solid (67 mg, yield 48%) after
purification by flash column chromatography on silica gel (P/EA: 9/
1); mp 156–158 �C. 1H NMR d ppm (C6D6, 500 MHz): 1.15 (t,
J¼7.1 Hz, 3H), 4.11 (d, J¼18.1 Hz, 1H), 4.20–4.30 (m, 2H), 4.37 (d,
J¼18.1 Hz, 1H), 4.92 (d, J¼5.7 Hz, 1H), 6.11 (d, J¼8.7 Hz, 1H), 6.20 (br
s, 2H), 6.29 (dd, J¼5.7, 15.7 Hz, 1H), 6.35 (d, J¼15.7 Hz, 1H), 6.69–
6.71 (m, 2H), 6.92 (dd, J¼2.3, 8.7 Hz, 1H), 7.00–7.14 (m, 8H), 7.27 (d,
J¼2.3 Hz, 1H). 13C NMR d ppm (CDCl3, 75 MHz): 14.7, 39.4, 49.3, 59.1,
77.2, 115.5, 116.2, 125.6 (2Car), 126.3 (2Car), 127.0, 127.3, 128.0, 128.4
(2Car), 129.4 (2Car), 129.8, 129.9, 131.6, 131.1, 135.6, 137.4, 138.3,
155.2, 169.6. Anal. calcd for C27H25BrN2O2: C, 66.26; H, 5.15; N,
5.72. Found: C, 66.22; H, 5.36; N, 5.43. ES-HRMS: calcd for
[C27H26

79BrN2O2þH]þ: 489.1178, found: 489.1179.

4.1.11. Ethyl 2-acetylimino-1-benzyl-6-bromo-4-phenyl-1,4-dihydro-
quinoline-3-carboxylate (11). To a suspension of copper iodide
(0.34 g,1.80 mmol,1.1 equiv) in anhydrous THF (8 mL), phenyllithium
(1.9 M in butyl ether, 1.9 mL, 3.61 mmol, 2.2 equiv) was added drop-
wise under argon at 0 �C. The mixture was stirred 30 min at 0 �C. The
compound (6) (0.70 g,1.64 mmol,1.0 equiv) in anhydrous THF (2 mL)
solution was added to the mixture at �30 �C. The solution was
warmed to room temperature and stirred for 2 h. The black mixture
was quenched with NH4Cl saturated aqueous solution and extracted
with AcOEt. The organic layers were washed with water, brine, dried
over MgSO4 and concentrated under vacuum. Compound (11) was
obtained as a white solid (350 mg, yield 42%) after purification by
flash column chromatography on silica gel (P/EA: 95/05). 1H NMR
d ppm (CDCl3, 300 MHz): 1.38 (t, J¼7.1 Hz, 3H), 2.28 (s, 3H), 4.25–4.30
(m, 2H), 4.95 (m, 2H), 5.35 (s,1H), 6.89–7.41 (m,13H),10.08 (s,1H). 13C
NMR d ppm (CDCl3, 75 MHz): 14.4, 24.7, 41.5, 50.0, 60.3, 91.8, 116.5,
118.3, 126.5, 127.1 (2Car), 127.5, 127.7 (2Car), 128.3 (2Car), 128.5 (2Car),
129.8, 130.9, 131.8, 136.4, 137.5, 144.6, 147.0, 169.0, 170.9. EI-HRMS:
calcd for [C27H25

81BrN2O3]þ: 506.1028, found: 506.1063.

4.1.12. Ethyl 2-amino-1-benzyl-6-bromo-4-phenyl-1,4-dihydroquino-
line-3-carboxylate (12). A mixture of compound (11) (0.14 g,
0.28 mmol, 1.0 equiv), absolute ethanol (1.5 mL), and hydrazine
monohydrate (1.4 mL) was stirred at room temperature for 3 h. The
solution was concentrated under vacuum and the residue was
extracted with CH2Cl2. The organic layers were washed with water,
brine, dried over MgSO4 and concentrated under vacuum. Com-
pound (12) was obtained as a white solid (50 mg, yield 40%) after
purification by flash column chromatography on silica gel (P/EA:
9/1); mp 82–84 �C. 1H NMR d ppm (CDCl3, 300 MHz): 1.18 (t,
J¼8.0 Hz, 3H), 4.04 (q, J¼8.0 Hz, 2H), 5.00 (m, 2H), 5.10 (s,1H), 6.27 (s,
1H), 6.52 (d, 1H), 6.90–7.30 (m, 12H). 13C NMR d ppm (CDCl3,

75 MHz): 14.6, 41.6, 49.5, 59.3, 79.7, 115.7, 116.4, 125.5 (2Car), 126.1,
126.9 (2Car), 127.9, 128.4 (2Car), 129.5 (2Car), 129.7, 131.4, 131.8, 135.7,
138.2, 147.3, 155.1, 169.6. Anal. Calc for C25H23BrN2O2: C, 64.80; H,
5.00; N, 6.05. Found: C, 65.56; H, 5.19; N, 5.74. EI-HRMS: calcd for
[C19H18BrN2O2 (M-C6H5)]þ: 385.0552, found: 385.0574.

4.1.13. Ethyl 2-acetamido-1-benzyl-6-bromo-4-(nitomethyl)-1,4-di-
hydroquinoline-3-carboxylate (13). A mixture of compound (7)
(430 mg, 1.00 mmol, 1.0 equiv), nitromethane (3 mL), and tetra-
methylguanidine (0.13 mL, 1.0 mmol, 1.0 equiv) was stirred under
argon at room temperature for 18 h. The mixture was quenched
with NH4Cl saturated aqueous solution and extracted with CH2Cl2.
The organic layers were washed with water, brine, dried over
MgSO4 and concentrated under vacuum. Compound (13) was
obtained as a yellow solid (460 mg, yield 95%) after purification by
flash column chromatography on silica gel (P/EA: 8/2); mp 78–
80 �C. 1H NMR d ppm (CDCl3, 300 MHz): 1.24 (t, J¼8.0 Hz, 3H), 2.18
(s, 3H), 3.90 (d, J¼6.7 Hz, 2H), 4.11 (q, J¼8.0 Hz, 2H), 4.77 (t,
J¼6.7 Hz, 1H), 4.78–4.97 (m, 2H), 7.00–7.30 (m, 8H), 10.09 (s, 1H).
13C NMR d ppm (CDCl3, 75 MHz): 14.2, 24.8, 37.0, 50.9, 60.7, 79.4,
89.5, 117.2, 118.9, 126.8, 127.8 (2Car), 128.2 (2Car), 128.9, 131.0, 131.1,
136.3, 137.4, 147.9, 167.8, 170.4. ES-HRMS: calcd for
[C22H22

79BrN3O5þNa]þ: 510.0641, found: 510.0644.
4.1.14. Ethyl 2-acetamido-4-(aminomethyl)-1-benzyl-6-bromo-1,4-
dihydroquinoline-3-carboxylate (14). A mixture of compound (13)
(0.15 g, 0.28 mmol, 1.0 equiv), absolute ethanol (1.5 mL), and a cat-
alytic amount of Raney nickel (50% solution in water) was stirred
under a hydrogen atmosphere at room temperature for 18 h. The
solution was diluted with CH2Cl2, dried over MgSO4 and filtered on
a pad of Celite. The mixture was concentrated under vacuum and
compound (14) was obtained as a white solid (0.10 g, yield 74%)
after purification by flash column chromatography on silica gel (P/
EA: 9/1); mp 124–126 �C. 1H NMR d ppm (CDCl3, 500 MHz): 1.04 (t,
J¼6.8 Hz, 3H), 2.17 (s, 3H), 3.58 (m, 1H), 4.00 (m, 3H), 4.77 (t,
J¼6.7 Hz, 1H), 4.24 (m, 1H), 4.30 (s, 2H), 4.40 (br s, 1H), 6.50 (d,
J¼8.6 Hz, 1H), 7.15–7.35 (m, 7H), 10.68 (br s, 1H). 13C NMR d ppm
(CDCl3, 75 MHz): 14.5, 24.5, 38.8, 48.4, 51.7, 58.8, 81.2, 109.7, 112.9,
127.3, 127.4 (2Car), 128.7 (2Car), 130.1, 131.0, 131.4, 139.0, 144.4, 157.3,
168.3, 170.5. Anal. Calcd for C20H22BrN3O2: C, 57.70; H, 5.33; N,
10.09. Found: C, 57.61; H, 5.16; N, 8.96. ES-HRMS: calcd for
[C22H25

79BrN3O3þH]þ: 458.1079, found: 458.1079.
4.1.15. N-(4-Bromo-2-(hydroxymethyl)phenyl)benzamide (16). To
a suspension of LiAlH4 (0.57 g, 15 mmol, 1.0 equiv) in anhydrous
THF (40 mL) at �10 �C was added a solution of compound (2) (5 g,
15 mmol, 1.0 equiv) in anhydrous THF (40 mL) at �10 �C. The so-
lution was stirred under argon at room temperature for 2 h. The
mixture was quenched successively with a 2 M NaOH aqueous so-
lution (4 mL) and water (4 mL). The organic phase was dried over
MgSO4, filtered and concentrated under vacuum. The amide (16)
was obtained as a white solid (4.5 g, yield 98%) after purification by
flash column chromatography on silica gel (P/EA: 8/2); mp 138–
140 �C. 1H NMR d ppm (CDCl3, 300 MHz): 4.18 (s, 2H), 5.25 (br s, 1H),
6.87–7.03 (m, 5H), 7.43–7.45 (m, 2H), 7.64–7.67 (m, 1H), 9.70 (br s,
1H). 13C NMR d ppm (CDCl3þDMSO d6, 75 MHz): 62.2, 115.5, 122.8,
126.3.0 (2Car), 127.8 (2Car), 130.0, 130.1, 131.0, 132.3, 133.6, 136.2,
164.4. EI-HRMS: calcd for [C14H12BrNO2]þ: 305.0051, found:
305.0039.

4.1.16. N-(4-bromo-2-formylphenyl)benzamide (17). To a mixture of
IBX (8.2 g, 29.4 mmol, 2.0 equiv), DMSO (60 mL) and CH2Cl2
(45 mL), a solution of compound (16) (4.5 g, 14.7 mmol, 1.0 equiv) in
CH2Cl2 (45 mL) was added dropwise. The solution was stirred un-
der argon at reflux for 1 h. The reaction was quenched with water
(20 mL) at 0 �C and the residue of IBX was filtered on a pad of Celite.
The mixture was extracted with CH2Cl2 and the organic layers were
washed three times with water, brine, dried over MgSO4, and
concentrated under vacuum. The amide (17) was obtained as
a white solid (4.0 g, yield 89%) after purification by flash column
chromatography on silica gel (P/EA: 8/2); mp 118–120 �C. 1H NMR
d ppm (CDCl3, 300 MHz): 7.50–7.70 (m, 3H), 7.78 (dd, J¼2.4, 9.0 Hz,
1H), 7.78 (d, J¼2.4 Hz, 1H), 8.05–8.10 (m, 2H), 8.92 (d, J¼9.0 Hz, 1H),
9.95 (s, 1H), 12.00 (br s, 1H). 13C NMR d ppm (CDCl3, 75 MHz): 115.2,
121.9, 123.3, 127.5 (2Car), 129.0 (2Car), 132.5, 134.0, 138.2, 139.1,
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140.2, 166.1, 194.6. EI-HRMS: calcd for [C13H10BrNO (M-C]O)]þ:
274.9946, found: 274.9958.

4.1.17. Ethyl 1-benzoyl-6-bromo-2-imino-1,2-dihydroquinoline-3-
carboxylate (18). A mixture of aldehyde (17) (4 g, 13.15 mmol,
1.0 equiv), molecular sieves 4 Å (4 g), absolute ethanol (80 mL),
ethylcyanoacetate (1.68 mL, 15.8 mmol, 1.2 equiv) and piperidine in
catalytic amount was stirred under argon at 60 �C for 24 h. The
solution was diluted with CH2Cl2 and molecular sieves were filtered
on a pad of Celite. The mixture was concentrated under vacuum
and the compound (18) was obtained as a yellow solid (5.5 g, yield
95%) after purification by washing with a mixture of pentane and
diethyl ether (P/E: 6/4); mp 168–170 �C. 1H NMR d ppm (CDCl3,

500 MHz): 1.49 (t, J¼7.2 Hz, 3H), 4.51 (q, J¼7.2 Hz, 2H), 7.50–7.60
(m, 3H), 6.65 (dd, J¼2.2, 9.0 Hz, 1H); 7.97 (d, J¼2.2 Hz, 1H); 7.99 (d,
J¼9.0 Hz, 1H), 8.10–8.15 (m, 2H), 11.92 (s, 1H). 13C NMR d ppm
(CDCl3, 125 MHz): 14.2, 62.6, 113.2, 119.5, 125.2, 127.6 (2Car), 128.9
(2Car), 130.4, 130.5, 132.3, 134.7, 136.0, 141.3, 147.6, 150.0, 164.5,
166.8. EI-HRMS: calcd for [C19H15BrN2O3]þ: 398.0266, found:
398.0265.

4.1.18. (E)-Ethyl 2-(acetylimino)-1-benzoyl-6-bromo-1,2-dihydroq-
uinoline-3-carboxylate (19). A mixture of compound (18) (2.5 g,
6.3 mmol, 1.0 equiv), acetic anhydride (30 mL), pyridine (8 mL) and
molecular sieves 4 Å (0.5 g) was stirred under argon and heat at
90 �C for 48 h. The solution was diluted with CH2Cl2 and molecular
sieves were filtered on a pad of Celite. The mixture was concen-
trated under vacuum and coevaporated with toluene to give the
compound (19) as a yellow solid (2 g, yield 72%); mp 108–110 �C. 1H
NMR d ppm (CDCl3, 300 MHz): 1.46 (t, J¼7.1 Hz, 3H), 2.59 (s, 3H),
4.47 (q, J¼7.1 Hz, 2H), 7.10–7.40 (m, 3H), 7.60–7.80 (m, 4H), 8.00–
8.01 (m, 1H), 8.69 (s, 1H). 13C NMR d ppm (CDCl3, 75 MHz): 14.2,
25.7, 62.2, 121.9, 122.8, 127.3, 128.3 (2Car), 128.8 (2Car), 130.2, 130.4,
131.9, 135.4, 135.4, 140.3, 146.3, 150.1, 164.5, 172.2, 174.4. EI-HRMS:
calcd for [C21H17BrN2O4]þ: 440.0372, found: 440.0379.

4.1.19. Ethyl 2-amino-1-benzoyl-6-bromo-4-phenyl-1,4-dihydroqui-
noline-3-carboxylate (20). To a solution of copper iodide (86 mg,
0.45 mmol, 1.0 equiv) and anhydrous THF (2 mL), phenyllithium
(1.9 M in butyl ether, 0.48 mL, 0.90 mmol, 2.0 equiv) was added
dropwise under argon at 0 �C. The mixture was stirred 30 min at
0 �C. A solution of compound (19) (0.20 g, 0.45 mmol, 1.0 equiv) in
anhydrous THF (0.5 mL) was added to the mixture at �30 �C. The
solution was warmed to room temperature and stirred for 2 h. The
black mixture was quenched with a NH4Cl saturated aqueous so-
lution and extracted with AcOEt. The organic layers were washed
with water, brine, dried over MgSO4 and concentrated under vac-
uum. The compound (20) was obtained as a white solid (70 mg,
yield 30%) after purification by flash column chromatography on
silica gel (P/EA: 95/05). 1H NMR d ppm (CDCl3, 500 MHz): 1.26 (t,
J¼7.0 Hz, 3H), 4.17 (q, J¼7.0 Hz, 2H), 5.16 (s, 1H), 6.81 (m, 1H), 7.20–
7.80 (m, 10H), 8.05 (m, 2H), 11.04 (br s, 1H), 13.29 (br s, 1H). 13C NMR
d ppm (CDCl3, 125.77 MHz): 14.3, 42.2, 60.1, 82.6, 115.9, 117.5, 126.5,
127.3 (2Car),127.4, 127.6, 127.9 (2Car),128.5, 129.1, 130.2, 132.2, 132.8,
133.1, 133.6, 146.9, 148.1, 148.4, 168.4, 170.0. ES-HRMS: calcd for
[C25H21

79BrN2O3þNa]þ: 499.0633, found: 499.0636.
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