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ABSTRACT:

An efficient one-pot method for the synthesis of functionalized quinolines and tetrahydronaphthyridines has been developed. The
photo-Fries rearrangement of p-substituted anilides afforded differently substituted o-amino ketones that reacted in situ with
acetylenic Michael acceptors such as dimethyl acetylenedicarboxylate (DMAD) to give 6,4-disubstituted quinoline 2,3-dicarbox-
ylates. Starting from anilides derived from β-alanine, a naphthyridine nucleus can also be assembled.

Quinoline is a common structural motif found in many
natural products with remarkable pharmacological proper-

ties. Members of this family have wide applications in medicinal
chemistry, being used as antimalarial (chloroquine andmefloquine),
anti-inflammatory, antiasthmatic, antibacterial, and antihyper-
tensive activities.1 Benzo[c][2,7]-naphthyridine is also a nucleus
present in alkaloids isolated from marine organisms with diverse
biological activities,2 such as inhibition of phosphoinositide-
dependent protein kinase 1 (PDK-1) involved in the progression
of some kinds of cancer, release of calcium, antiviral and
antimicrobial activity, and cytotoxicity.3 A general retrosynthetic
approach to quinolines and naphthyridines suggests that aro-
matic ortho-amino ketones are useful building blocks for the
preparation of both heterocyclic systems. However, selective
access to these types of compounds is troublesome, requiring
multistep procedures, harsh reaction conditions, toxic and/
or expensive reagents, and tedious protection/deprotection
sequences.4

Recently, we described a rapid transformation of anilides into
aromatic o-amino ketones based on the photochemical version of
the Fries rearrangement5 that allowed easy preparation of 1,4-
benzodiazepines6 and quinazolines,7 two important classes of
organic scaffolds. We report here that the same class of aromatic
o-amino ketones (II) can be used for a one-pot two-step
procedure that starts from the anilide (I) and gives directly
quinolines 2,3-dicarboxylate (III), easily transformed, through
an additional high-yielding step, into benzo[c][2,7]-naphthyr-
idines (IV) (Figure 1).

In order to investigate the viability of the project, we started to
explore the variety of applications in the first step transformation
of anilides into aromatic o-aminophenones. The Fries reaction
largely used for the transformation of esters into substituted

phenols has found less application in its “aza version” as the
reaction is generally carried out in the presence of corrosive
Lewis acids not compatible with the presence of functional
groups. Acetanilide 1a was employed as the model substrate to
investigate the best conditions for the photo-Fries rearrange-
ment. Several experiments were carried out in ethanol and
acetonitrile with a multilamps apparatus at 254 and 310 nm.
The 254 nm lamp and degassed acetonitrile gave better results in
terms of conversion and isolated yields of 2a. The presence of
sensitizer or quencher reagents (i.e., xylene, benzophenone,
piperylene, etc.) had no effect of the yield of the photochemical
process. The presence of an electron-donating substituent on the

Figure 1. Possible reaction paths of anilides (I).
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aromatic ring gave acceptable yields of the rearranged product
(entries 2, 3, 8, 9, and 11 inTable 1), whereaswith anilides carrying
a nitro group or a chlorine atom (entries 5 and 6 in Table 1), the
reaction proceeded with low conversion and poor yields, high-
lighting the application limits of the reaction. However, a library of
o-aminophenones was obtained (see Table 1).

When a Michael acceptor such as dimethyl acetylenedicarbox-
ylate (DMAD) was added directly in the solution at the end of the
photo-Fries rearrangement, a series of functionalized quinolines
2,3-dicarboxylate (III) can be prepared. The results of this one-pot
(two-step) procedure are collected in Table 2. The same products
can be obtained from a stepwise procedure by rt reaction of
aminophenones 2a�d and 2g�k with DMAD (yields ranging

from 58 to 78%). It is interesting to notice that, with respect to the
stepwise procedure, in the one-pot (two-step) process, it is
possible to obtain an enhancement of the yields (see Table 3).

On the other hand, the use of different olefinic or monosub-
stituted acetylenes rather than DMAD gave bad results, probably
because of the poor nature of Michael acceptors toward the
amino group.8 The Michael mechanism is in accord with what
was observed on similar substrates in a recent work.9

Formation of quinolines can be accounted for by the mechan-
ism illustrated in Scheme 1.

Starting from the β-Ala derivatives (1g�k), it is also possible
that the closing of the third heterocyclic ring obtains the 1,2,3,4-
tetrahydrobenzo[c][2,7]naphthyridine system (IV). The reac-
tion was carried out using K2CO3 as the base in MeOH at rt with
hydrolysis of the methyl ester and removal of the Cbz protection.
In these conditions, the potassium salts 4g�k were isolated in
good yields as solid products (Table 4).

Table 1. Photochemistry of the Aromatic Amides 1a�ka

entry compound R1 R2 product yield (%)b

1 1a H Me 2a 87c

2 1b Me Me 2b 56

3 1c OMe Me 2c 71

4 1d F Me 2d 64

5 1e Cl Me 2e 20

6 1f NO2 Me 2f 5

7 1g H (CH2)2NHCbz 2g 38

8 1h Me (CH2)2NHCbz 2h 26

9 1i OMe (CH2)2NHCbz 2i 41

10 1j F (CH2)2NHCbz 2j 34

11 1k Me (CH2)3NHCbz 2k 34
aReaction conditions: 0.1 M solution of amides in degassed MeCN,
irradiated at 254 nm with a 2 � 15 W low-pressure mercury lamp for
20 h. bCalculated yields on NMR spectra. cThe ortho (47%) + para
(40%) isomers.

Table 2. One-Pot (Two-Step) Preparation of Quinolines
3a�d and 3g�k

entry compound equiv of DMAD product yield (%)a

1 1a 1 3a

2 1b 1 3b 67

3 1c 1 3c 40

4 1d 1 3d 61

5 1g 5 3g 36

6 1h 5 3h 48

7 1i 5 3i 38

8 1j 5 3j 42

9 1k 5 3k 35
a Isolated yields.

Table 3. Yield Comparison between Stepwise and One-Pot
Procedures

compound

stepwise

procedure

yield (%)a

one-pot (two-step)

procedure

yield (%)

yield

enhancement

(%)

1a 28 (47 + 60)

1b 32 (56 + 57) 67 +35

1c 36 (71 + 50) 40 +4

1d 44 (64 + 69) 61 +17

1g 36 +36

1h 15 (26 + 56) 48 +33

1i 31 (41 + 76) 38 +7

1j 23 (34 + 68) 42 +19

1k 24 (34 + 72) 35 +11
a Single step yields (Fries + Michael) shown in parentheses.

Scheme 1. Proposed Mechanism for the Formation of
Quinolines 3a�d and 3g�k

Table 4. Preparation of Naphthyridines 4g�j

compound yield (%)a

3g 70

3h 81

3i 83

3j 74
a Isolated yields.
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This behavior was strictly related to the ring size as attempts to
extend this protocol to the γ-Ala derivative 1k gave bad results. It
is possible that the failure of our effort to close the third
heterocycle on the molecule 3k could be due to the competitive
formation of polymeric material.

In conclusion, we have herein reported an innovative and
convenient synthetic approach for the synthesis of two important
classes of heterocyclic scaffolds using the capability of the aromatic
amides to give the photo-Fries rearrangement. Quinolines from
simple acetanilides (1a�d) and β-Ala (1g�j) or γ-Ala (1k)
derivatives have been obtained with yields ranging from modest
to good using a single one-pot procedure. Good yields have been
obtained for the cyclization of ketones 2h�k to functionalized
tetrahydronaphthyridines.

’EXPERIMENTAL SECTION

General.Melting points were determined with a hot stage apparatus.
1H and 13C NMR spectra were recorded at 27 �C (CDCl3 or CD3OD),
unless otherwise stated, with an instrument operating at 200.13 and
50.33 MHz, respectively, or with an instrument operating at 400.13 and
100.62 MHz, respectively. Chemical shifts are reported in parts per
million from internal TMS.Mass spectra were recorded in the positive or
negative ion mode with an instrument by using electrospray ionization.
HRMS-ESI data were recorded with a Orbitrap instrument. All solvents
were previously dried according to standard procedures. Analytical TLC
was performed on silica gel 60 F254 plates. Flash column chromatogra-
phy was carried out on silica gel (0.040�0.063 mm).
General Procedure for Preparation of Anilides 1a�g. The

starting amine was dissolved in anhydrous conditions and under
nitrogen atmosphere in dry dichloromethane at 0 �C. Then triethyla-
mine (2.0 equiv) and acetyl chloride (1.4 equiv) were poured into the
solution, and the reaction was monitored by TLC (1:1 petroleum ether/
AcOEt). The resulting amide was purified by crystallization from water.

Melting points and NMR spectra were identical to those obtained
with authentic samples.10

General Procedure for Preparation of Anilines 2a�k. A
0.1 M solution of the anilides (1a�k) (0.5 mmol in 5 mL of MeCN
degassed with two cycles of freeze�thaw) was irradiated at 254 nm in a
quartz sealed tube using two low-pressure mercury lamps with a total
power of 30 W for 20 h at room temperature. After removal of the
solvent under reduced pressure, the residues were purified by column
chromatography with a variable ratio of petroleum ether/ethyl acetate.
General Procedure for the One-Pot Preparation of Qui-

nolines 3b�d and 3h�k. The 0.1 M solutions in MeCN (degassed
with two cycles of freeze�thaw) of the anilides (1b�d and 1g�k) were
irradiated at 254 nm in a quartz sealed tube using a low-pressure mercury
lamp for 20 h at room temperature. To the crude reaction mixtures and
in the same sealed tube was then added 1�5 equiv of dimethyl
acetylenedicarboxylate (DMAD), and the solutions were warmed to
60 �C under magnetic stirring overnight. After removal of the solvent
under reduced pressure, the residues were purified by column chroma-
tography with a variable ratio of petroleum ether/ethyl acetate. Com-
pound 3a has been obtained with the stepwise procedure only.
1-(2-Amino-5-methylphenyl)ethanone, 2b: 41mg, 56%; chro-

matographic eluent, petroleumether/AcOEt 2:1.Melting point andNMR
spectra were identical to those obtained with an authentic sample.11

1-(2-Amino-5-methoxyphenyl)ethanone, 2c: 58 mg, 71%;
chromatographic eluent, petroleum ether/AcOEt 2:1.Melting point and
NMR spectra were identical to those obtained with authentic sample.12

1-(2-Amino-5-fluorophenyl)ethanone, 2d: 49 mg, 64%;
brown solid; chromatographic eluent, petroleum ether/AcOEt 3:2;
Rf = 0.30; mp 64�65 �C; 1HNMR (200MHz, CDCl3) δ 2.52 (s, 3H),

6.00 (br s, 2H), 6.55�6.62 (m, 1H), 6.97�7.07 (m, 1H), 7.32�7.38
(m, 1H); 13C NMR (50 MHz, CDCl3) δ 27.9, 116.2, 118.4, 122.2,
122.7, 146.7, 150.9, 199.7; ESI-MS 154 [M + H]+, 176 [M + Na]+.
Anal. Calcd for C8H8FNO: C, 62.74; H, 5.26; N, 9.15. Found: C,
62.53; H, 5.31; N, 9.08.
Benzyl 3-(2-Aminophenyl)-3-oxopropylcarbamate, 2g: The

product has not been isolated but was used as reaction intermediate
because of the presence of the para-substituted regioisomer that has a very
similar retention factor; Rf = 0.45 (petroleum ether/AcOEt 1:1); ESI-MS
299 [M + H]+, 321 [M + Na]+.
Benzyl 3-(2-Amino-5-methylphenyl)-3-oxopropylcarbamate,

2h: 41 mg, 26%; yellow oil; chromatographic eluent, petroleum ether/
AcOEt 1:1; Rf = 0.55; 1H NMR (200 MHz, CDCl3) δ 2.22 (s, 3H),
3.14�3.20 (t, J = 5.43 Hz, 2H), 3.54�3.62 (t, J = 5.43 Hz, 2H), 5.07 (s,
2H), 5.42 (br s, 1H), 6.54�6.59 (d, J=8.65Hz, 1H), 7.07�7.11 (d, J=8.65
Hz), 7.32 (s, 5H), 7.46 (br s, 2H); 13C NMR (50 MHz, CDCl3) δ 21.3,
37.6, 39.8, 67.2, 116.2, 117.9, 126.8, 127.4, 127.7, 128.3, 129.5, 135.1, 137.1,
145.9, 156.1, 200.6; ESI-MS 335 [M +Na]+. Anal. Calcd for C18H20N2O3:
C, 69.21; H, 6.45; N, 8.97. Found: C, 69.47; H, 6.39; N, 9.16.
Benzyl3-(2-Amino-5-methoxyphenyl)-3-oxopropylcarbamate,

2i: 67 mg, 41%; brown oil; chromatographic eluent, petroleum ether/
AcOEt 1:1; Rf = 0.50; 1H NMR (200 MHz, CDCl3) δ 3.13�3.18 (t, J =
5.52 Hz, 2H), 3.54�3.63 (q, J = 5.52 Hz, 2H), 3.75 (s, 3H), 5.07 (s, 2H),
5.42 (bt, J= 5.52Hz, 1H), 5.94 (br s, 2H), 6.58�6.63 (d, J= 8.88Hz, 1H),
6.93�6.97 (m, 1H), 7.11�7.13 (m, 1H), 7.32�7.36 (m, 5H); 13C NMR
(50 MHz, CDCl3) δ 36.1, 39.0, 55.9, 66.6, 113.0, 117.3, 118.8, 123.8,
128.0, 128.5, 128.6, 136.5, 145.1, 150.0, 156.4, 200.5; ESI-MS 327 [M �
H]�, 329 [M + H]+, 351 [M + Na]+. Anal. Calcd for C18H20N2O4: C,
65.84; H, 6.14; N, 8.53. Found: C, 66.02; H, 6.31; N, 8.62.
Benzyl 3-(2-Amino-5-fluorophenyl)-3-oxopropylcarbamate,

2j: 54 mg, 34%; yellow oil; chromatographic eluent, petroleum ether/
AcOEt 1:1; Rf = 0.45; 1H NMR (200 MHz, CDCl3) δ 3.07�3.13 (t, J =
5.64 Hz, 2H), 3.51�3.60 (q, J = 5.64 Hz, 2H), 5.05 (s, 2H), 5.40 (bt, J =
5.64 Hz, 1H), 6.13 (br s, 2H), 6.55�6.61 (m, 1H), 6.96�7.05 (m, 2H),
7.30 (m, 5H); 13CNMR (50MHz, CDCl3) δ 36.0, 38.9, 66.6, 115.2, 115.6,
118.4, 118.6, 122.5, 123.0, 128.0, 128.4, 136.4, 146.9, 155.6, 201.0; ESI-MS
339 [M + Na]+. Anal. Calcd for C17H17FN2O3: C, 64.55; H, 5.42; N, 8.86.
Found: C, 64.69; H, 5.48; N, 8.77
Benzyl 4-(2-Amino-5-methylphenyl)-4-oxobutylcarbamate,

2k: 56mg, 34%; yellowoil; chromatographic eluent, petroleumether/AcOEt
1:1; 1H NMR (200 MHz, CDCl3) δ 1.84�1.98 (q, J = 6.62 Hz, 2H), 2.24
(s, 3H), 2.92�2.99 (t, J=6.62Hz, 2H), 3.22�3.31 (q, J=6.62Hz, 2H), 5.08
(s, 2H), 5.08 (br s, 1H), 6.54�6.62 (m, 1H), 6.93�7.10 (m,1H), 7.33
(m, 6H), 7.48 (br s, 2H); 13C NMR (50 MHz, CDCl3) δ 20.3, 24.5, 36.0,
40.6, 66.4, 115.1, 117.4, 124.6, 127.9, 128.3, 128.4, 129.6, 130.5, 136.4, 148.1,
156.4, 201.6; ESI-MS 327 [M + H]+, 349 [M + Na]+. Anal. Calcd for
C19H22N2O3:C, 69.92;H, 6.79;N, 8.58. Found:C, 70.03;H, 6.88;N, 8.41.
Dimethyl 4-Methylquinoline-2,3-dicarboxylate, 3a: 73 mg,

28%; light brown solid; chromatographic eluent, petroleum ether/
AcOEt 1:1; mp 93�95 �C; 1H NMR (400 MHz, CDCl3) δ 2.63
(s, 3H), 3.92 (s, 3H), 3.97 (s, 3H), 7.56�7.60 (t, J = 8.0 Hz, 1H), 7.69�
7.73 (t, J = 8.0 Hz, 1H), 7.96�7.98 (d, J = 8.4 Hz, 1H), 8.15�8.17 (d, J =
8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 15.1, 52.4, 52.9, 123.7,
126.8, 127.6, 128.7, 130.4, 130.6, 143.5, 144.6, 145.9, 165.2, 169.9; ESI-MS
260 [M +H]+, 282 [M +Na]+. Anal. Calcd for C14H13NO4: C, 64.86; H,
5.05; N, 5.40. Found: 64.92; H, 5.13; N, 5.33.
Dimethyl 4,6-Dimethylquinoline-2,3-dicarboxylate, 3b:

183 mg, 67%; brown solid; chromatographic eluent, petroleum ether/
AcOEt 1:1; mp 135�138 �C; 1H NMR (200 MHz, CDCl3) δ 2.57 (s,
3H), 2.67 (s, 3H), 3.98 (s, 3H), 4.01 (s, 3H), 7.60�7.64 (m, 1H), 7.80
(s, 1H), 8.10�8.15 (m, 1H); 13C NMR (50 MHz, CDCl3) δ 15.6, 22.1,
52.9, 53.4, 123.0, 127.4, 128.1, 130.7, 133.1, 139.6, 142.8, 143.1, 144.9,
165.4, 168.7; ESI-MS 274 [M + H]+, 296 [M + Na]+. Anal. Calcd for
C15H15NO4: C, 65.92; H, 5.53; N, 5.13. Found: 65.99; H, 5.41; N, 5.30.
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Dimethyl 6-Methoxy-4-methylquinoline-2,3-dicarboxylate,
3c: 124 mg, 40%; light brown solid; chromatographic eluent, petroleum
ether/AcOEt 1:1; mp 130�132 �C; 1H NMR (400 MHz, CDCl3) δ
2.64 (s, 3H), 3.96 (s, 3H), 3.99 (s, 3H), 4.01 (s, 3H), 7.21 (s, 1H),
7.42�7.45 (m, 1H), 8.14�8.16 (m, 1H); 13CNMR (100MHz, CDCl3)
δ 15.8, 52.8, 53.3, 55.7, 101.9, 123.5, 128.0, 129.6, 132.7, 141.5, 142.1,
142.4, 160.0, 165.7, 168.8; ESI-MS 290 [M +H]+, 312 [M +Na]+. Anal.
Calcd for C15H15NO5: C, 62.28; H, 5.23; N, 4.84. Found: C, 62.09; H,
5.19; N, 4.97.
Dimethyl 6-Fluoro-4-methylquinoline-2,3-dicarboxylate,

3d: 169 mg, 61%; light brown solid; chromatographic eluent, petroleum
ether/AcOEt 1:1; mp 93�95 �C; 1H NMR (200 MHz, CDCl3) δ 2.66
(s, 3H), 3.99 (s, 3H), 4.02 (s, 3H), 7.53�7.69 (m, 2H), 8.22�8.29 (m,
1H); 13C NMR (100 MHz, CDCl3) δ 15.7, 53.0, 53.5, 108.2, 121.0,
121.5, 127.9, 129.4, 133.7, 133.9, 143.4, 159.6, 165.4, 168.2; ESI-MS 278
[M + H]+, 300 [M + Na]+. Anal. Calcd for C14H12FNO4: C, 60.65; H,
4.36; N, 5.05. Found: C, 60.78; H, 4.19; N, 5.09.
Dimethyl 4-(2-(Benzyloxycarbonylamino)ethyl)quinoline-

2,3-dicarboxylate, 3g: 160 mg, 36%; yellow oil; chromatographic
eluent, petroleum ether/AcOEt 3:2; 1H NMR (200 MHz, CDCl3) δ
3.32�3.39 (t, J = 6.61 Hz, 2H), 3.51�3.58 (q, J = 6.61 Hz, 2H), 3.96 (s,
3H), 4.02 (s, 3H), 5.09 (s, 2H), 5.30 (bt, J = 6.61 Hz, 1H), 6.82�6.86
(m, 1H), 7.31 (m, 5H), 7.70�7.81 (m, 2H), 8.24�8.34 (m, 1H); 13C
NMR (50 MHz, CDCl3) δ 30.2, 41.4, 53.1, 53.4, 66.7, 119.0, 124.3,
128.1, 128.5, 129.5, 129.7, 131.2, 131.2, 136.3, 136.4, 144.5, 146.9, 156.4,
156.5, 165.6, 168.4; ESI-MS 423 [M +H]+, 445 [M + Na]+. Anal. Calcd
for C23H22N2O6: C, 65.39; H, 5.25; N, 6.63. Found: C, 65.46; H, 5.19;
N, 6.77.
Dimethyl 4-(2-(Benzyloxycarbonylamino)ethyl)-6-methyl-

quinoline-2,3-dicarboxylate, 3h: 209 mg, 48%; yellow oil; chro-
matographic eluent, petroleum ether/AcOEt 3:2; 1H NMR (200 MHz,
CDCl3)δ 2.59 (s, 3H), 3.28�3.36 (t, J= 6.94Hz, 2H), 3.52�3.61 (q, J=
6.94 Hz, 2H), 3.97 (s, 3H), 4.02 (s, 3H), 5.09 (s, 2H), 5.29 (bt, J = 6.94
Hz, 1H), 7.31 (s, 5H), 7.62�7.67 (d, J = 8.54 Hz, 1H), 8.04 (s, 1H),
8.14�8.18 (d, J = 8.54 Hz, 1H); 13C NMR (50 MHz, CDCl3) δ 22.3,
30.1, 41.3, 53.1, 53.4, 66.6, 123.1, 127.5, 128.0, 128.1, 128.5, 130.9, 133.5,
136.3, 140.2, 143.6, 144.0, 145.4, 156.5, 165.6, 168.6; ESI-MS 437 [M +
H]+. Anal. Calcd for C24H24N2O6: C, 66.04; H, 5.54; N, 6.42. Found: C,
65.90; H, 5.61; N, 6.38.
Dimethyl 4-(2-(Benzyloxycarbonylamino)ethyl)-6-methoxy-

quinoline-2,3-dicarboxylate, 3i: 172 mg, 38%; brown oil; chro-
matographic eluent, petroleum ether/AcOEt 1:1; 1H NMR (200 MHz,
CDCl3) δ 3.23�3.29 (t, J = 6.90 Hz, 2H), 3.48�3.58(q, J = 6.90 Hz,
2H), 3.96 (s, 3H), 4.01 (s, 3H), 4.04 (s, 3H), 5.09 (s, 2H), 5.26 (bt, J =
6.90 Hz, 1H), 7.36 (m, 5H), 7.44 (m, 1H), 7.71 (m, 1H), 8.15 (m, 1H);
13C NMR (50 MHz, CDCl3) δ 30.7, 40.9, 52.1, 53.0, 53.3, 56.0, 66.6,
102.1, 124.2, 127.9, 128.0, 128.1, 128.5, 129.2, 132.6, 136.3, 142.0, 142.9,
156.6, 160.4, 165.6, 168.8; ESI-MS 453 [M +H]+, 475 [M +Na]+. Anal.
Calcd for C24H24N2O7: C, 63.71; H, 5.35; N, 6.19. Found: C, 63.64; H,
5.48; N, 6.26.
Dimethyl 4-(2-(Benzyloxycarbonylamino)ethyl)-6-fluoro-

quinoline-2,3-dicarboxylate, 3j: 185 mg, 42%; orange oil; chro-
matographic eluent, petroleum ether/AcOEt 1:1; 1H NMR (200 MHz,
CDCl3) δ 3.26�3.33 (t, J = 6.69 Hz, 2H), 3.49�3.59 (q, J = 6.69 Hz, 2H),
3.97 (s, 3H), 4.03 (s, 3H), 5.10 (s, 2H), 5.24 (bt, J = 6.69 Hz, 1H),
7.31�7.33 (m, 5H), 7.59 (m, 1H), 7.97 (m, 1H), 8.28 (m, 1H); 13C NMR
(50 MHz, CDCl3) δ 29.7, 41.0, 53.2, 53.5, 66.8, 66.9, 108.0, 108.5,
121.4, 122.0, 128.0, 128.1, 128.5, 133.8, 134.0, 136.3, 144.0, 156.5, 159.9,
165.4, 168.2; ESI-MS 441 [M + H]+, 463 [M + Na]+. Anal. Calcd for
C23H21FN2O6:C, 62.72;H, 4.81;N, 6.36. Found:C, 62.58;H, 4.87;N, 6.22.
Dimethyl 4-(3-(Benzyloxycarbonylamino)propyl)-6-methyl-

quinoline-2,3-dicarboxylate, 3k: 158 mg, 35%; yellow oil; chromato-
graphic eluent, petroleum ether/AcOEt 1:1; 1HNMR (400MHz, CDCl3)
δ 1.90�1.98 (quintet, J= 7.60Hz, 2H), 2.56 (s, 3H), 3.05�3.09 (t, J= 7.60

Hz, 2H), 3.26�3.32 (q, J= 7.60Hz), 3.93 (s, 3H), 4.00 (s, 3H), 5.08 (s, 2H
+bt, 1H), 7.27�7.33 (m, 5H), 7.60�7.62 (d, J=8.40Hz, 1H) 7.78 (s, 1H),
8.13�8.15 (d, J = 8.40 Hz, 1H); 13CNMR (50MHz, CDCl3) δ 22.2, 27.0,
30.7, 40.6, 52.9, 53.3, 66.6, 122.8, 126.9, 127.1, 128.0, 128.1, 128.5, 131.0,
133.2, 136.5, 139.8, 144.1, 145.5, 146.3, 156.5, 165.7, 168.7; ESI-MS 451
[M+H]+. Anal. Calcd for C25H26N2O6: C, 66.65; H, 5.82; N, 6.22. Found:
C, 66.74; H, 5.77; N, 6.09.
General Procedure for the Preparation of Lactames 4h�k.

Quinolines 3h�k were treated with 2.5 equiv of potassium carbonate in
MeOH at 60 �C under magnetic stirring overnight. Afterward, the solvent
was removed under reduced pressure and the residue was washed with
chloroform to remove the organic impurities.
Potassium4-Oxo-1,2,3,4-tetrahydrobenzo[c][2,7]naphthy-

ridine-5-carboxylate, 4g: 80 mg, 70%; pale brown solid; mp
>300 �C; 1H NMR (200 MHz, D2O) δ 3.40�3.47 (t, J = 7.00 Hz,
2H), 3.61�3.68 (t, J = 7.00 Hz, 2H), 7.31 (br s, 1H), 7.61�8.19 (m,
4H); 13C NMR (50 MHz, D2O) δ 24.7, 39.1, 125.4, 126.5, 128.4, 128.8,
129.2, 129.6, 130.3, 137.2, 149.8, 158.8, 171.6; ESI-MS 241 [M-K]�.
HRMS (ESI) calcd for C13H9N2O3K2

+ 318.9887, found 318.9883.
Potassium 9-Methyl-4-oxo-1,2,3,4-tetrahydrobenzo[c][2,7]

naphthyridine-5-carboxylate, 4h: 129 mg, 81%; orange solid; mp
>300 �C; 1HNMR (200MHz, CD3OD) δ 2.58 (s, 3H), 3.37�3.43 (t, J=
6.80 Hz, 2H), 3.59�3.66 (t, J = 6.80 Hz, 2H), 7.32 (br s, 1H), 7.65�7.96
(m, 3H); 13C NMR (50 MHz, D2O) δ 24.3, 24.8, 39.0, 119.1, 123.6,
126.3, 126.5, 129.2, 129.7, 131.3, 132.2, 144.5, 166.2, 172.0; ESI-MS 333
[M + K]+, 255 [M � K]�; HRMS (ESI) calcd for C14H11N2O3K2

+

333.0044, found 333.0038.
Potassium 9-Methoxy-4-oxo-1,2,3,4-tetrahydrobenzo[c]-

[2,7]naphthyridine-5-carboxylate, 4i: 110 mg, 83%; yellow solid;
mp >300 �C; 1H NMR (200MHz, CD3OD) δ 3.33�3.39 (t, J = 6.10 Hz,
2H), 3.60�3.66 (t, J= 6.10Hz, 2H), 3.96 (s, 3H), 7.38�7.95 (m, 3H); 13C
NMR (50 MHz, D2O) δ 24.7, 39.0, 56.5, 103.8, 115.9, 118.7, 124.9, 126.4,
130.2, 143.2, 149.9, 158.5, 166.5, 176.5; ESI-MS 349 [M + K]+, 271 [M�
K]�; HRMS (ESI) calcd for C14H11N2O4K2

+ 348.9993, found 348.9989.
Potassium 9-Fluoro-4-oxo-1,2,3,4-tetrahydrobenzo[c][2,7]

naphthyridine-5-carboxylate, 4j: 105 mg, 74%; pale brown solid;
mp >300 �C; 1H NMR (200 MHz, CD3OD) δ 3.28�3.35 (t, J = 6.90
Hz, 2H), 3.60�3.67 (t, J = 6.90 Hz, 2H), 7.28 (br s, 1H), 7.68�8.12 (m,
3H); 13C NMR (50 MHz, D2O) δ 21.7, 39.1, 118.4, 124.5, 125.3, 128.4,
135.4, 139.2, 145.9, 150.9, 156.5, 166.6, 176.7; ESI-MS 299 [M + H]+;
HRMS (ESI) calcd for C13H8FN2O3K2

+ 336.9793, found 336.9788.
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