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A four-step synthesis of tri- and tetracyclic 1,2-dihydro-
quinolin-2(1 H)-ones via acylation of various substituted
isatins with readily available N-Boc-protected amino-
acids followed by an intramolecular aldol reaction and
cyclization has been developed. The final products were
obtained in moderate to excellent overall yields.

Heterocycles are among the most prevalent lead molecules
for the discovery of novel therapeutics. For example,
4-carboxyl substituted quinolines are present in an array of
biologically active compounds and have been explored for
potential pharmaceutical applications.! Many of these com-
pounds have been shown to inhibit therapeutically relevant
enzymes as well as to modulate the activity of various cellular
receptors. For example, substituted 4-carboxyl-quinolines
were reported as potent antagonists of tachykinin NK, and
NK; receptors, thus potentially being useful as analgesic or
antiarthritic agents.” This class of molecules has also displayed
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FIGURE 1. Biologically active 4-carboxylquinoline derivatives.

neuroprotective, antistroke, and anticancer activities.? Quino-
line-4-carboxamides were also described as serotonin 5-HT;z
antagonists, as inhibitors of caspase-3 and AChE, and as
antimalarial agents.* Tri- and tetracyclic quinolines that dis-
play antiproliferative activities, caspase-3 inhibition, or 5-HTj3
affinity have also been reported.** In addition, isaindigoti-
dione, A (Figure 1), is a recently identified tetracyclic 1,2-
dihydroquinolin-2(1H)-one natural product isolated from the
herbaceous plant Isatis indigotica indigenous to China’s
Changjiang river valley.’

The synthesis of indolizino[7,6-c]quinoline derivates, such
as A, using an intramolecular aldol reaction of glyoxyla-
mides has been reported.® Several synthetic strategies for the
preparation of substituted 2-oxo-1,2-dihydroquinoline-4-
carboxamides B have also been described. However, the
synthesis of tricyclic derivatives C has remained less explor-
ed.*>¢ Unfortunately, many of the reported methods for the
synthesis of C suffer from several disadvantages, including
requiring large excess of reagents, and are only applicable
to generating fused five-membered rings. Herein is reported
a versatile method for the synthesis of tri- and tetracyclic 1,
2-dihydroquinolin-2(1 H)-ones.

A retrosynthetic analysis for 1 is outlined in Scheme 1, where
1is obtained from 2 via cyclization. In turn, 2 can be prepared by
intramolecular aldolisation of N-acylated (2-aminophenyl)-
a-oxoacetic acids 3, which are obtained from isatins and
N-protected aminoacids 4. fert-Butylcarbamate protection of
the aminoacids was chosen because it could be readily removed
during lactam formation under acidic condition.

In order to avoid using an excess of acid to affect isatin
acylation,’ the reaction was initially attempted with a mixed
anhydride. However, the desired acylation was followed by
nucleophilic attack of the isobutyl carbonate byproduct to
give 5 in 71% yield (Scheme 2). Presumably this reaction
resulted from the nucleophilic nature of carbonates® and
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SCHEME 1. Retrosynthetic Analysis of Tri- or Tetracyclic
1,2-Dihydroquinolin-2(1H)-ones 1
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N-acylated isatin’s susceptibility to nucleophilic attack.’
Several other acylation strategies were explored, including
use of the corresponding acid chloride or pentafluorophenol
ester,'” or using various coupling agents (i.e., HBTU,
HATU, and BOP), but all failed to give the desired product
6."" Finally, successful acylation was accomplished with
EDCI. However, the N-acylated isatin 6 was difficult to
purify and therefore was treated with aqueous potassium
carbonate at 100 °C for 1 h, generating 3a in excellent yield
(87%).

Next, the aldol cyclization of 3a to give 2a was studied by
examining various reaction parameters, including the nature
and quantity of base, solvent, and temperature. Utilizing
conditions described in the literature for the synthesis of
3-alkyl-4-carboxyquinolinones (NaOH, H-O, 100 °C, 5 h)!>4
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TABLE 1.  Optimization of the Aldol Reaction
CO,H COH H
(0] N
I N Boc
NH
H N~ ~O
OM N-Boc H
3a 2a
equiv temp (°C), yield”
entry base of base solvent time (h) (%)
1 NaOH 2 H,0 100, 12 trace
2 NEt; 2 DMF 80, 4 0
3 DBU 2 DMF 80, 4 0
4 NaH 2 THF 60, 2 0
5 -BuOK 2 THF 60, 2 0
6 NaH 2 DMF 80, 4 49"
7 -BuOK 2 DMA 80, 4 67
8 -BuOK 2 CH;CN 80, 4 53
9 1-BuOK 2 dioxane 80, 4 33
10 -BuOK 2 DMF 80, 4 77
11 -BuOK 1 DMF 80, 4 0
12 -BuOK 3 DMF 80, 4 88
13 -BuOK 4 DMF 80, 4 53
14 -BuOK 3 DMF rt, 72 24
15 ~-BuOK 3 DMF 60, 4 70
16 -BuOK 3 DMF 100, 4 81

“Isolated yield. *Conversions determined by HPLC.

gave only trace amounts of 2a (Table 1, entry 1). No cyclized
product was obtained with organic bases such as NEt; or DBU
(entries 2 and 3). Likewise, stronger bases such as NaH or
t-BuOK in THF were not effective (entries 4 and 5). However,
when these bases were used in DMF or DMA, 2a was obtained
(entries 6, 7, and 10). However, in solvents such as 1,4-dioxane
or CH;CN, yields generally were lower (entries 8 and 9).

Next, the quantity of base required for cyclization was
examined. No reaction was observed with 1 equiv of -BuOK
(entry 11). The highest yield was obtained with 3 equiv of
t-BuOK (entry 12), whereas further increasing the quantity
of base did not improve the yield (entry 13). Finally, the
reaction temperature was also determined to be important
with 80 °C being best (entries 12, 14—16). In summary, the
aldol reaction of 3a to give 2a was optimal with -BuOK
(3 equiv) in DMF for 4 h at 80 °C.

With the optimized conditions identified, the scope of the
reaction with respect to the aminoacid substrate was exam-
ined. Acylation and aldol reaction of the corresponding
N-acylated isatins showed remarkable tolerance to a range
of aminoacids with markedly different steric and electronic
properties (Table 2, entries 1—13). For example, using
various f3-, v-, 0-, or e-N-Boc-protected aminoacids resulted
in the generation of 2 in moderate to high yields. With some
N-Boc-protected secondary aminoacids or an anilino acid,
slightly lower yields were obtained (entries 6, 8, 10—12).
Aminoacids containing substituents on the - or y-position
of the aliphatic chain were also tolerated in the aldol reaction
(entries 9—12).

The last step for the synthesis of tri- or tetracyclic 1,2-
dihydroquinolin-2(1 H)-ones was lactam formation. Three
different methods were used, depending on the substrate.
The first method required an initial deprotection of the
N-protected carbamate with TFA followed by EDCI-mediated
cyclization (Table 2, method A). The other two methods
involved direct one-pot processes. For example, method
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B simply involved refluxing the substrate in ethanol in the
presence of a catalytic amount of sulfuric acid. In method C the
substrate was heated at 80 °C in neat sulfonyl chloride.
y-Lactams 1b, 1f and 1i were obtained in good yields using
method B (entries 2, 6, and 9). In contrast, 1b was obtained in
only 32% yield using method A, and no cyclization was
observed with method C. Surprisingly, when the terminal
nitrogen was substituted with a benzyl group, 1e was obtained
in 89% yield using method C (entry 5). Concerning d-lactam
synthesis, 1a and 1g were obtained using method A in 57% and
80% yields, respectively (entries 1 and 7). However, method C

was more efficient for 1g (entry 7). The syntheses of seven- or
eight-membered ring lactams starting from primary amines
were unsuccessful (entries 3 and 4). Nevertheless, when the
terminal nitrogen was substituted with a benzyl group, lactam
formation was performed using method C generating 1h in
73% yield (entry 8). Method C was also useful to synthesize
tetracyclic quinolinones 1j, 1k, and 11 in good yields (entries
10—12).

To further study the scope of this overall process, the effect
of substituents on the aromatic ring of the isatin was briefly
examined. Both electron-withdrawing and electron-donating
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TABLE 3.  Substrate Scope of Isatins
CO.H
1) EDCI, DMAP
N )\A CH2012 t, 3h Ra—'\ o
7 T 2)KC00 1O ZSNH ;
100°C, 1 h o “Boc
3m-q
COH O
tBUOK, DMF N .
80°C, 4h Ra_:/\iﬁi\/ Boc caEtOZH 4 L NN
Z NS0 —— LA
H 80°C, 1h N
2m-q m-q
yield” (%)
entry R, 3 2 1
1 4-Cl m 91 62 0
2 5-Cl n 04 73 80
3 6-Cl 0 90 74 78
5 5-OMe q 38 58 81
“Isolated yield.
SCHEME 3
N
GOH N-Me- o
d@\ Boc_ 500 2t DMF_ SOCl,, cat. DMF @?@ piperazine \
N"So 80°C, 1h 100°C, 18 NN
H 82% 7% K/N‘Me
3k s

substituents in either the 5- or 6-positions of the isatin were
tolerated (Table 3, entries 2, 3, and 5). However, introduction
of a chlorine in the 4-position of the isatin prevented cycliza-
tion to the corresponding y-lactam (entry 1), whereas intro-
duction of the chlorine at the 7-position of the isatin did not
permit the initial N-acylation (entry 4). Presumably steric
hindrance was responsible for both of these effects.

Interestingly, addition of a catalytic amount of DMF to
the reaction solution during lactamization using method C
gave the expected lactam but also resulted in the concomitant
conversion of the 2-quinolone to the corresponding 2-chloro-
quinoline. For example, treatment of 3k utilizing these
alternate conditions gave 7 in 82% yield (Scheme 3). This
material upon treatment with N-methylpiperazine under-
went a nucleophilic aromatic substitution to generate 8 in
77% yield.

In summary, an efficient approach to the synthesis of tri-
and tetracyclic quinolin-2(1H)-ones has been developed by
exploiting an intramolecular aldol reaction of N-acylated
(2-aminophenyl)-a-oxoacetic acids followed by lactam for-
mation. Substrates for this sequence of reactions are readily
available or can be easily prepared. This methodology
provided access to various substituted tri- and tetracyclic
quinolin-2(1H)-ones, including a bicyclic analogue. These
compounds can be used for various applications, including
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screening for biological activities. The utilization of this
methodology for the synthesis of additional tri- and tetra-
cyclic quinolin-2(1 H)-ones, including A, are currently under
development.

Experimental Section

General Procedure for the Synthesis of 3a—q. Under argon,
isatin (1 equiv) was added to 4a-1 (1.2 equiv) in CH,Cl, (6 mL/
mmol of isatin) at 0 °C, followed by EDCI (1.2 equiv) and
DMAP (0.1 equiv). The reaction was maintained at room
temperature for 3 h. The solvent was removed in vacuo,
and then the mixture was diluted in EtOAc (20 mL/mmol) and
washed with HCI (I N, 5 mL), satd NaHCO; (2 x 5 mL), and
brine (5 mL). The organic layer was dried over Na,SOy, filtered,
evaporated, and concentrated. To this material was added water
(10 mL/mmol) following by K>COj3 (2 equiv), and the mixture
was heated at 100 °C for 1 h. After cooling to 0 °C, the reaction
was acidified with HCI (1 N). The aqueous solution was
extracted with EtOAc (2 x 20 mL). The organic layers were
combined, washed with brine, dried over Na,SO,, filtered,
and evaporated. The crude product was purified by chromato-
graphy on silica gel (3 to 20% MeOH in CH,Cl,) to yield a
yellow solid.

General Procedure for the Synthesis of 2a—q. To a solution
under argon of 3a—q (1 equiv) in DMF (10 mL/mmol) was added
t-BuOK (3 equiv). The mixture was heated to 80 °C for 4 h. After
cooling to 0 °C, HCI (1 N) was added until pH 3. The solution was
extracted with EtOAc (2 x 20 mL). The organic layers were
combined, washed twice with 10% aqueous LiCl (5 mL) and
brine, dried over Na,SO,, filtered, and evaporated. The crude
product was purified by chromatography on silica gel (5—20%
MeOH in CH,Cl, + AcOH 0.5%) to yield a yellow solid.

2,3,4,6-Tetrahydro-benzo[c][2,6|naphthyridine-1,5-dione (1a).
A solution of 2a (0.5 mmol) in CH,Cl,/TFA (1:1 v/v) was stirred
at room temperature for 30 min. The solvent was removed. Then
the crude product was dissolved in DMF (5 mL/mmol), and
EDCI (1.2 equiv) was added, following by NEt; (2 equiv). The
reaction was stirred at room temperature for 24 h. The solvent
was removed, and the crude product was dissolved in MeOH.
SiO; (5 g) was added, and then the mixture was evaporated to
dryness before purification by silica gel chromatography (2—5%
MeOH in CH,Cl, + AcOH 1%) to yield a white powder (61 mg,
57%). '"H NMR (DMSO-dg) 8: 12.06 (s, 1H), 8.82 (d, J = 8.0
Hz, 1H), 8.33 (s, 1H), 7.47 (t,J = 8.5Hz, 1H), 7.33 (d, J = 8.5
Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 3.23 (t, J/ = 7.5 Hz, 2H), 2.75
(t,J = 7.5Hz, 2H); >*C NMR (DMSO-d;) 6:163.7, 160.5, 137.9,
134.5,133.1,129.4,127.0,121.8,116.5, 115.3,37.7,22.5; HRMS
(MALDI-TOF) calcd for C,H;;N,O, [M + H]™: 215.0815.
Found: 215.0820.
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