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tylammonium chloride-triggered 6-endo cyclization of o0-alkynylisocyanobenzenes, which are generated
in situ by dehydration of the corresponding N-(2-ethynylphenyl)formamides.
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Numerous methods for the preparation of quinoline derivatives
have been developed due to their broad spectrum of biological
activities such as antimalarial, antibacterial, antidiabetic, and
anti-inflammatory.! But many of these methods suffer from the
drastic reaction conditions such as high temperatures, prolonged
reaction times, the need for strong bases or acids, and also unsat-
isfied yields. Since quinoline derivatives have become increasingly
useful and important in drugs and pharmaceuticals, the develop-
ment of more efficient and environmentally benign approaches is
desirable.

Radicals- or nucleophiles-triggered 5-exo or 6-endo cyclization
of functionalized o-alkynylisocyanobenzenes has recently been
recognized as an efficient strategy for the synthesis of indole- or
quinoline-containing heterocycles.> We wish to report herein a
highly efficient one-pot procedure for the synthesis of 2-chloro-
3-substituted quinolines by chloride-triggered 6-endo cyclization
of o-alkynylisocyanobenzenes generated in situ by dehydration of
the corresponding N-(2-ethynylphenyl)formamides. 2-Chloro-3-
substituted quinolines are ideal precursors for the synthesis of
diversified 2,3-disubstituted quinolines by heteroatom substitu-
tion or transition metal-catalyzed carbon-carbon bond formation
at C-2.2 2-Chloroquinolines are usually prepared by the chlorina-
tion of 2(1H)-quinolones, using excess amount of phosphorus oxy-
chloride under reflux,>® or from 2-vinylanilines in nitrile solvents
in the presence of diphosgene,* or from acylanilides under the Vils-
meier conditions.’

During the course of synthesizing 2-(2-phenylethynyl)isocy-
anobenzene 2a, we noticed that 2a was very unstable in high con-
centration, although the TLC indicated that the dehydration of 1a
was complete and clean in solution (Scheme 1, Eq. 1).° One major
by-product whose '"H NMR and MS spectra matched the structure
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Scheme 1. Formation of 2-(2-phenylethynyl)isocyanobenzene 2a and Suzuki
reaction of 3a.

of 2-chloro-3-phenylquinoline 3a was isolated. The isolated yield
was about 45% based on 1a. The structure of 3a was further con-
firmed by Suzuki coupling to provide 2,3-diphenylquinoline 4 in
93% yield (Scheme 1, Eq. 2). "TH NMR and 3C NMR spectra of 4 were
identical with the literature reports.’

We rationalized that the chloride was from diisopropylethyl-
amine hydrochloride formed during dehydration of 1a with POCls,
as well as hydrolysis of excess POCl3 during work-up. The isolated
yield (45%) was relatively high considering the low concentration
of chloride (most of the chloride should remain in aqueous phase).
Therefore, the chloride-triggered 6-endo cyclization of 2a should be
very efficient. We speculated that in the presence of extra source of
chloride, 3a could be formed predominantly. After the formation of
2a was complete at 0 °C for 1 h, 1.5 equiv of n-BusNCI was added
directly to the reaction mixture. The desired cyclization product
3a was isolated in almost quantitative yield after heating at 40 °C
overnight (Table 1, entry 1).
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Table 1

One-pot synthesis of 2-chloro-3-substituted quinolines 3 from N-(2-ethynylphenyl)formamides 1*
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Entry 1 Temp. (°C) Time (h) 3 Yield® (%)
1 1a 40 15 N I 97
R;=H, R, =Ph &
N Cl 3a
X
2 1bR;=H, 40 15 _ 97
R, = n-Bu N~ Cl 3b
3 1cR; = H, 60 16 Qjﬁ:k 96
Ry =t-Bu Z
N™ Cl 3¢
4 1d R, =H, 40 12 X 93
R, = cyclohexyl Z
N™ °C 3d
5 1e Ry =H, 40 15 Qjﬁ/\/& )
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X o/
6 1fR; =H, 40 15 = 89
R, = CH,OMe N Cl 3f
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X
8 1h R, =H, 40 15 P 91
R, = CH,Ph N~ cl 2h
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R; = 4-MeCgH, P
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Table 1 (continued)
Entry 1 Temp. (°C) Time (h) 3 Yield® (%)
<48
11 1k R; =H, 40 5 X 90
Ry = 4-CICgHy P
N- °Cl 3k
12 11R, =H, 40 3 N I Cl 98
R, = 3-CICGH, _
N- °Cl 3
Oy
13 1mR; =H, 40 15 X 99
R, = 4-BrCgH, P
O CO,Me
14 1nR,=H, 40 1.5 N 95
R, =4-Me0,CCgH4 _
N Cl 3n
(0]
15 10 R, =H, 40 15 O 93
R, = 4-AcCeH,4 o~
~
N~ °Cl 30
H
NT(
16 1p R, =H, 40 5 N O ¢} 94
Ry = 4-AcHNCgH4 O
~
N~ °Cl 3p
17 1q R, = Me, 40 24 N l 94
R, = 4-MeCgH, _
N- C 3q
. g
18 1r R, =Cl, 40 24 X 94
R, = 4-MeCgH,4 P
N™ °Cl 3r
19 1sR;=H, 60 24 0
R, =TMS

2 Reaction conditions: N-(2-ethynylphenyl)formamides 1 (0.5 mmol), (i-Pr),NEt (3.0 mmol), POCl3 (1.0 mmol), CH,Cl, (10 mL), 0 °C for 1-2 h; n-BusNCl (0.75 mmol), 40-

60 °C, 1.5-24 h.
b Isolated yield.

The one-pot protocol was applied to other substrates to verify
its scope and limitation (Table 1).2 The reaction worked very well
with various alkyl substituents (entries 2-8), albeit higher temper-
ature was required for sterically hindered tert-butyl-substituted al-
kyne 1c (entry 3). Functionalities such as cyclopropyl and ethers
were tolerated (entries 5-7). The reaction worked equally well
with aryl-substituted alkynes (entries 9-16). Both electron-donat-
ing and electron-withdrawing substituents delivered the products
in excellent yields. Aromatic ring bearing carboxylic ester, ketone,

or amide also survived (entries 14-16). Methyl and chloro substit-
uents para to the isocyano group did not affect the cyclization at all
(entries 17 and 18). The current two-step one-pot strategy pro-
vides a highly efficient approach to 2-chloro-3-diversified quino-
lines. The only exception that failed under the same reaction
conditions is trimethylsilyl-substituted o-alkynylisocyanobenzene
2s (entry 19). Compound 2s is probably the most stable one among
the other types of compounds. It can even be stored in its pure
form which is unstable for most other o-alkynylisocyanobenzenes.
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Scheme 2. Synthesis of the core structure of camptothecin 11.

Steric hindrance as well as electronic effect may contribute to its
stability.

Camptothecin (CPT, 12, Scheme 2) is a naturally occurring quin-
oline alkaloid having remarkable antitumoral and antileukemic
activity targeting DNA topoisomerase 1.° The core structure of
camptothecin family 11 can be constructed efficiently by intramo-
lecular Heck reaction of the key intermediate 1-((2-chloroquinolin-
3-yl)methyl)pyridinone 10.'° Compound 10 was obtained in 60%
overall yield from formamide 9 by applying the current one-pot
strategy. Sonogashira coupling of o-iodoaniline 5 with N-propargy-
lated-2-pyridinone 6 afforded 7, followed by formamide formation
in high yield.

In summary, we have demonstrated a highly efficient one-pot
two-step strategy for the synthesis of 2-chloro-3-substituted
quinolines from in situ dehydration of N-(2-ethynylphenyl)forma-
mides, followed by tetrabutylammonium chloride-triggered 6-
endo cyclization of the resulting o-alkynylisocyanobenzenes. A
wide range of substituents and functionalities can survive under
the reaction conditions and the yields are excellent. The current
strategy avoids using excess phosphorus oxychloride and multi-
step preparation of starting materials. The chloride on C-2 of
quinolines is active enough to undergo palladium-catalyzed
cross-couplings, such as intramolecular Heck reaction, to make
the core structure of camptothecin.
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