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One-pot Synthesis of Highly Functionalizable 3-(Phenylsulfonyl)-2,3-dihydro-4(1H)-quinolinones
via a Cu-catalyzed Aza-Michael Addition/Cyclization Reaction
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A straightforward and mild one-pot method used for the
synthesis of 3-(phenylsulfonyl)-2,3-dihydro-4(1H)-quinolinones
via a Cu-catalyzed aza-Michael addition/base-mediated cyclization
reaction is described. Addition of a range of readily available 2-
aminobenzoates to phenyl vinyl sulfone was catalyzed by 5 mol %
of a Cu complex at ambient temperature, followed by cyclization
with KO#-Bu at 0 °C to afford new versatile 3-sulfonyl-substituted-
2,3-dihydro-4(1H)-quinolinones in good yield (53-99%).
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2,3-Dihydro-4(1H)-quinolinones serve as valuable building
blocks in medicinal chemistry and useful intermediates in
synthetic organic chemistry.! Due to the importance of 2,3-
dihydro-4(1H)-quinolinones, various approaches towards their
synthesis have been studied.? Commonly used methods are
Bronsted acid- or Lewis acid-catalyzed annulations including
the Friedel-Craft cyclization of N-aryl-substituted f-amino acid
derivatives,? rearrangement of N-aryl-substituted B-lactams,*
intramolecular Michael addition of aniline derivatives,” and
SNAr cyclization of fluoroaryl-substituted aminopropanones.® In
addition, organocatalysis plays an important role in synthesizing
2,3-dihydro-4(1H)-quinolinones under mild reaction conditions;
for example, the cyclization of 2-aminoacetophenone and
aldehydes in the presence of chiral aminocyclodextrins or a
proline catalyst’ or intramolecular conjugate addition catalyzed
by a chiral thiourea or thiazolium salt.® Another strategy uses
palladium catalysts to promote the intramolecular cyclocarbonyl-
ation of 2-iodoanilines with a,B-unsaturated olefins and CO gas to
afford highly functionalized 2,3-dihydro-4(1H)-quinolinones.’
Despite the above-mentioned advances, only a few examples of
the synthesis of functionalized 3-substituted-2,3-dihydro-4(1H)-
quinolinones have been reported and new synthetic approaches
are still required.

We have recently investigated a mild and efficient synthesis
of N-aryl-substituted f-aminosulfones using a Cu-catalyzed aza-
Michael addition of aromatic amines to vinyl sulfones.'®
Inspired by this recent discovery, we envisioned that 3-amino-
sulfone 3a derived from the addition of methyl anthranilate (1a)
to phenyl vinyl sulfone (2) could be used as a precursor for the
preparation of 3-sulfonyl-substituted-2,3-dihydro-4(1H)-quino-
linone 4a via the cyclization of the in situ generated 3a with
base in a single vessel (Scheme 1). Herein, we describe a facile
and convenient approach to the synthesis of 3-sulfonyl-sub-
stituted-2,3-dihydro-4(1H)-quinolinones via a one-pot sequential
process that involves a Cu-catalyzed aza-Michael addition
reaction followed by cyclization of the resulting f-aminosulfone
under mild reaction conditions. A range of readily accessible
2-aminobenzoates and a vinyl sulfone can be used to obtain
a variety of synthetically useful 3-sulfonyl-substituted-2,3-
dihydro-4(1H)-quinolinones in good to excellent yield.

NH, "
t. CuCI/DPEPh N H
@ A ot " 80,Ph N
COzMe cat. KOt-Bu base
e —— —
1a toluene, 22 °C COzMe SO,Ph

+

[e]
3a
2 S0,Ph 4a
2 3-(phenylsulfonyl)-

2,3-dihydro-4(1H)-quinolinone

Scheme 1. The synthesis of 3-sulfonyl-substituted-2,3-dihydro-
4(1H)-quinolinone 4a.

Table 1. Optimization of the one-pot reaction conditions®

NH,
5 mol % CuCl H
OMe 5 mol % DPEPhos

(I e N
5 mol % KOt-Bu \/\SOQPh base
+ O 1a e
toluene, 22 °C, 5 h THF SO,Ph
Z>S0,Ph 0.52h o)
2 4a

Entry Base (equiv) T/eonép Tl/r}?e Toluene:THF S;t;jbd
1 KOr#-Bu (3.0) 22 05 1:0 6
2 KO#-Bu (3.0) 22 05 1:2 71
3 LiO#-Bu (3.0) 22 05 1:2 <2
4 NaOt-Bu (3.0) 22 05 1:2 34
5 KO#-Bu (1.5) 22 05 1:2 52
6 KO#Bu (3.0) —-78 2 1:2 48
7 KO#-Bu (3.0) 0 1 1:2 75
8 KO#-Bu (3.0) 0 1 1:3.3 93

#Reaction conditions: Anthranilate 1a (0.36 mmol), vinyl
sulfone 2 (0.30mmol), CuCl (0.015mmol), DPEPhos
(bis[(2-diphenylphosphino)phenyl] ether, 0.015 mmol), KO¢-
Bu (0.015 mmol), toluene (1.5 mL) under N,. "Determined by
'"HNMR spectroscopy using 1,3,5-trimethoxybenzene as an
internal standard.

Our study commenced with the optimization of a one-pot
synthesis of 3-sulfonyl-substituted-2,3-dihydro-4(1H)-quinoli-
none 4a as summarized in Table 1. Guided by the conditions
previously optimized for the Cu-catalyzed aza-Michael addi-
tion,'® anthranilate 1a was treated with vinyl sulfone 2 in the
presence of 5 mol % of CuCl, DPEPhos, and KO#-Bu in toluene
at room temperature, generating [-aminosulfone 3a with
complete conversion. Then, it was directly reacted with KO-
Bu to perform the base-mediated intramolecular cyclization to
afford a new type of 2,3-dihydro-4(1H)-quinolinone 4a. As a
result shown in Entry 1 of Table 1, the desired sequential
process proceeded, but a low yield of product 4a was obtained
due to the poor cyclization reaction observed using toluene as
the reaction solvent. When THF was added in the cyclization
step, the desired product 4a was obtained in 71% yield
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Table 2. Substrate scope of 2-aminobenzoates 1*

5 mol % CuCl
mSOZPh

5 mol % DPEPhos

NHz 5 mol % KOt-Bu
OMe + /\SOZPh toluene, 22 °C, 3-20 h;
R 3.0 equiv KOt-Bu

o
1 2 THF,0°C, 1h
H H
N N
CQQ\SOQPh /ng\soz% F/(:;g\sozPh
o] o)
4a (89%, 5 h) b (84%, 5 h) 4c (75%, 5 h)
H H
N N N
c/@%soyh Br/©;g\SOZPh I/(:;g\SOZPh
o) o)
4d (74%, 5 h) e (64%, 5 h) 4 (60%, 12 h)
H Me
N N
Meo/g;g\sozph msozPh SO,Ph
o) o
4g (>99%, 3 h) 4h (>99%, 3 h) 4 (24%, 16 h)
F
H
cl N
SO,Ph SO,Ph msozph
o]
4j (64%, 20 h) k (73%, 16 h) 21 (53%, 16 h)
H H
Br N N
msozPh SO,Ph
o) F (e}

4m (65%, 16 h)? 4n (60%, 16 h)

®Reaction conditions: 2-Aminobenzoate 1 (0.36 mmol), vinyl
sulfone 2 (0.30 mmol), CuCl (0.015 mmol), DPEPhos (bis[(2-
diphenylphosphino)phenyl] ether, 0.015mmol), KO#Bu
(0.015 mmol), toluene (1.5mL) under N,. In the cyclization
step, KO#Bu (0.9 mmol) and THF (5mL) were added. The
values in parenthesis show the yields after purification and
reaction times for the aza-Michael addition, respectively.
®10mol % CuCl was used.

(Entry 2). In order to improve the efficiency of the one-pot
synthesis, different alkoxide bases, equivalents of base, and
reaction temperatures for the cyclization were screened (Entries
3-8). It was found that a lower reaction temperature in the
second step (0°C vs. 22°C) was more effective in decreasing
the formation of unidentified by-products, and KO#-Bu was
identified as the optimal base. Finally, when the cyclization was
performed with 3 equiv of KO#-Bu in a 1:3.3 ratio of toluene
and THF as solvent at 0 °C for 1h, the one-pot sequential Cu-
catalyzed conjugate addition—cyclization provided 3-sulfonyl-
substituted-2,3-dihydro-4(1H)-quinolinone 4a with high effi-
ciency (93% yield, Entry 8).

Under the optimized reaction conditions used for the one-
pot process, the substrate scope of 2-aminobenzoates 1 was
examined as shown in Table 2. A variety of readily available
2-aminobenzoates were reacted with vinyl sulfone 2 using the
catalytic system of 5mol% Cu complex in toluene at room
temperature to generate the intermediate 3-aminosulfones, which
were cyclized using 3 equiv of KO#-Bu in THF. Although there

are some exceptions, a new type of 3-sulfonyl-substituted-2,3-
dihydro-4(1H)-quinolinones 4 was obtained in good to excellent
yield. When 2-aminobenzoates 1b-le including a methyl-,
fluoro-, chloro-, and bromo-substituent in the para-position were
used, the Cu-catalyzed conjugate addition reactions proceeded
efficiently to give complete conversion within 5h and the
subsequent cyclization step afforded the desired dihydroquino-
linones 4b—4e in 64-84% yield. However, the reaction with
para-iodo-substituted aminobenzoate 1f was not efficient; a
longer reaction time (Sh vs. 12h) for the catalytic amination
reaction was required and a moderate yield was obtained (60%
yield of 4f). The electron-donating methoxy group affected the
high reactivity, affording the 3-sulfonyl-substituted-2,3-dihydro-
4(1H)-quinolinones 4g and 4h in >99% yield within 3h. The
use of the sterically demanding aminobenzoate 1i bearing a
methyl group in the ortho-position gave a poor yield of product
4i (24% yield) due to the sluggish amination reaction (40%
conversion). Methyl 2-aminobenzoates bearing a fluoro-, chloro-,
and bromo-substituent in the ortho- or meta-position were also
transformed to the corresponding dihydro-4(1H)-quinolinones
4j—4n in 53-73% yields. It was noted that catalytic conjugate
additions of ortho- or meta-halo-substituted starting materials to
alkene 2 did not undergo full conversion, although the reaction
time was prolonged (16-20h vs. 3-5h) or a higher catalyst
loading was used (10mol % CuCl for 4m vs. 5mol % CuCl).
Thus, the yields of products 4j—4n were moderate.

The resulting 3-sulfonyl-substituted-2,3-dihydro-4(1H)-
quinolinones can be transformed to other valuable synthetic
building blocks. For example, the phenylsulfonyl group on the
product was easily cleaved under radical reduction conditions
to form 2,3-dihydro-4(1H)-quinolinones as illustrated in
Scheme 2.!! Treatment of 4a or 4h with »n-Bus;SnH and
azobisisobutyronitrile (AIBN) provided the corresponding de-
sulfonylated products 5 and 6 in 90-92% yield.

The synthetic utility of this methodology was demonstrated
by the synthesis of the 5,6-dihydrophenanthridine derivative 8,
which is a useful structural motif found in biologically active
molecules and natural products (Scheme 3).'> After N-Boc-
protection of 4h, conjugate addition of B-keto sulfone to methyl
vinyl ketone in the presence of triethylamine afforded the
desired Michael addition product 7 in 86% yield. An intra-
molecular aldol reaction of 7 was then carried out under
pyrrolidine and acetic acid conditions, followed by the elimi-
nation of water and phenylsulfonic acid using p-TsOH to give
pyrrolidine-substituted 5,6-dihydrophenanthridine 8 in 50%
yield.!3
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Scheme 2. Desulfonylation of 3-sulfonyl-substituted-2,3-dihydro-
4(1H)-quinolinones.
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Scheme 3. Aromatization via Michael addition and aldol reactions.
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Scheme 4. The synthesis of 4-chloro-3-(phenylsulfonyl)quinolone.

Finally, the result displayed in Scheme 4 shows that the
3-(phenylsulfonyl)-2,3-dihydro-4(1H)-quinolinones can be used
as building-blocks used to prepare a serotonin 5-HT¢ receptor
antagonist.'"* When 2,3-dihydro-4(1H)-quinolinone 4a was
treated with I, in DMSO, a dehydrogenation reaction occurred
to generate 3-(phenylsulfonyl)-4-quinolinol, which was subse-
quently transformed to 4-chloro-3-(phenylsulfonyl)quinoline (9)
using POClj; at 80 °C in 65% yield. Chloro-substituted quinoline
9 could serve as a precursor for amine-substituted quinoline 10,
which showed higher antagonist activity against 5-HTg receptors
than compound 9.

In summary, we have investigated a facile and mild
synthetic protocol used to prepare new versatile 3-sulfonyl-
substituted-2,3-dihydro-4(1 H)-quinolinones. The synthesis in-
volves a one-pot Cu-catalyzed aza-Michael addition and base-
mediated intramolecular cyclization reaction sequence. The use
of readily available methyl 2-aminobenzoates and vinyl sulfone,
the use of an inexpensive Cu catalyst system and the synthetic
utility of the products make this new methodology attractive.
Further study towards the expansion of substrate scope to other
types of olefins is in progress.
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