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ABSTRACT

Although 4-hydroxyquinolin-2(1H)-one derivatives have attractedmuch attention due to their biological benefits, conventional reactions under harsh
heat conditions must be employed to provide these key compounds. In the presence of a catalytic amount of silver salt, various o-alkynylanilines
were treated with carbon dioxide and a base under mild reaction conditions to afford the corresponding 4-hydroxyquinolin-2(1H)-one derivatives in
high yield.

Interest in 4-hydroxyquinolin-2(1H)-one derivatives
has been growing due to their potential biological benefits.
Studies on theirmedicinal properties have been promising,
for example, in treatment of central nervous system dis-
orders,1 sex hormone-related conditions,2 and suppression
of allergy-associated inflammations,3 and some of their
derivatives have been reported as HIV-1 inhibitors.4 Their
preparations have been based on conventional heterocyclic
chemistry including nucleophilic addition�elimination

reactions under harsh heat conditions, such as the reaction
of 4-halocarbostyril with potassium hydroxide,5 or an
aniline derivative and a carbonyl compound with high
leaving-group ability.6

The rearrangement reaction is one of the most effective
strategies for the preparation of heterocycles in industrial
and academic laboratories. Various complex natural pro-
ducts and pharmaceutical agents have been synthesized by
drastic transformation of themolecular framework induced
by a rearrangement reaction.7 Among these rearrangement
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reactions, isocyanates havebeen employedas effective inter-
mediates because of their high reactivity,8 e.g., in Schmidt
rearrangement,9 Hofmann rearrangement,10 Curtius
rearrangement,11 Lossen rearrangement,12 and Bucherer�
Bergs reaction.13

We recently reported the silver-catalyzed preparation
of benzoxazin-2-one derivatives from o-alkynylaniline de-
rivatives and carbon dioxide.14 It was considered that the
amino group and carbon dioxide would form the corre-
sponding carbamate followed by 6-exo-dig cyclization on
the alkyne activated by a silver catalyst. Upon optimiza-
tion, it was found thatDBUwas themost effective base for
the reaction of secondary o-alkynylanilines to afford the
corresponding benzoxazin-2-one derivatives in high yield
(eq 1). However, for primary o-alkynylanilines, DABCO
was the most suitable base (eq 2). When DBU was
employed for the reaction of primary o-alkynylanilines,
the corresponding products were not obtained at all (eq 3);
nevertheless, the starting material was completely con-
sumed. After carefully investigating the reaction mixture,
4-hydroxyquinolin-2-onewas surprisingly generated as the

sole product. Single-crystal X-ray diffraction analysis
revealed the structure of this product (Figure 1).15 A
few quinoline syntheses from o-alkynylaniline deriva-
tives have been reported, for example, using Masamune�
Bergman type cyclization of enyne-isocyanates synthesized
from o-alkynylanilines,16 carbocyclization of N-(o-alkynyl)-
malonamides with base17a or an electrochemical method,17b

and Michael Addition of NH group of carbamate to con-
jugated enones from alkyne-carbonyl metathesis of o-alky-
nylanilines and aldehydes.18 These reactions are considered
to be conceptually different from the present reaction with
carbon dioxide incorporation and rearrangement. Herein,
we would like to report an efficient preparation of 4-hydro-
xyquinolin-2(1H)-onederivatives fromo-alkynylanilinesand
carbon dioxide.

Scheme 1 shows the hypothetical reaction mechanism
to explain these observations. First, the corresponding
benzoxazin-2-one would form from the o-alkynylaniline
and carbon dioxide catalyzed by the silver catalyst. In
the second step, the benzoxazine would immediately be
deprotonated with DBU base to generate the isocyanate
and the enolate fromC�Obond cleavage of the carbamate
functionality. The enolate would then attack the carbon
atom of the isocyanate to afford the 1,3-diketone inter-
mediate,whichwould produce the corresponding 4-hydro-
xyquinolin-2(1H)-one after enolization. Thus, in this pro-
posedmechanism, a newC�Cbond is formedwith carbon
dioxide. It is expected that the corresponding quinoline
derivative should contain carbon dioxide.
On the basis of our previous report, if a benzoxazin-2-

one is formed as an intermediate, a silver-catalyzed process
shouldbe required.Variousmetal salts expected toactivate

Figure 1. Single-crystalX-raydiffraction analysis for2a0. Thermal
ellipsoids are shown at the 50% probability level. The single
crystal was obtained after methylation of 2a with trimethyl-
silyldiazomethane.
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the C�C triple bond were examined (Table 1). In the
absence of any metal salts, the corresponding hydroxy-
quinoline was not obtained (entry 1). Although copper(I),
rhodium(III), palladium(II), platinum(II), and gold(I)
salts were expected to activate the C�C triple bond, the
corresponding products were not afforded at all (entries
2�6). Silver(I) nitrate effectively promoted the reaction in
DMSOorMeCN(entries 7 and12). Thehydroxyquinoline
was generated in good yield in toluene or THF; however,
the reaction proceeded inadequately in EtOH or DCE
(entries 8�11). Under atmospheric pressure of carbon
dioxide, the product was afforded in MeCN or DMSO;
however, a longer reaction time was required in MeCN
compared to DMSO (entries 13 and 14). It was found that
other silver salts also promoted the reaction to produce the
corresponding 4-hydroxyquinolin-2(1H)-one derivative in

highyield (entries 15�17). These resultswould suggest that
a silver salt effectively activates the C�C triple bond to
generate a benzoxazin-2-one from the o-alkynylaniline and
carbon dioxide in the earlier stage of the reaction.
Isotopic labeling experiments with C18O2 were con-

ducted to reveal whether the quinoline contained carbon
dioxide (Scheme 2). As a result, the 18O-labeled quinoline
(MW 242) was detected by mass spectral analysis, and
the nonlabeled quinoline (MW238)was not detected at all,
which strongly suggested that the quinoline was derived
from the o-alkynylaniline and carbon dioxide. In addition,
in situ IRmeasurement of the reaction of the benzoxazin-2-
one andDBUwas carriedout.AfterDBUwas added to the
THF solution of the benzoxazine, absorption at 2150 cm�1

assigned as isocyanate group was observed.19 This result
would also support the proposed reaction mechanism.

Under the optimized reaction conditions, various o-alky-
nylaniline derivatives were applied to the C�C bond-form-
ing carbon dioxide incorporation reaction (Table 2).
In the presence of 10 mol % of AgNO3 and 1.0 equiv of
DBU under atmospheric pressure of carbon dioxide in
DMSO, aniline derivative 1awas transformed into 4-hydro-
xyquinoilne-2-one derivative 2a in excellent yield (entry 1).
Anilines with substituents (R1) at the para-position rela-
tive to the amino group were next subjected to the reaction.
When o-alkynylaniline 1b substituted with an electron-
donating group on the phenyl groupwas employed, the cor-
responding product 2bwas obtained in high yield (entry 2).
The 4-hydroxyquinoline derivatives with electron-with-
drawing groups at the 6-position, 2c, 2d, and 2e, derived
from 1c, 1d, and 1e, respectively, were also generated
in high to excellent yields (entries 3�5). The meta- and
ortho-substituted substrates 1f and 1g were converted
into the corresponding products 2f and 2g in high yields

Scheme 2. Isotopic Labeling Experiments with C18O2

Scheme 1. Hypothetical Reaction Mechanism

Table 1. ExaminationofMetal Salts andConditionOptimization

entry metal salt solvent X/MPa yielda (%)

1 none DMSO 1.0 0

2 CuI DMSO 1.0 0

3 RhCl3 33H2O DMSO 1.0 0

4 PdCl2 DMSO 1.0 0

5 PtCl2 DMSO 1.0 0

6 AuCl DMSO 1.0 0

7 AgNO3 DMSO 1.0 94

8 AgNO3 tolune 1.0 82

9 AgNO3 EtOH 1.0 9

10 AgNO3 DCE 1.0 3

11 AgNO3 THF 1.0 70

12 AgNO3 MeCN 1.0 93

13b AgNO3 MeCN 0.1 93

14 AgNO3 DMSO 0.1 97

15 AgBF4 DMSO 0.1 91

16 AgOC(O)CF3 DMSO 0.1 95

17 AgOAc DMSO 0.1 92

a Isolated yield. bThe reaction was carried out for 48 h.

(19) The details about the experiment were described in the Support-
ing Information.
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despite the steric hindrance of the substituents (entries 6�7).
The highly conjugated aniline derivative 1h was also an
excellent substrate for this reaction, and the corresponding
three-ring fused compound 2hwas produced quantitatively
(entry 8).
Substituents R2 on the alkynyl terminal were examined

next. The substratewith terminal alkyne 1iwas transformed

into quinoline derivative 2i containing the trisubstituted
olefin in 75% yield (entry 9). An alkyl group on alkyne 1j
was subjected to the conditions to afford the correspond-
ing 3-alkyl-4-hydroxyquinoline 2j in 69% yield (entry 10).
Substrates with a 2-pyridyl group 1k and a 1-naphthyl
group 1l successfully afforded the corresponding products
2k and 2l, respectively, in excellent yields (entries 11 and 12).
The product having an enone structure 2m derived from the
corresponding ynone-substituted aniline 1m was formed in
satisfactory yield.
SubstituentR3 effects were examined on the phenyl ring

attached to the alkyne terminus. An electron-donating
group at the para-position 1n afforded the corresponding
product 2n quantitatively. Substrates with electron-with-
drawing groups, e.g., nitro 1o or trifluoromethyl 1p, were
subjected to the reaction conditions to produce the quino-
line derivatives 2o and 2p, respectively.
In conclusion, we developed a conceptually new syn-

thetic method of 4-hydroxyquinolin-2-one derivatives,
which have been reported as biologically active com-
pounds for treatment of several diseases, from o-alkyny-
lanilines, DBU, silver catalyst, and atmospheric pressure
of carbon dioxide under mild reaction conditions. The key
step in the reactionmechanism isproposedas the generation
of the isocyanate and the enolate through C�O bond
cleavage and new C�C bond formation induced by depro-
tonation of the amide after formation of the benzoxazin-2-
one. The obtained quinoline derivatives were composed of
the starting o-alkynylaniline and carbon dioxide as revealed
by isotopic labeling experiments. Various substrates could
be subjected to the optimized reaction conditions and
smoothly transformed into the corresponding quinoline
derivatives in high yields. Further applications are currently
being investigated in our laboratory.

Note Added after ASAP Publication. Scheme 2 contained
an error in the version published ASAP on July 2, 2013;
the correct version reposted on July 9, 2013.

Supporting Information Available. Experimental proce-
dure and analytical data for new compounds. This mate-
rial is available free of charge via the Internet at http://
pubs.acs.org.

Table 2. CO2 Incorporation with C�C Bond Formation
through Intramolecular Rearrangement with Various
o-Alkynylaniline Derivatives

a Isolated yield.
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