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Abstract—A synthetic method to prepare novel phenoxyquinolin-4(1H)-one compounds via cross-coupling of hydroxyquinolin-
4(1H)-one with a variety of phenylboronic acids is reported. The reaction is mediated by copper(Il) acetate at room temperature
in air and is tolerant of several functional groups on the phenylboronic acids.
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Quinolone antibiotics constitute an important class of
pharmaceuticals such as the drugs Ciprofloxacin (1)
and Miloxacin (2) (Fig. 1).! The quinolin-4-(1 H)-one is
the core structural feature that is commonly found in
these antibiotics and other biologically active com-
pounds. Most of the previously synthesized analogs of
quinolone compounds, for example, Ciprofloxacin (1),
have an alkyl group at the nitrogen atom and the alkyl
group was found to play an important role in enhancing
the antibacterial activity.” In an ongoing effort for our
fragment-based in silico drug discovery, we identified
phenoxyquinolin-4(1 H)-one (3) as a key structural fea-
ture that appeared in several protein target focused
libraries. Surprisingly, no synthetic method has been
published for the preparation of the phenoxyquinolin-

4(1H)-one.

O O O O (o]
F y O
L > L ()
NN 0y N
HN A O 5
:R

1 2 3
Figure 1. Ciprofloxacin (1), Miloxacin (2), and phenoxyquinolin-
4(1H)-one (3).
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Copper promoted cross-coupling with arylboronic acids
is emerging as a powerful synthetic method of prepara-
tion of aryl ethers, arylamines, and arylate heterocycles
due to its mild conditions.? Evans et al.* and Chan et al.’
have initially reported the Cu(Il)-mediated cross-cou-
pling of arylboronic acids with phenols at room temper-
ature to produce diaryl ethers. One recent report of
coupling of phenylboronic acid with N-hydroxyphthal-
imide via Cu(I) assisted coupling prompted us to test
its feasibility for the coupling of phenylboronic acids
and hydroxyquinolin-4(1 H)-one.® Based on these re-
ports, we sought to develop a procedure for O-arylation
of hydroxyquinolin-4(1 H)-one with phenylboronic acid
using a copper salt. To the best of our knowledge, the
direct coupling of phenylboronic acid with hydroxy-
quinoline-4(1 H)-one has not been reported. Herein, we
report the synthesis of a novel class of phenoxyquino-
lin-4(1 H)-one compounds by O-arylation of 1-hydroxy-
quinoline with a variety of substituted phenylboronic
acids under mild conditions.

The initial conditions explored were those reported by
Petrassi et al.® for the CuCl-mediated cross-coupling
of N-hydroxyphthalimide with arylboronic acid.
1-Hydroxyquinolin-4(1 H)-one (4) was chosen as the
phenol part because it is readily obtained in a one step
reaction from a commercially available starting material
(4-nitroquinoline N-oxide) by treatment with sulfuric
acid.” One equivalent of 4, 2 equiv of phenylbornic acid,
1.1 equiv of pyridine, and 1 equiv of CuCl were allowed
to react at room temperature in air for 2448 h in
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Table 1. Effect of the copper salt and base on the cross-coupling
reaction product 6a

Table 2. Cross-coupling of 4 with substituted phenylboronic acid (5)
to give O-arylation products 6b-i

o} O
o B(OH), ] B(OH),
copper salt, base ‘ Cu(OAc), (1 equiv), Py (5 equiv) ‘
)+ N * N
N 4A mol sieves, CH,Cl, ) N 4A mol sieves, CH,Cl, )
OH 24-48 h, tt O R 24-48 h, rt \©\
R
4 6a 4 5 6b-i
Entry Copper salt Base Yield (%) Entry R-group Product Yield (%)
1 CuCl Pyridine 0 1 CH; 6b 53
2 CuCl Et;N 0 2 F 6¢ 45
3 Cul Pyridine 0 3 Cl 6d 37
4 Cul Et;N 0 4 Br 6e 35
5 Cu(OAc), Pyridine 60 S CF; 6f 36
6 Cu(OAc), Et;N 43 6 CN 6g 32
7 COCHj; 6h 32
8 OCH; 6i 40

1,2-dichloroethane with 4 A molecular sieves but gave
no desired products (Table 1, entry 1). We then used
Cu(OAc), and employed the conditions reported by
Evans for the coupling of phenol and arylboronic acid.
Under these conditions, 1 equiv of 4, 2 equiv of phenyl-
bornic acid, 5equiv of pyridine, and 1equiv of
Cu(OAc), were allowed to react at room temperature
in air for 24-48 h in methylene chloride with 4 A
molecular sieves to give the desired product (6a) in
60% yield (Table 1, entry 5).® The regiospecificity of
the reaction was assigned on the basis of the '*C
NMR analysis of 6a. The chemical shift at 176.5 ppm
indicated that the carbonyl group is kept intact during
the coupling process.

To establish the reaction conditions further, the effects
of copper salt, base, and solvent were evaluated. The re-
sults of this initial screening are summarized in Table 1.
Cu(OAc), instead of Cu(l) salt is very effective for the
cross-coupling reaction and pyridine is a better base
than triethylamine under this condition (Table 1, entries
5 and 6). A limited examination of the solvents revealed
that methylene chloride is optimal compared to acetoni-
trile and 1,2-dichloroethane. It was also found in our
case that exposure of the reaction to air and the use of
freshly activated 4 A molecular sieves powder increased
the yield of the reaction, which is in accord with others’
observations.” A rationale for the enhancement of the
yield of the reaction by O, and molecular sieves has been
proposed by Evans et al.* and Lam et al.,'” respectively.
Under these generalized conditions,® we were able to
couple 4 with 5 to prepare a series of 1-phenoxyquino-
line-4(1 H)-one (6b—i) in moderate yields (Table 2). Analy-
sis of the reaction mixtures by HPLC/MS and NMR
revealed the formation of phenol and diphenyl ether as
the by-products, which were also generated under the
Evans’s conditions for diaryl ether formation.*

A number of structurally and electronically diverse aryl-
boronic acids were then evaluated (Table 2). The func-
tional group tolerance is good (entries 3, 4, and 7).
For example, bromo- and chloro substituents (entries
4 and 3) were well tolerated on the phenylboronic acid
and could be used for further functionalizations on the

phenyl ring. The reaction also appeared to work well
with both electron-withdrawing and electron-donating
groups at the phenylboronic acid (entries 2, 6, 7, and 8).

In summary, we have developed a method to synthesize
a series of novel phenoxyquinolin-4-(1H)-one com-
pounds. The mild reaction conditions and functional
group tolerance make this approach applicable to the
rapid preparation of phenoxyquinoline-4-(1 H)-one ana-
logs that were unavailable previously. Further assess-
ment of the scope of this chemistry is currently
underway.

Acknowledgments

We would like to thank Dr. Dennis G. Sprous for help-
ful discussions.

References and notes

1. (a) Alangaden, G. J.; Lerner, S. A. Clin. Infect. Dis. 1997,
25, 1213; (b) Alovero, F. L.; Pan, X. S.; Morris, J. E.;
Manzo, R. H.; Fisher, L. M. Antimicrob. Agents Chemo-
ther. 2000, 44, 320.

2. Agui, H.; Mitani, T.; [zawa, A.; Komatsu, T.; Nakagome,
T. J. Med. Chem. 1977, 20, 791.

3. For a recent review, see: (a) Ley, S. V.; Thomas, A. W.
Angew. Chem., Int. Ed. 2003, 42, 5400; (b) Kunz, K.;
Scholz, U.; Ganzer, D. Synlett 2003, 15, 2428.

4. Evans, D. A.; Katz, J. L.; West, T. R. Tetrahedron Lett.
1998, 39, 2937.

5. Chan, D. M. T.; Monaco, K. L.; Wang, R.; Winters, M. P.
Tetrahedron Lett. 1998, 39, 2933.

6. Petrassi, H. M.; Sharpless, K. B.; Kelly, J. W. Org. Lett.
2001, 3, 139.

7. Okamoto, T.; Zasshi, Y. Chem. Abstr. 1952, 4542.

8. Procedure for 6a. An oven dried disposable culture tube
(5 mL) was charged with 4 (50 mg, 0.30 mmol, 1.0 equiv),
Cu(OAc), (56 mg, 0.30 mmol, 1.0 equiv), phenylboronic
acid (5) (73 mg, 0.60 mmol, 2.0 equiv), and freshly acti-
vated powdered 4 A molecular sieves (~300 mg). The
reaction mixture was diluted with CH,Cl, (3.0 mL), and



Z. Wang, J. Zhang | Tetrahedron Letters 46 (2005) 4997-4999 4999

the pyridine (121 pL, 1.5 mmol, 5.0 equiv) was added. The
tube was then put on a Bohdan Miniblock synthesizer and
shook for 24h at room temperature under ambient
atmosphere. The reaction mixture was diluted with
CH,Cl, (1.0 mL) and the TLC was taken before silica
gel (~300 mg) was added to the reaction mixture. The
solvent was evaporated using a Thermo SpeedVac system.
Solid loading of the reaction mixture to the Isco Combi-
Flash system was performed. The reaction mixture was
then purified by RediSep™ silica gel column (4 g of silica
gel) eluting with a linear gradient of methylene chloride
and methanol. Detector wavelength was set to 254 nm and
the UV active fractions were collected and the solvent was
removed by Thermo SpeedVac system to generate 6a as a

10.

white solid (42 mg, 60%). '"H NMR (400 MHz, DMSO-dq)
0 8.22 (dd, J=8.0, 1.2 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H),
7.55-7.68 (m, 6H), 7.38-7.42 (m, 1H), 6.97 (d, J = 8.8 Hz,
1H), 6.17 (d, J=7.6Hz, 1H). '3C NMR (100 MHz,
DMSO-dg) 6 176.5, 144.0, 140.9, 132.1, 130.3, 129.4,
127.7, 126.0, 125.6, 123.7, 117.4, 109.2. MS (ESI) m/z: 238
(M+H)".

(a) Quach, T. D.; Batey, R. A. Org. Lett. 2003, 5, 1381; (b)
Collman, J. P.; Zhong, M. Org. Lett. 2000, 2, 1233; (c)
Lam, P. Y. S.; Vincent, G.; Bonne, D.; Clark, C. G.
Tetrahedron Lett. 2003, 44, 4927.

Lam, P. Y. S.; Clark, C. G.; Saubern, S.; Adams, J.;
Aveill, K. M.; Chan, D. M. T.; Combs, A. Synlett 2000, 5,
674.



	Synthesis of phenoxyquinolin-4(1H)-one through copper(II)-mediated cross-coupling of phenylboronic acid and hydroxyquinolin-4(1H)-one
	Acknowledgments
	References and notes


