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Synthesis and Antibacterial Evaluation of Certain Quinolone Derivatives
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A number of 7-substituted quinolone derivatives were synthesized and evaluated for antibacte-
rial and cytotoxic activities. Preliminary results indicated that most compounds tested in this
study demonstrated better activity against methicillin-resistant Staphylococcus aureus than
norfloxacin. Among them, 1-(4-amino-2-fluorophenyl)-6-fluoro-1,4-dihydro-7-{ 4-[2-(4-methoxy-
phenyl)-2-hydroxyiminoethyl]-1-piperazinyl}-4-oxo-3-quinolinecarboxylic acid (11d) and its
ketone precursor 10d exhibited significant activities against Klebsiella pneumoniae, methicillin-
resistant S. aureus, erythromycin- and ampicillin-resistant Streptococcus pneumoniae, and
vancomycin-resistant Enterococcus faecalis. Due to strong cytotoxicities of 11d (a mean log
Glso of —5.40), compound 10d, with good antibacterial activities and low cytotoxicities (a mean
log Glsg of —4.67), is a more potential drug candidate.

Introduction

Although the structure—activity relationships of an-
tibacterial fluoroquinolones have been extensively in-
vestigated, the optimum substituent at the C-7 position
which has a great impact on potency, spectrum, solubil-
ity, and pharmacokinetics has not been precisely
defined.1=> Extensively investigated substituents are
piperazin-1-yl and its 4-substituted derivatives. For
example, pefloxacin, the 4'-methylnorfloxacin, and other
4-substituted piperazin-1-yl prodrugs of norfloxacin
were prepared to improve the bioavailability of the
parent.6=8 A number of fluoroquinolones with an oxime
or a substituted oxime attached to the pyrrolidine or
piperazine ring at C-7 position were also synthesized
and evaluated for antibacterial activities.®~* In our
previous report, we described the preparation and
evaluation of certain norfloxacin derivatives with an
additional functional moiety such as 4-hydroxyami-
noalkyl on the C-7 piperazin-1-yl group. Most of these
compounds demonstrated better activity against me-
thicillin-resistant Staphylococcus aureus than norfloxa-
cin and proved to possess selective cytotoxicity against
renal cancer cell lines.’> In continuing our efforts to
establish the structure—activity relationships of anti-
bacterial fluoroquinolones, further derivatization of
preceding oximes as well as their 8-fluoro and 1-aryl
derivatives were synthesized and evaluated.

Chemistry

The general procedure for the preparation of 6-fluoro-
1,4-dihydro-7-[4-(2-substituted-iminoethyl)piperazin-1-
yl]-4-oxoquinoline-3-carboxylic acids 5a—i (see Chart 1)
and their 6,8-difluoro analogues 6b—h are described in
Scheme 1. Norfloxacin (1) was treated with NaHCO3
and a bromomethyl ketone to give its N-(2-0x0-2-(4-sub-
stituted phenyl)ethyl derivatives 3a—i. Reaction of 3a—i
with hydroxyamine, methoxyamine, hydrazine, semi-
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a8 Reagents: (i) NaHCO3, R1IPhCOCH2Br in DMF; (ii) RzNH> in
EtOH.

carbazide, and thiosemicarbazide, respectively, in EtOH
gave the corresponding 5a—i in 29—56% overall yield.
Among them, the sole Z-form isomer of 5b, 5c, and 5e
was isolated while both E- and Z-form isomers of 5a,
5d, and 5f—i were obtained with Z-isomers predominat-
ing.1>16 Accordingly, 6,8-difluoro-1,4-dihydro-7-[4-(2-
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a Reagents: (i) KoCOs, 4-fluoronitrobenzene or 3,4-difluoronitrobenzene in DMF; (ii) HCI, AcOH; (iii) piperazine in CH3CN; (iv) K2COs,
R1PhCOCH,Br in DMF; (v) NH;0OH HCI in EtOH; (vi) Hz, Pd/C in CHxCl,.

substituted-iminoethyl)piperazin-1-yl]-4-oxoquinoline-
3-carboxylic acids 6b—d and 6f—h were obtained from
8-fluoronorfloxacin (2) in 52—70% overall yield.

The preparation of 1-aryl-6-fluoro-1,4-dihydro-7-[4-(2-
hydroxyiminoethyl)piperazin-1-yl]-4-oxoquinoline-3-car-
boxylic acids 11a—d is described in Scheme 2. Reaction
of ethyl 6,7-difluoro-4-oxoquinoline-3-carboxylate (7)
with 3,4-difluoronitrobenzene and K,CO3 in dry DMF
at 80 °C gave ethyl 6,7-difluoro-1-(2-fluoro-4-nitrophe-
nyl)-1,4-dihydro-4-oxoquinoline-3-carboxylate (8c) in
67% yield.1”1® Compound 8c was hydrolyzed with HCI
in acetic acid, and the crude intermediate without
purification was treated with piperazine in CH3CN to
afford 6-fluoro-1-(2-fluoro-4-nitrophenyl)-1,4-dihydro-4-
oxo-7-(1-piperazinyl)quinoline-3-carboxylic acid (9b) in
78% yield. Compound 9b was reduced by catalytic
hydrogenation on Pd/C to its 1-(4-amino-2-fluorophenyl)
counterpart 9c in 85% yield. Alkylation of 9a and 9b
with K,CO3; and a 4'-substituted 2-bromoacetophenone
gave their respective N-[2-0x0-2-(4-substituted-phenyl)-
ethyl] derivatives 10a—c which were then reacted with
hydroxylamine to give 1-aryl-6-fluoro-1,4-dihydro-7-[4-
(2-hydroxyiminoethyl)piperazin-1-yl]-4-oxoquinoline-3-
carboxylic acids 11la—c in 69—81% overall yield.19:20
Compound 11d was obtained by hydroxylamination of
10d, which was synthesized via hydrogenation of 10c
with catalytic Pd/C in CHCl,.

Results and Discussion

A number of quinolone derivatives prepared for this
study were tested in vitro against five susceptible
strains and three resistant strains. The minimum
inhibitory concentrations (MIC) are presented in Table
1. In general, 6-fluoro-1,4-dihydro-7-[4-(2-hydroxyimi-
noethyl)piperazin-1-yl]-4-oxoquinoline-3-carboxylic acids
5a—i are less active than norfloxacin with the exception
of the inhibitory activity against methicillin-resistant
S. aureus (S. aureus M-R). With an ethyl substituent

at N-1 and a phenyl (or a substituted phenyl) at the
C-7 piperazinyl side chain, the imino nitrogen substi-
tuted with a hydroxy group (5a, R, = OH) exhibited the
most potent inhibitory activity on G(—) bacteria and S.
aureus M-R while a thiourea (5c, R, = NH,CSNHy) is
most favorable for the inhibition of erythromycin- and
ampicillin-resistant Streptococcus pneumoniae (S. pneu-
moniae E-R and A-R) and vancomycin-resistant Entero-
coccus faecalis (E. faecalis V-R). An amino substituent
(5e, R, = NHy) is more active than its hydroxy coun-
terpart (5d, R, = OH) which in turn is more potent than
a methoxy substituent (5h vs 5i). Introduction of an
8-fluoro substituent enhanced antibacterial activities
(3a vs 4a, 3h vs 4h, 5b vs 6b, 5h vs 6h). For the N-1
substituent, 4-nitrophenyl is comparable to its ethyl
counterpart (11a vs 5d; 11b vs 5h) while 2,4-disubsti-
tuted phenyl (11c, 11d) is most active. In fact, even
though the ketone precursors 3a—h and 10a—b are
inactive against the growth of resistant strains, the
parent 2,4-disubstituted phenyl quinolones 9b and 9c,
and their ketone precursors 10c and 10d, exhibited
significant activities. Due to strong cytotoxicities of 11c
(a mean log Glsp of —5.34) and 11d (a mean log Glsg of
—5.40), the ketone precursor, 10d, with good antibacte-
rial activities and low cytotoxicities (a mean log Glsg of
—4.67), is a more potential drug candidate.?!

Conclusion

A number of 7-substituted quinolone derivatives were
synthesized and evaluated for antibacterial and cyto-
toxic activities. Preliminary results are as follows: (1)
For 1-ethyl quinolones, 7-[4-(2-oxoethyl)piperazin-1-yl]-
derivatives 3, with exception of 3f, are narrow-spectrum
and only active against methicillin-resistant S. aureus
while their 2-iminoethyl counterparts 5 are more active
and broad-spectrum antibacterial agents. Besides, 8-flu-
oro derivatives are more active antibacterial agents than
their respective unsubstituted counterparts. (2) For
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Table 1. In Vitro Antibacterial Activity of
4-Oxoquinoline-3-carboxylic Acids [MIC, uM (ug/mL)]?

S. aureus S. pneumoniae E. faecalis
compd M-R E-R, A-R V-R
2 2.31(0.78) 18.5 (6.25) 18.5 (6.25)
3a 7.15(3.13) >200 (>100) >200 (>100)
3d 6.87 (3.13) >200 (>100) >200 (>100)
3f >200 (>100) >200 (>100) >200 (>100)
3h 6.70 (3.13) >200 (>100) >200 (>100)
4a 1.71 (0.78) 13.7 (6.25) 13.7 (6.25)
4h 0.62 (0.30) >200 (>100) >200 (>100)
5a 0.44 (0.20) >200 (>100) >200 (>100)
5b 3.15 (1.56) 25.3 (12.5) 25.3 (12.5)
5c 1.53(0.78) 245 (12.5) 12.2 (6.25)
5d 2.13 (1.0) >200 (>100) >200 (>100)
5e 1.66 (0.78) 26.6 (12.5) 26.6 (12.5)
5f >200 (>100) >200 (>100) >200 (>100)
59 nd® >200 (>100) >200 (>100)
5h 0.41 (0.20) 13.0 (6.25) 3.23 (1.56)
5i 1.57 (0.78) 12.6 (6.25) 12.6 (6.25)
6b 0.39 (0.20) 6.11 (3.13) 6.11 (3.13)
6C 0.74 (0.39) >200 (>100) >200 (>100)
6d 0.61 (0.30) 6.14 (3.0) 2.05 (1.0)
6f 0.59 (0.30) 19.8 (10) 19.8 (10)
69 >200 (>100) >200 (>100) >200 (>100)
6h 0.20 (0.10) 6.25 (3.13) 3.12 (1.56)
9b 7.27 (3.13) 0.46 (0.20) 29.0 (12.5)
9c 0.97 (0.39) 3.90 (1.56) 15.6 (6.25)
10a >200 (>100) >200 (>100) >200 (>100)
10b 5.58 (3.13) >200 (>100) >200 (>100)
10c 2.70 (1.56) 5.41 (3.13) 43.2 (25)
10d 0.55 (0.30) 1.82 (1.0) 5.47 (3.0)
1lla >200 (>100) >200 (>100) >200 (>100)
11b 1.36 (0.78) 10.9 (6.25) 21.7 (12.5)
1lc 0.34 (0.20) 1.31(0.78) 5.27 (3.13)
11d 0.53 (0.30) 1.77 (1.0) 5.32(3.0)
Nfe 4.89 (1.56) 19.6 (6.25) 9.80 (3.13)

a Organisms selected are as follows: S. aureus M-R, Staphylo-
coccus aureus, methicillin-resistant; S. pneumoniae E-R and A-R,
Staphylococcus pneumoniae, erythromycin- and ampicillin-resis-
tant, clinical isolates; E. faecalis, V-R, Enterococcus faecalis,
vancomycin-resistant, clinical isolates. P nd, not determined. ¢ Nf,
norfloxacin.

1l-aryl quinolones, 7-[4-(2-oxoethyl)piperazin-1-yl]-de-
rivatives 10a and 10b are inactive while 10c and 10d
are active antibacterial agents with no significant
cytotoxicity. The 2-iminoethyl derivative 11a is inactive
whereas 11b—d are active against all three resistant
strains. However, due to strong cytotoxicities of 11c and
11d, the ketone precursor, 10d, with good antibacterial
activities and low cytotoxicities, is a more potential drug
candidate.

Experimental Section

In Vitro Antibacterial Assay. Determination of MIC:
2 mg of each test compound was dissolved in an appropriate
solvent (100% DMSO) and serially diluted with DMSO into
the desired testing concentration ranges. Each series of testing
solution (0.01 mL) was added into the 48-well plate with 0.99
mL of media broth containing 1-5 x 10° CFU/mL testing
microorganism. Thus the final maximal concentration of
DMSO was 1%, and the initial concentration of testing solution
was 300 uM. Media used were as follows: nutrient broth (NB,
DIFCO) for Escherichia coli, Pseudomonas aeruginosa, and
Klebsiella pneumoniae; Mueller-Hinton broth (DIFCO) for S.
aureus, methicillin-resistant (MRSA), and Proteus vulgaris;
brain heart infusion broth (BHI, DIFCO) for Mycobacterium
ranae; and tryptic soy broth (DIFCO) containing 7% of calf
serum for S. pneumoniae (EM & AM Res. Clinical Isolates)
and E. faecalis (VRE, Clinical Isolates). The plates were
incubated for 20—72 h at 37 °C, and then the MIC was
determined by a visual turbidity readout or by microscope
observation of microorganism growth. Vehicle and reference
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agents were used in every test as the negative and positive
controls, and the assays were performed in duplicate.

Acknowledgment. Financial support of this work
by the National Science Council of the Republic of China
is gratefully acknowledged. We also thank the National
Cancer Institute (NCI) of the United States for the
anticancer screenings and the National Center for High-
Performance Computing for providing computer re-
sources and chemical database services.

Supporting Information Available: Experimental pro-
cedures, characterization, and elemental analyses for com-
pounds 4a, 4d, 4f, 4h, 5b, 5c, 5e, 5g, 5i, 6b—d, 6f—h, 8c, 8d,
9c, 9d, 10a—d, and 1la—d; tables containing data for anti-
bacterial activities against E. coli, M. ranae, P. aeruginosa,
K. pneumoniae, and P. vulgaris and the inhibitory activities
on renal cancer cell lines for 3a, 3f, 3h, 4a, 4h, 5a—i, 6¢c, 6d,
10a—d, and 11a—d. This material is available free of charge
via the Internet at http://pubs.acs.org.

References

(1) Chu, D. T. W.; Fernandes, P. B.; Claiborne, A. K.; Pihuleac, E.;
Nordeen, C. W.; Maleczka, R. E.; Pernet, A. G. Synthesis and
Structure—Activity Relationships of Novel Arylfluoroquinolone
Antibacterial Agents. . 1985, 28, 1558—1564.

(2) Chu, D. T. W.; Fernandes, P. B.; Pernet, A. G. Synthesis and
Biological Activity of Benzothiazolo[3,2-a]quinolone Antibacterial
Agents. . 1986, 29, 1531—1534.

(3) Domagala, J. M.; Heifetz, C. L.; Hutt, M. P.; Mich, T. F.; Nichols,
J. B.; Solomon, M.; Worth, D. F. 1-Substituted 7-[3-[(Ethylami-
no)methyl]-1-pyrrolidinyl]-6,8-difluoro-1,4-dihydro-4-oxo03-quino-
linecarboxylic Acids. New Quantitative Structure—Activity Re-
lationships at N; for the Quinolone Antibacterials. gt e
1988, 31, 991—-1001.

(4) Klopman, G.; Macina, O. T.; Levinson, M. E.; Rosenkranz, H. S.
Computer Automated Structure Evaluation of Quinolone Anti-
bacterial Agents. ﬁ 1987, 31,
1831—-1840.

(5) Ma, Z,; Chu, D. T. W.; Cooper, C. S.; Li, Q.; Fung, A. K. L.; Wang,
S.; Shen, L. L.; Flamm, R. K.; Nilius, A. M.; Alder, J. D.;
Meulbroek, J. A.; Or, Y. S. Synthesis and Antimicrobial Activity
of 4H-4-Oxoquinolizine Derivatives: Consequences of Structural
Modification at the C-8 Position. gsitamisiaaeg. 1999, 42, 4202—
4213.

(6) Kondo, H.; Sakamoto, F.; Koders, Y.; Tsukamoto, G. Studies on
Prodrugs. 5. Synthesis and Antimicrobial Activity of N-(Oxoalkyl)-
norfloxacin Derivatives. jnsdintiiageg. 1986, 29, 2020—2024.

(7) Kondo, H.; Sakamoto, F.; Uno, T.; Kawahata, Y.; Tsukamoto,
G. Studies on Prodrugs. 11. Synthesis and Antimicrobial Activity
of N-[(4-Methyl-5-methylene-2-oxo-1,3-dioxolan4-yl)oxy]norfloxa-
cin. pasinsiiaeeg. 1989, 32, 671—-674.

(8) Jung, M. E.; Yang, E. C.; Vu, B. T.; Kiankarimi, M.; Spyrou, E.;
Kaunitz, J. Glycosylation of Fluoroguinolones through Direct and
Oxygenated Polymethlene Linkages as a Sugar-Mediated Active
Transport System for Antimicrobials. gaitsiiagis. 1999, 42,
3899—-3909.

(9) Hong, C.Y.; Kim, Y. K.; Chang, J. H.; Kim, S. H.; Choi, H.; Nam,
D. H.; Kim, Y. Z.; Kwak, J. H. Novel Fluoroquinolone Antibacte-
rial Agents Containing Oxime-Substituted (Aminomethyl)pyr-
rolidines: Synthesis and Antibacterial Activity of 7-(4-(Ami-
nomethyl)-3(methoxyimino)pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-
4-0x0-1,4-dihydro[1,8]naphthyridine-3-carboxylic Acid (LB20304).

. 1997, 40, 3584—3593.

(10) Radl, S.; Kovarova, L. Synthesis and Antibacterial Activity of

New 7-Substituted Fluoroquinolones. d
. 1991, 56, 2406—2412.

(11) Cooper, C. S.; Klock, P. L.; Chu, D. T. W.; Hardy, D. J.; Swanson,
R. N.; Plattner, J. J. Preparation and in Vitro and in Vivo
Evaluation of Quinolones with Selective Activity against Gram-
Positive Organisms. J. Med. Chem. 1992, 35, 13392—1398.

(12) Foroumadi, A.; Emami, S.; Davood, A.; Moshafi, M. H.; Sharifian,
A.; Tabatabaie, M.; Tarhimi Farimani, H.; Sepehri, G.; Shafiee,
A. Synthesis and in vitro antibacterial activities of N-substituted
piperazinyl quuinolones. i 1997, 3, 559—563.

(13) Hong, C. Y.; Kim, Y. K.; Lee, Y. H.; Kwak, J. H. Methyloxime-
substituted Aminopyrrolidine: A New Surrogate for 7-Basic
Group of Quinolone. _q 1998, 8, 221—
226.

(14) Foroumadi, A.; Emmami, S.; Haghighat, P.; Moshafi, M. H.

Synthesis and In-vitro Antibacterial Activity of New N-Substi-
tuted Piperazinyl Quinolones. (NN

1999, 5, 591-594.



Brief Articles

(15)

(16)
an

(18)

Fang, K. C.; Chen, Y. L.; Sheu, J. Y.; Wang, T. C.; Tzeng, C. C.
Synthesis, Antibacterial, and Cytotoxic Evaluation of Certain
7-Substituted Norfloxacin Derivatives. gisifsmisig. 2000, 43,
3809—3812.

Batanero, B.; Escudero, J.; Barba, F. Electrosynthesis of N-
Substituted Imidazole-2-thiones. Suailasls 1999, 1809—1813.
Sheu, J. Y.; Chen, Y. L.; Fang, K. C.; Wang, T. C.; Peng, C. F;
Tzeng, C. C. Synthesis and Antibacterial Activity of 1-(Substi-
tuted-benzyl)-6-fluoro-1,4-dihydro-4-oxoquinoline-3carboxylic Ac-
ids and Their 6,8-Difluoro Analogs. IIIENEGgG@EE 1°°8.
35, 955—964.

Matsumoto, J.; Minami, S. Pyrido[2,3-d]pyrimidine Antibacterial
Agents. 3. 8-Alkyl- and 8-Vinyl-5,8-dihydro-5-o0xo0-2(1-piperazi-
nyl)pyrido[2,3-d]pyrimidine-6-carboxylic Acids and Their Deriva-
tives. painsiSiagge. 1975, 18, 74—79.

Journal of Medicinal Chemistry, 2001, Vol. 44, No. 14 2377

(19

(20

(21)

Juergens, J.; Schedletzky, H.; Heisig, P.; Seydel, J. K.; Wide-
mann, B.; Holzgrabe, U. Synthesis and Biological Activityies of
New N1-Aryl Substituted Quinolone Antibacterials. .
1996, 329, 179—190.

Radl, S.; Zikan, V. Synthesis of Some 1-Aryl-1,4-dihydro-4-

oxoguinoline-3-carboxylic Acids and Their Antibacterial Activity.
I 1 o:. 5. 2151 215

Monks, A.; Scudiero, D.; Skehaan, P.; Shoemaker, R.; Paull, K.;
Vistica, D.; Hose, C.; Langley, J.; Cronise, P.; Vaigro-Wolff, A.;
Gray-Goodrich, M.; Campbell, H.; Mayo, J.; Boyd, M. Feasibility
of a High-flux Anticancer Drug Screen Using a Diverse Panel
of Cultured Human Tumor Cell Lines. N 1°°1,
83, 757—766.

JM0100335



