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We report herein the design and synthesis of novel 7-(4-alkoxyimino-3-aminomethylpiperidin-1-yl)
fluoroquinolone derivatives. The antibacterial activity of the newly synthesized compounds was evalu-
ated and compared with gemifloxacin, levofloxacin and ciprofloxacin. Results reveal that compounds
10, 16, and 17 have good activity against all of the tested Gram-positive organisms including drug-resis-
tance strains (MICs: 0.125–4 lg/mL). In addition, compounds 16 and 17 (MICs: 4 lg/mL) were 2- to
8-fold more potent than the reference drugs against Pseudomonas aeruginosa.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of IMB and CYA.
Quinolones as chemotherapeutic drugs for the treatment of var-
ious bacterial infections in both community and hospital settings
have attracted great attention because of their outstanding po-
tency and steady safety.1 These antibiotics inhibit two type-II
topoisomerases, DNA gyrase and topoisomerase IV, by binding to
the intermediate catalytic enzyme–DNA complex. The stabilization
of the resulting quinolone–enzyme–DNA complex leads to the gen-
eration of double-strand DNA breaks that trigger a cascade of
events leading to cell death.2,3

Since the discovery of norfloxacin by Koga et al. in the early
1980s,4 most of the research concerning these drugs has been
focused on the basic group at the C-7 position which greatly influ-
ences their potency, spectrum, and safety. As a result, ciprofloxacin
(CPFX), levofloxacin (LVFX), gemifloxacin (GMFX), moxifloxacin
(MXFX) and so on have been successfully introduced into the mar-
ket. Most of them are generally characterized by a broad antimi-
crobial spectrum, but their activity against clinically important
Gram-positive cocci including Staphylococci, Streptococci and
Enterococci is relatively moderate, which has not only limited their
use in infections caused by these organisms, but has also contrib-
uted to rapidly developing quinolone resistance. Thus, recent
efforts have been directed toward the synthesis of new quinolones
that can provide improved Gram-positive antibacterial activity,
while retaining the good Gram-negative activity of early fluoro-
quinolones, such as CPFX.5

Five- and six-membered nitrogen heterocycles including piper-
azinyl, pyrrolidinyl and piperidinyl type side chains that contain
ll rights reserved.

: +86 10 63047865.
peripheral nitrogens have proven to be the optimal substituents
at the 7-position of fluoroquinolones. However, the piperidinyl-
based quinolone antibacterial agents reported in the literature
were significantly fewer than that of piperazinyl-, pyrrolidinyl-
based analogs.6–8

Recently, in our continuous effects to develop new fluoroquino-
lones that display strong Gram-positive activity, we have focused
on introducing new functional groups to the piperidine ring9–14

and found IMB (R = H, Fig. 1), a 8-methoxyl fluoroquinolone con-
taining an 3-amino-4-methoxyiminopiperidin-1-yl group at the
C-7 position, have good in vitro and in vivo antibacterial activity
which is comparable to MXFX and GMFX.9 However, CYA
(R = CH3, Fig. 1), a methyl analog of IMB, shows far less antibacte-
rial activity15 and these data indicate that introduction of an addi-
tional methyl group in the 3-position of the piperidine ring causes
reduced activity. We had previously reported that some of 7-(4-
alkoxyimino-3-aminomethyl-3-methylpiperidin-1-yl)fluoroquino-
lones, were more active than or comparable to LVFX against Gram-
positive organisms, such as Staphylococcus aureus including meth-
icillin-resistant S. aureus (MRSA), Staphylococcus epidermidis and
Streptococcus pyogenes.16
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Figure 2. Scores for novel fluoroquinolones 8–20.

Figure 3. Predicted three-dimensional conformations of compound 16 docked in
3FOF.
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Scheme 2. Reagents and conditions: (e) Compounds 5a, b, Et3N, MeCN, 25–50 �C,
2–10 h, 48–74%; (f) (1) 5% NaOH/H2O, 40 �C, 0.5–2 h; (2) 2 N HCl, rt, 50–66% (two
steps).
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These research results intensified our interest, it was decided to
design and synthesize some novel fluoroquinolone derivatives,
having an alkoxyimino and an aminomethyl group at the 4- and
3-positions of the piperidine ring, respectively, and evaluate their
antibacterial activity. In order to clarify rationale of the design idea,
we initially conducted also molecular docking to predict the stabil-
ization of the resulting target quinolone–enzyme–DNA com-
plex.17,18,20 The scores (Fig. 2) reflecting the fitting quality of
ligand–receptor complex show that most of the designed fluoro-
quinolone derivatives (8–20) are more potent than the correspond-
ing methyl analogs (80–200), and some are more potent than LVFX
and even comparable to GMFX against Strptococcus pneumoniae.
We report herein the synthesis of a series of novel 7-(4-alkoxyimi-
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Scheme 1. Reagents and conditions: (a) H2, 5% Pd/C, Boc2O, MeOH, rt, 10 h, 55%; (b) Jone’
(d) HCl; (g), CH2Cl2, rt, 1 h, 97–99%.
no-3-aminomethylpiperidin-1-yl)fluoroquinolones and their anti-
bacterial activity. A structure–activity relationship (SAR) study
was also explored to facilitate the further development of the
fluoroquinolones.

The synthetic routes of new piperidine derivatives 5a, b and
novel fluoroquinolones 8–20 are shown in Scheme 1 and 2, respec-
tively. According to published procedures,16 catalytic hydrogena-
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s reagent, Me2CO, 0 �C, 1 h, 85%; (c) R1ONH2�HCl, Et3N, MeOH, 55–60 �C, 2 h, 88–91%;



Table 1
The structures, physical data and cytotoxicity of novel fluoroquinolones 8–20

Compd R1 R2 X Yield (%) mpa (�C) CC50
b (lg/mL)

8 Me CF 65 115–116 NTc

9 Et CF 63 134–136 256.9

10 Me COCHF2 70 93–95 334.9

11 Et COCHF2 74 194–195 203.2

12 Me CH2CH3 CF 67 184–186 >500
13 Et CH2CH3 CF 62 96–98 409.5
14 Me CH2CH2F CF 64 186–188 NT
15 Et CH2CH2F CF 54 141–143 >500
16 Me 2,4-F2-C6H3 N 53 131–133 96.0
17 Et 2,4-F2-C6H3 N 48 179–181 72.6

18 Me COCH3 63 150–152 395.4

19 Et COCH3 66 183–185 173.2

20 Me O 50 102–104 213.1

a Melting points are uncorrected.
b CC50: The 50% cytotoxic concentration.
c NT: not tested.

Table 2
In vitro antibacterial activity of the target compounds 8–20

Strains MIC (lg/ml)

Compd 8 9 10 11 12 13 14 15 16 17 18 19 20 GMFX LVFX CPFX

S.a. 0.5 0.5 0.25 1 2 4 4 8 0.5 0.25 0.5 1 2 60.03 0.06 0.125
MSSA 0.5 0.25 0.125 0.25 4 4 2 8 0.25 0.25 0.25 0.25 1 60.03 0.06 0.25
MRSA 0.5 1 1 2 8 8 8 16 2 1 4 2 16 0.5 1 4
S.e. 1 0.25 0.5 2 8 8 8 16 0.5 0.25 1 2 4 0.06 0.125 0.25
MSSE 1 2 1 4 16 32 32 64 2 1 4 4 16 0.06 1 2
MRSE 4 0.25 0.5 2 4 8 8 8 0.5 0.25 4 2 4 60.03 0.125 0.25
S.p. 8 8 4 8 32 64 32 64 1 2 4 8 8 0.5 2 1
PRSP 8 4 2 4 16 32 16 32 0.5 0.5 4 4 4 60.03 0.5 1
E.fa. 4 2 1 2 8 16 8 16 2 1 4 4 4 0.06 0.25 0.5
VREF 4 2 4 4 32 32 16 64 4 4 8 8 8 0.5 2 1
S.py. 16 32 4 16 64 64 32 64 1 4 8 8 16 0.125 1 1
E.c. 1 1 1 4 4 8 8 8 1 2 4 4 4 60.03 60.03 60.03
ESBL-Ec >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 >128 32 32 128
K.p. 16 32 32 64 128 >128 128 >128 32 32 64 128 128 0.5 0.5 0.5
P.a. 8 16 8 16 32 128 32 64 4 4 8 32 8 32 8 16
S.s. 1 0.5 16 2 4 128 32 8 2 2 4 8 8 60.03 60.03 60.03
B.t. 1 0.5 0.5 2 4 8 8 8 2 2 4 4 4 60.03 60.03 60.03
E.cl. 32 >128 2 8 >128 >128 >128 16 2 2 >128 >128 16 60.03 0.06 60.03
A.c. 2 2 2 4 16 128 128 128 4 4 4 8 32 0.125 0.25 1
E.a. 1 2 2 8 8 16 32 16 2 2 4 16 8 60.03 60.03 60.03
S.m. 4 4 8 32 8 16 16 16 8 16 8 32 8 0.125 0.25 0.25
M.m. 1 4 4 8 4 16 16 8 4 4 4 16 8 0.06 60.03 60.03
P.r. 8 8 4 16 8 32 16 32 8 8 8 32 16 0.06 0.25 60.03
P.v. 4 4 4 8 8 16 16 16 8 4 8 32 4 60.03 60.03 60.03

Abbreviations: S.a., Staphylococcus aureus ATCC13709; MSSA, methicillin-sensitive Staphylococcus aureus 08-49; MRSA, methicillin-resistant Staphylococcus aureus 08-52; S.e.,
Staphylococcus epidermidis ATCC12228; MSSE, methicillin-sensitive Staphylococcus epidermidis 08-17; MRSE, methicillin-resistant Staphylococcus epidermidis 08-18; S.p.,
Streptococcus pneumoniae ATCC6301; PRSP, penicillin-resistant Streptococcus pneumoniae 08-2; E.fa., Enterococcus faecalis ATCC51299; VREF, vancomycin-resistant Entero-
coccus faecalis EFL1004; S.py., Streptococcus pyogenes 556; E.co., Escherichia coli ATCC25922; ESBL-Ec, Extended spectrum b-lactamase producing Escherichia coli 08-5; K.p.,
Klebsiella pneumoniae ATCC700603; P.a., Pseudomonas aeruginosa 17; S.s., Shigella sonnei 51592; B.t., Bacillus typhi 50035; E.cl., Enterobacter cloacae 45301; A.c., Acinetobacter
calcoaceticus 25001; E.a., Enterobacter aerogenes 45102; S.m., Serratia marcescens 41002; M.m., Morganella morganii 49086; P.r., Proteus rettgeri 49006; P.v., Proteus vuigaris 56.
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tion of both functional groups of readily available cyano ketone 1
and subsequent protection of the resulting primary amine by
tert-butoxycarbonyl (Boc) group yielded the amino alcohol 2.
Oxidation of the alcohol 2 by Jone’s reagent afforded the corre-
sponding ketone 3, on which the oxime functional group was intro-
duced via condensation with methoxylamine/ethoxylamine to give
alkyloximes 4a, b. The bis-Boc-protecting groups of compounds
4a, b were removed by pumping hydrogen chloride gas in methy-
lene chloride to afford the new piperidine derivative dihydrochlo-
rides 5a, b in good yield.

Finally, the target compounds 8–20 were obtained by cou-
pling the new piperidine derivatives 5a, b with various com-
pounds containing quinolone and naphthyridone cores
according to well-established literature procedures (Scheme 2)19.
In the case of quinolones 8–17, condensation of 5a, b with 6a–e
was performed in the presence of triethylamine. However for
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18–20, boric chelates 7f and g were required to increase reactiv-
ity. All of the synthetic compounds were well characterized
through the spectral characteristics and the results were summa-
rized in Table 1.

The novel fluoroquinolones 8–20 were evaluated for their
in vitro antibacterial activity against representative Gram-positive
and Gram-negative strains using standard techniques. Minimum
inhibitory concentration (MIC) is defined as the concentration of
the compound required to give complete inhibition of bacterial
growth and MICs of the synthesized compounds along with the
standard drugs GMFX, CPFX and LVFX for comparison are reported
in Table 2.

Since the oxime group can exist in the E or Z configuration, it
was necessary to determine the geometries of all the oxime target
compounds 8–20. However, it was a pity that we were not success-
ful in preparing X-ray quality single crystals of any oxime interme-
diate or product, but the oxime geometry would be expected to
have the E-configuration according to the data in published pa-
pers.8,16 It is also obvious that the target compounds 8–20 and
intermediates 5a, b are all racemates.

All of the target compounds 8–20 have generally potent anti-
bacterial activity against the tested strains. For Gram-positive
organisms, compounds 8–11 and 16–19 show good potency in
inhibiting the growth of S. aureus including MRSA and S. epide-
rmidis including methicillin-resistant S. epidermidis (MRSE)
(MICs: 0.125–4 lg/mL). Among them, compounds 10, 16 and
17 had useful activity against S. pneumoniae including penicil-
lin-resistant S. pneumoniae, Enterococcus faecalis including vanco-
mycin-resistant E. faecalis, and S. pyogenes (MICs: 0.5–4 lg/mL).
But for Gram-negative organisms, all the target compounds are
far less active than GMFX, LVFX and CPFX, with the only excep-
tion that compounds 16 and 17 (MICs: 4 lg/mL) are 2- to 8-fold
more potent than the reference drugs against Pseudomonas
aeruginosa.

Overall the piperidinyl analogs exhibit less active than the ref-
erence drugs against the tested Gram-positive and Gram-negative
organisms. Our results indicate that des-methylation at the 3-posi-
tion of the 4-alkoxyimino-3-aminomethyl-3-methyl piperidine
ring does not increase the antibacterial activity which could be also
involved with other factors, such as the substituent (aminomethyl)
at the 3-position of the piperidine ring and regiochemical effects.
In addition, the fact that the tested activity against S. pneumoniae
is not in agreement with what we predicted based only on inhibi-
tion of topoisomerase IV suggests that both of the topoisomerase
IV and DNA gyrase in Gram-positive bacteria could be the targets
of the fluoroquinolones.

Generally, the activity of the quinolone nuclei in this study are in
the order 1-(2,4-difluorophenyl)-1,8-naphthyridone > 1-cyclopro-
pyl-8-difluoromethoxylquinolone > 1-cyclopropyl-8-fluoroquin-
olone�1-cyclopropyl-8-methoxylquinolone > levofloxacin > 1-ethyl-
8-fluoroquinolone�1-(2-fluoroethyl)-8-fluoroquinolone. In addition,
fluoroquinolones featuring methyloxime-incorporated piperidino-
substitution at C-7 position are at least as potent as the analogs con-
taining ethyloxime.

Some compounds were further examined for toxicity (CC50) in a
mammalian Vero cell line from 1000 to 7.81 lg/mL concentrations.
After 48 h of exposure, viability was assessed and the results are
reported in Table 1. Thirteen compounds when tested showed
CC50 values ranging from >500 to 72.6 lg/mL. A comparison of
the substitution pattern at C-7 position demonstrates that ethyl-
oxime-incorporated piperidino-substitutions are generally more
cytotoxic than the analogues containing methyloxime.

In summary, we report herein the synthesis of some novel 7-(4-
alkoxyimino aminomethyl-3-methylpiperidin-1-yl)fluoroquino-
lone derivatives. The antibacterial activity of the newly synthesized
compounds were evaluated and correlated with their physicochem-
ical properties. Results reveal that compounds 10, 16, and 17 have
good activity against the tested Gram-positive strains (MICs:
0.125–4 lg/mL). It was worth noting that compounds 16 and 17
(MICs: 4 lg/mL) were 2- to 8-fold more potent than CPFX, LVFX
and GMFX against P. aeruginosa. However, these piperidinyl analogs
are generally less activity than the reference drugs against Gram-po-
sitive and Gram-negative strains.
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