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A series of 4-substituted 4-(1H-1,2,3-triazol-1-yl)piperidine building blocks was synthesized and intro-
duced to the C7 position of the quinolone core, 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxylic acid, to afford the corresponding fluoroquinolones in 40-83% yield. The
antibacterial activity of these new fluoroquinolones was evaluated using a standard broth microdilution

technique. Among them, the quinolone 1-cyclopropyl-6-fluoro-7-(4-(4-formyl-1H-1,2,3-triazol-1-
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yl)piperidin-1-yl)-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (34.15) exhibited comparable
antibacterial activity against quinolone-susceptible and multidrug-resistant strains, especially to Staph-
ylococcus aureus and Staphylococcus epidermidis, in comparison with ciprofloxacin and vancomycin.

© 2010 Elsevier Ltd. All rights reserved.

Quinolones are one of the most important synthetic medicines
used in the treatment of community or hospital acquired infectious
diseases. Their excellent pharmacokinetic properties, high antibac-
terial activity, and few side effects make quinolone antibiotics
widespread use in clinical practice.! Generally, most quinolones
have good activity against Gram-negative bacteria, but the activity
against clinical important Gram-positive pathogens is relatively
moderate. This characteristic of quinolones has resulted not only
in their limited use in some infections but is also believed to be
one of the reasons for the rapid development of quinolone resis-
tance. For example, the life-threatening infections caused by multi-
ple drug-resistant Gram-positive organisms such as methicillin-
resistant Staphylococcus aureus (MRSA), methicillin-resistant
Staphylococcus epidermidis (MRSE) and recently identified vanco-
mycin-resistant enterococci (VRE) are serious health concerns and
are widespread throughout the world.? In addition, certain adverse
events during treatment with quinolones, such as QT interval pro-
longation (the QT interval is defined as the time interval between
the start of the Q wave and end of the T wave on an electrocardio-
gram associated with each heartbeat) can lead to potentially fatal
torsades.!® Thus, although there have been many advances in the
fluoroquinolone field, there is a continuous need for novel quino-
lones to overcome the limitations of existing drugs.

Structure-activity relationship (SAR) studies have shown that
substituents at the C7 position of the quinolone core greatly influ-
ence their potency, spectrum and safety. Murphy et al. found that
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QT interval prolongation was dramatically decreased by reducing
the C7 amine basicity and reducing the lipophilicity of the quino-
lone core, while at the same time maintaining activity against
resistant organisms.*

1,2,3-Triazole and its derivatives have received much attention
from medicinal chemists in the past few decades due to their che-
motherapeutic value.”> Many 1,2,3-triazoles are found to be potent
antimicrobial,® antimalarial,” anticonvulsant,® antitumor,® and anti
HIV agents,'® and help to avert platelet aggregation.!! Some 1,2,3-
triazole derivatives have been used as potassium channel activa-
tors.!? Very recently, disubstituted 1,2,3-triazole analogues have
been reported as antitubercular agents'? and cannabinoid CB1
receptor antagonists.!*

Piperidine and its analogues, an important pharmacophore of
many drug molecules, are reported to act as antibacterials,'® antitu-
bercular agents'® and AChE inhibitors.!” We wanted to investigate
whether there would some new beneficial properties if piperidine
and 1,2,3-triazole like cores were combined in one molecule. To
the best of our knowledge, there is no evidence in the literature of
the development of a molecular scaffold containing core 1,2,3-tria-
zole and piperidine at the C7 moiety of fluoroquinolone antibiotics.
In our previous work, we have synthesized a series of new quino-
lones based on (25,4R)-methyl 4-hydroxypyrrolidine-2-carboxylate
and (S)-pyrrolidin-2-ylmethanol. The in vitro potency assay results
indicated that some of these compounds exhibited good to excellent
activities against all the Gram-positive and Gram-negative strains
tested.'® Herein, we report the synthesis of a series of 4-substituted
4-(1H-1,2,3-triazol-1-yl)piperidine as the C7 building blocks of
quinolone core 32 and their antibacterial activities.
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Scheme 1. Reagents and conditions: (a) MsCl, EtsN, DCM 0 °C to rt; (b) NaN3, DMF,
80 °C (93% two steps); (¢) 1-ethynylbenzene or prop-2-yn-1-ol, Cul, DIPEA, MeOH
(92% and 86%, respectively); (d) Pd/C, H, (quantitative); (e) TFA, DCM (quantitative).

On the base of our previous work, we used the less lipophilic
naphthyridine acid 32 as the quinolone core as the scaffold for
the addition of novel building blocks at the C7 position instead of
a diamine to avoid QT prolongation adverse effects,'® as this quin-
olone core has less mammalian cell cytotoxicity, good activity
against resistant organisms,'® superior pharmacokinetics, pharma-
codynamics, and ADME properties.?°

The synthesis of the C7 position building block series started
from N-Boc protected 4-hydroxypiperdine (1). The reaction of 1
with methanesulfonyl chloride followed by azidation provided
intermediate 2. Compound 2 reacted with ethynylbenzene or
prop-2-yn-1-ol catalyzed by Cul in the presence of DIPEA, to give
the corresponding 1,2,3-triazole intermediates 3 and 4 with 92%
and 86% yields, respectively?! (Scheme 1), which were then treated
with TFA to provide the corresponding salt, which could be directly
used in the coupling step (Scheme 5).

Starting from intermediate 4, intermediate 9 was also synthe-
sized by mesylation and azidation to afford the intermediate 7.
Hydrogenation of 7 catalyzed by Pd/C gave the corresponding pri-
mary amine 8 with quantitative yield, followed by deprotection in
the presence of TFA to get the corresponding diamine 9 (Scheme 1).
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Scheme 2. Reagents and conditions: (a) methyl propiolate, Cul, CH3CN, rt (77%); (b)
ammonia, MeOH, 50 °C (quantitative); (c) TFA, DCM (quantitative).
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Scheme 3. Reagents and conditions: (a) (COCl),, DMSO, Et;N, —78 °C (95%); (b) Mg,
CH3;l or CH3CH,Br, THF (80% and 85%, respectively); (c) TFA, DCM (quantitative).

The other building blocks varied at 4-position of triazole are the
corresponding methyl ester and amide (11 and 13), which were
synthesized from intermediate 2. First, 2 was reacted with methyl
propiolate in the presence of Cul to give 10 with 77% yield.?> When
reacted with ammonia at 50 °C, intermediate 10 was converted to
the corresponding amide 11 with nearly quantitative yield. Then,
deprotection of compounds 10 and 12 gave 11 and 13, respectively
(Scheme 2).

Formyl substituted intermediate 15 was synthesized starting
from intermediate 4, which underwent Swern oxidation and
deprotection to afford the target compound. The reaction of Swern
oxidation product 14 with Grignard reagents generated in situ gave
two chiral moieties 16 and 17,23 followed by deprotection to pro-
vide the corresponding salts 18 and 19 in quantitative yields,
respectively (Scheme 3).

The C7 position building block series with the oxime and alky-
loxime, 21 and 27-31, were also synthesized starting from inter-
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(quantitative).
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mediate 14 (Scheme 4), as oximes and alkyloximes are common in
antibiotic design including cephalosporins and the recently
launched fluoroquinolone gemifloxacin.2* The reaction of 14 with
hydroxylamine hydrochloride in the presence of sodium hydroxide
solution give oxime intermediate 20, which reacted with a series of
alkylation reagents to get corresponding alkyloximes 22-26. The
deprotection of 20 and 22-26 provided the corresponding salts
21 and 27-31 (Scheme 4).

With the 14 4-substituted 4-(1H-1,2,3-triazol-1-yl)piperidine
building blocks in hand,?® a series of new fluoroquinolone com-
pounds were synthesized by the reaction of these building blocks
with quinolone core 32 in the presence of triethylamine with
40-83% yields (Scheme 5).

The minimal inhibitory concentrations (MICs) or the lowest drug
concentration that prevents visible growth of bacteria, were deter-
mined by a standard broth microdilution technique according to
Clinical and Laboratory Standards Institute guidelines.?® As can be
deduced from these data, all of the synthesized compounds exhib-
ited potent antibacterial activity.2” This activity seems to be modu-
lated through the 4-substituted 4-(1H-1,2,3-triazol-1-yl)piperidine.

The in vitro antibacterial activity results listed in Table 1 re-
vealed that the phenyl substituted quinolone 34.5 and hydroxy-
methyl substituted quinolone 34.6 showed equal activities
against Staphylococcus epidermidis. The quinolone 34.6 exhibited
superior activity against Staphylococcus aureus (MIC =0.125 pg/

Table 1

mL) and Escherichia coli (0.5 pg/mL), and compound 34.5 displayed
good activity against multidrug-resistant Staphylococcus aureus
(0.5 pg/mL) clinical isolates and Enterococcus faecalis (1 pg/mL).
In contrast, the quinolone 34.5 exhibited low potency against Pseu-
domonas aeruginosa and multidrug-resistant Pseudomonas aerugin-
osa clinical isolates (MIC >32 pg/mL).

Aminomethyl substituted quinolone 34.9, compared with phe-
nyl and hydroxymethyl substituted quinolones 34.5 and 34.6, sig-
nificantly decreased the activity of most bacterial strains except P.
aeruginosa and multidrug-resistant P. aeruginosa, for which quino-
lone 34.6 was 32-64-fold more potent than quinolone 34.9.

Quinolones 34.11 and 34.13, with both a 4-substituted methyl
ester and an amide at the triazole, had similar activities against
S. aureus, P. aeruginosa and multidrug-resistant P. aeruginosa. Quin-
olone 34.11 had superior activity against E. coli (1 png/mL), whereas
quinolone 34.13 displayed superior activity against E. faecalis
(4 pg/mL). However, the two quinolones were less potent than
quinolone 34.6.

Formyl at the triazole substituted quinolone 34.15 displayed
good activities against most pathogens. It exhibited excellent
in vitro antibacterial activities against S. epidermidis (0.031 pg/
mL), which is 16-fold more potent than that of ciprofloxacin
(0.5 pg/mL), and showed equal potency against S. aureus to cipro-
floxacin (0.125 pg/mL). It is very interesting that quinolone 34.15
maintained good antibacterial activity against both Gram-positive
and Gram-negative strains. For example, the MIC against S. epide-
rmidis (0.031 pg/mL) was superior to that of ciprofloxacin
(0.5 pg/mL), while the MIC against E. coli (0.25 pg/mL) was compa-
rable to that of ciprofloxacin (0.125 pg/mL). In addition, it also
demonstrated potency against P. aeruginosa (16 pg/mL) although
it was less potent than that of ciprofloxacin (0.5 pg/mL). This re-
sults was similar with that of Srivastava, B. K. reported, a series
of quinolones bearing the 4,5,6,7-tetrahydro-thieno[3,2-c]pyridine
moiety attached at the C7 position, especially the formyl derivative
1-cyclopropyl-6-fluoro-7-(2-formyl-6,7-dihydrothieno[3,2-c]pyri-
din-5(4H)-yl)-8-methoxy-4-ox0-1,4-dihydroquinoline-3-carboxylic
acid showed excellent activity in vitro antibacterial test against all

In vitro MIC values of novel quinolones in various Gram-positive and Gram-negative bacteria®

Compound R Gram-positive Gram-negative

S.al S.a.2 S.e E.f. E.c. P.a.l P.a.2
345 -Ph 0.5 0.5 0.5 1 32 >32 >32
34.6 -CH,OH 0.125 >32 0.5 2 0.5 32 32
349 -CH,NH, 16 >32 32 >32 16 32 32
34.11 -COOCH; 1 >32 1 16 1 32 32
34.13 -CONH, 1 >32 2 4 4 32 32
34.15 -CHO 0.125 >32 0.031 2 0.25 16 32
34.18 -CH(CH3)OH 2 >32 2 8 1 32 32
34.19 -CH(C,;Hs)OH 2 >32 2 8 1 32 32
34.21 -CHNOH 1 >32 1 4 2 32 32
34.27 -CHNOCH; 0.25 >32 0.5 4 2 32 32
34.28 -CHNOCGC,Hs 0.5 32 1 4 4 32 32
34.29 -CHNOCH,CHCH, 0.5 8 2 8 4 32 32
34.30 -CHNOCH,CCH 0.5 32 1 8 4 32 32
34.31 -CHNOBn 1 4 1 4 8 32 32
Ciprofloxacin 0.125 >32 0.5 1 0.125 0.5 16
Vancomycin 1 1 2 0.5

2 MIC were determined by microbroth dilution technique and values reported in the table represent the values obtained in triplicate. S.a.1, Staphylococcus aureus
ATCC25923; S.a.2, multidrug-resistant Staphylococcus aureus clinical isolates; S.e., Staphylococcus epidermidis ATCC12228; E.f., Enterococcus faecalis ATCC29212; E.c., Esche-
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the bacteria strains, which exhibited 4-8-folds superior antibacte-
rial activity than ciprofloxacin.®

Two chiral quinolones 34.18 and 34.19 have equal activities
against all bacteria, and displayed moderate activities against S.
aureus (2 pg/mL), S. epidermidis (2 pg/mL) and E. coli (1 pg/mL).

The oxime and alkyloxime substituted quinolones 34.21, 34.27,
34.28, 34.29, 34.30 and 34.31 all showed good activities against
Gram-positive pathogens, such as S. aureus and S. epidermidis.
Among them, quinolone 34.27 exhibited superior potency against
S. aureus (0.25 pg/mL) and S. epidermidis (0.5 pg/mL) than the other
quinolones, which was comparable to that of ciprofloxacin (0.125
and 0.5 pg/mlL, respectively). Quinolones 34.28, 34.29, 34.30 and
34.31 exhibited good activity against multidrug-resistant S. aureus.
Benzyloxyimino substituted quinolone 34.31 exhibited good anti-
bacterial activities against multidrug-resistant S. aureus (4 pug/mL)
than any other alkyloxime substituted quinolone and ciprofloxacin
(MIC >32 pg/mL). In contrast, the oxime and alkyloxime substi-
tuted quinolones 34.21, 34.27, 34.28, 34.29, 34.30, 34.31 all dis-
played moderate potency against E. coli and P. aeruginosa.

In conclusion, we have synthesized a series of new quinolones
based on 4-substituted 4-(1H-1,2,3-triazol-1-yl)piperidine as the
C7 building blocks of quinolone core 32.2° The in vitro antibacterial
activity assay demonstrated that the quinolones exhibited good
antibacterial activities to most organisms. The phenyl substitute
quinolone 34.5 displayed superior antibacterial activities against
multidrug-resistant S. aureus, S. epidermidis and E. faecalis, whereas
it exhibited mild potency to Gram-negative strains. Quinolone 34.6
displayed excellent antibacterial activities against S. aureus, S. epi-
dermidis and E. coli, which is comparable to the reference drug. The
formyl substitute quinolone 34.15 displayed good and balanced
activities against both Gram-positive and Gram-negative organ-
isms, especially against S. epidermidis. The oxime and alkyloxime
substituted quinolones exhibited good antibacterial activities
against the Gram-positive strains. In particular the methoxyimino
substituted quinolone 34.27 displayed the highest inhibitory activ-
ities against S. aureus and S. epidermidis. In the light of the increas-
ing need for treatments against infections caused by Gram-positive
pathogens, this series of quinolones may be a potential scaffold for
the exploration of new quinolone antibacterials. Further work on
the antibacterial activity of these compounds using an expanded
panel of organisms and in vivo efficacy models are in progress.
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48 h. DCM (20 mL) and saturated NH,4Cl solution (20 mL), were added and then
the organic phase was separated the aqueous phase was extracted with DCM
(20 mL) and the combined organic phase washed with brine (50 mL), dried over
MgSO,. The filtrate was concentrated under reduced pressure and the residue
was purified by column chromatography (Petroleum ether/ethyl acetate = 4:1)
to get compound 22 (0.433 g, 1.40 mmol), yield 70%.
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2863

The bacterial strains used for susceptibility studies were either clinical isolates
from the hospital culture collection or reference strains from the American
Type Culture Collection. MIC data for selected strains are expressed in pg/mL.
For comparison, ciprofloxacin and vancomycin were employed as reference
drugs.
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The proposed structures are supported by the 'H NMR and mass spectra.
Selected NMR and LC-ESIMS data see Supplementary data.
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