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Abstract—This report describes 9 H-isothiazolo[5,4-b]quinoline-3,4-diones (ITQs) containing aromatic groups at the 7-position that
were prepared using palladium-catalyzed cross-coupling and tested against a panel of susceptible and resistant bacteria. In general,
these compounds were more effective against Gram-positive than Gram-negative organisms. Many of the ITQs were more potent
than contemporary quinolones and displayed a particularly strong antistaphylococcal activity against a clinically important, multi-
drug-resistant strain. In contrast with ITQs reported previously, several of the analogues described in this Letter demonstrated low

cytotoxic activity against a human cell line.
© 2005 Elsevier Ltd. All rights reserved.

The quinolones are a well-known class of broad-spec-
trum bactericidal agents that inhibit essential type II
bacterial topoisomerases such as DNA gyrase'> and
topoisomerase 1V.?> Although several generations of
quinolones have emerged in the 40 years since their
initial discovery, the core structure of therapeutically
useful quinolones continues to incorporate the 4-pyri-
done-3-carboxylic acid moiety (Fig. 1).* Bioisosteric
substitution of the carboxylic acid at C-3 is generally
detrimental to the antibacterial activity of quinolones;’
however, replacement of this group with a ring-fused
isothiazolone surrogate enhanced bioactivity (2- to 10-
fold based on limited published data) of the resulting
isothiazoloquinolones (ITQs, Fig. 1).° These tricyclic
quinolones utilized small nitrogen-containing heterocy-
cles attached directly to the ITQ nucleus at C-7 through
a C-N bond (nitrogen-coupled). Unfortunately, these
potent antibacterial agents inhibited both bacterial and
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Figure 1. Structures and numbering schemes of a quinolone (cipro-
floxacin) and an isothiazoloquinolone (A-62824).

mammalian topoisomerase I1'° and caused related topo-

isomerase II-mediated DNA breakage in cell-free as-
says—an activity that was correlated with mammalian
cytotoxicity.!! Another successful approach for prepar-
ing potent analogues with structures that deviate from
conventional quinolones is replacement of the amino
substituents at C-7—groups studied extensively because
of their strong influence on potency and safety of quin-
olones'>—with aromatic groups bonded directly to the
quinolone nucleus through a C-C bond (carbon-cou-
pled).'!* Garenoxacin, a quinolone of this subclass that
was described recently,'>"!7 has shown great promise in
advancing toward the market due, in part, to its strong
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activity against quinolone-resistant Gram-positive
strains. As part of our efforts to develop new quinolones
with exceptional potency against emerging quinolone-
resistant organisms, we describe the synthesis and anti-
bacterial evaluation of novel ITQs that contain aromatic
groups carbon-coupled to the 7-position. Specifically,
we limit our discussion to analogues that contain func-
tionalized phenyl substituents. Our primary objectives
are (a) to optimize the potency of these compounds
against resistant strains of Staphylococcus aureus and
(b) to restrict their mammalian cytotoxicity to concen-
trations that exceed their therapeutic range.

Our synthetic strategy involved introduction of carbon-
linked pendant groups via palladium-catalyzed cross-
coupling of organoboron compounds with an ITQ
nucleus containing a bromide at C-7. The 7-bromo
ITQ nucleus was prepared from keto ester 1'* using
the synthetic sequence outlined in Scheme 1 that fol-
lowed an earlier report on the synthesis of the 7-fluoro
ITQ nucleus.'® Sequential treatment of 1 with cyclopro-
pyl isothiocyanate, sodium hydride, and methyl iodide
at room temperature generated ketene N,S-acetal 2 in
94% yield. Subsequent reaction of 2 with sodium hy-
dride at 75 °C effected ring closure to give 3 in 93% yield.
Unlike that reported for the 7-fluoro ITQ nucleus, we
found that oxidation of 3 with m-chloroperbenzoic acid
followed by displacement of the resulting methyl sulfinyl
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Scheme 1. Reagents and conditions: (a) ¢-PrNCS (1.7 equiv), DMF,
rt, then NaH (1.07 equiv), 0 °C — rt, 20 h, then Mel (1.7 equiv), rt, 4 h,
94%; (b) NaH (1.05 equiv), DMF, 75°C, 18 h, 93%; (c) anhydrous
NaSH (1.5 equiv), THF, 45 °C, 18 h, 84%; (d) H,NOSOsH (4.2 equiv),
NaHCO; (10 equiv), H;O/THF, 85%; (e) ArB(OR’), where Ar = aryl
and R’ = H or —-C(CH3)— (2-3 equiv), NaHCOj3 (10 equiv), Pd(PPhs),
(5 mol %), DMF/H,0, MWI (130 °C), 10-20 min, 30-50% yield after
HPLC purification.

group with sodium hydrosulfide was unnecessary: meth-
yl thioether 3 was converted directly to thiol 4 in 84%
yield using excess anhydrous sodium hydrosulfide with
gentle heating in tetrahydrofuran. To prevent oxidative
degradation of 4, we reacted this compound directly
(without purification) with hydroxylamine-O-sulfonic
acid under basic conditions to give the desired ITQ
intermediate 5'° in 85% yield. Microwave-assisted Suzu-
ki-Miyaura cross-coupling of the ITQ nucleus 5 with
the desired boronic acids or dioxaborolanes furnished
derivatives 6-38, typically, in 30-50% yield after HPLC
purification,?® with 2-substituted phenyl derivatives hav-
ing the lowest yields. The boronic acids and dioxaborol-
anes used in this study were either (a) purchased from
commercial suppliers or (b) prepared from the corre-
sponding commercially available bromides using stan-
dard methods.?! The exceptions were boronic acid 40
and dioxaborolane 42 (Scheme 2) that were used to pre-
pare ITQ analogues 35 and 36, respectively.

The minimum inhibitory concentrations (MICs)?? of
ITQ analogues were determined against quinolone-sus-
ceptible and quinolone-resistant pathogens (Tables 1
and 2), and were compared directly with that of their
corresponding 3-carboxylic acid counterpart ciprofloxa-
cin (CIP). Because this class of compounds was also ex-
plored previously as antineoplastic agents,!! we tested
their cytotoxic activity in human Hep2 cells (laryngeal
carcinoma).”> Most of the ITQs were more effective
against Gram-positive (S. aureus) than Gram-negative
(Escherichia coli) organisms. Several ITQs were excep-
tionally potent (MICs <1 pg/mL) against methicillin-re-
sistant S. aureus (MRSA, Table 1)—activities that were
superior to those of contemporary quinolones such as
gatifloxacin (GAT), gemifloxacin (GEM), and moxiflox-
acin (MFX). One of the most active compounds that we
tested against MRSA was the hydroxy analogue 18. This
compound, however, showed strong inhibitory activity
against human topoisomerase II’* (EC, = 15uM?)
and strong cytotoxic activity (Table 1). Nitrogen-cou-
pled ITQs described previously!®!! (e.g., A-62824,
Fig. 1) also showed strong activity against mammalian
topoisomerase II (EC, =20 uM) and strong cytotoxic
activity (Table 1). Our data suggest that this undesirable
activity may not be a class effect for ITQs,?® but rather, a
complex function that relies heavily on the contributions
of the individual C-7 components. For example, as
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Scheme 2. Reagents and conditions: (a) H, (3 atm), 10% Pd/C, EtOH,
rt, 48 h, quant.; (b) Boc-glycine (1.5 equiv), BOP (1.5 equiv), DIEA
(4.2 equiv), DMF, rt, 3 h, 70%; (c) neat TFA, rt, 1 h, quant.
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Table 1. Minimum inhibitory concentrations (MICs) and cytotoxic activities of ITQs"
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Compound R MIC (ug/mL) Cytotox (72 h) CCsq (LM)
Ec Sa MRSA (MRQRVY
CIP 0.02 0.25 32 >100
A-62824 0.004 0.05 4.0 7
GAT 0.015 0.125 8.0 67
GEM 0.015 0.03 2.0 46
MFX 0.015 0.06 2.0 >100
6 H 0.06 0.004 16 >100
7 3-H,NC(O) 0.125 0.008 2.0 ND
8 3-Ac 0.125 0.004 2.0 >100
9 3-AcNH 0.125 0.004 64 ND
10 2-NC 2.0 0.125 >64 >85
11 3-NC 0.03 0.001 0.125 >100
12 4-NC 1.0 0.03 16 >100
13 4-NC-CH, 0.02 0.002 0.50 84
14 2-F 0.125 0.015 8.0 >100
15 3-F 0.125 0.004 1.0 96
16 4-F 0.25 0.03 32 >100
17 3-HO 0.06 0.004 0.25 >100
18 4-HO 0.03 0.004 0.125 8
19 2-MeO 2.0 0.125 32 >84
20 3-MeO 0.125 0.004 2.0 26
21 4-MeO 0.125 0.015 2.0 91
22 3-MeO-4-HO 0.06 0.001 0.125 4
23 4-HO-3,5-Me, 0.125 0.001 2.0 ND
24 3-HO-CH, 0.125 0.008 2.0 ND
25 4-HO-CH, 0.06 0.004 4.0 25
26 2-H,N 0.125 0.03 64 46
27 3-H,N 0.004 0.008 8.0 >100
28 4-H,N 0.06 0.004 0.50 34
29 3-H,N-4-Me 0.125 0.008 2.0 18
30 3-H,N-4-F 0.125 0.008 0.50 28
31 3-Me,N 2.0 0.06 32 >100
32 4-Me,N 0.50 0.001 4.0 51
33 3-H,N-CH, 0.015 0.015 2.0 8
34 4-H,N-CH, 0.015 0.03 8.0 4
3s° 4-H,N(CH,), 0.06 0.02 >64 11
36° 4-H,NCH,C(O)NH 1.0 0.25 64 >75
37° 3-(2-Piperidinyl) 0.125 0.06 8.0 4
38° 4-(2-Piperidinyl) 0.25 0.125 4.0 4

& Abbreviations: CIP, ciprofloxacin; Ec, Escherichia coli ATCC 25922; GAT, gatifloxacin; GEM, gemifloxacin; MFX, moxifloxacin; MRQRV!,
methicillin- and quinolone-resistant, vancomycin intermediate-resistant; MRSA, methicillin-resistant Staphylococcus aureus ATCC 700699; ND,

not determined; Sa, Staphylococcus aureus ATCC 29213.

® Prepared from the custom-made boronic acid or dioxaborolane (Scheme 2).
¢ Prepared from the custom-made dioxaborolane derived from the commercially available bromide.

shown previously for the quinolones,?* transposition of
the 4-hydroxy group of 18 to the 3-position (17) strongly
diminished the cytotoxic activity. Several other ITQs
listed in Table 1 also exhibited low cytotoxicity (CCsg
>100 uM). Compound 15 also demonstrates that both
strong cytotoxicity and inhibition of human topoisomer-
ase II are not class effects for all ITQs: 15 exhibited a 4-
to 12-fold better activity (MICs) against S. aureus
strains and >7-fold less cytotoxic and human topoiso-
merase II activity than A-62824 (15, CCso=96 uM
and EC, >150 uM). In addition, ITQs were active

against the target enzymes, inhibiting gyrase (E. coli)
and topoisomerase IV (S. aureus) at levels comparable
with those of quinolones (Table 2).%’

In general, substitution at the 2-position of the C-7
phenyl group effected significant reduction in antibacte-
rial activity (increase in MIC) when compared directly
with those of the 3- and 4-substituted counterparts (Ta-
ble 1). For most substituents, the activity of 3-substitut-
ed analogues against MRSA was greater than that of the
corresponding 4-substituted analogues (e.g., cf. 11 and
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Table 2. Minimum inhibitory concentrations (MICs) and activities
against the target enzymes gyrase and topoisomerase IV of selected
ITQs*

Compound Ec MIC Gyrase Sa MIC Topo IV
(ng/mL) (WT Ec) (ng/mL) (WT Sa)
ICsp (nM) ICso (kM)
CIP 0.02 0.3 0.25 1.0
A-62824 0.004 0.1 0.05 0.5
GAT 0.015 0.5 0.125 1.2
GEM 0.015 0.5 0.03 0.3
MFX 0.015 0.3 0.06 0.8
15 0.125 1.0 0.004 7.2
17 0.06 0.2 0.004 1.6
18 0.03 0.8 0.004 25
24 0.125 0.5 0.008 8.2
25 0.06 0.9 0.004 41
27 0.004 3.1 0.008 10
28 0.06 0.3 0.004 12
30 0.125 0.3 0.008 10
33 0.015 0.1 0.015 0.2
34 0.015 0.1 0.03 1.5
37 0.125 0.7 0.06 2.7
38 0.25 1.0 0.125 2.6

& Abbreviations: CIP, ciprofloxacin; Ec, Escherichia coli ATCC 25922,
GAT, gatifloxacin; GEM, gemifloxacin; MFX, moxifloxacin; ND,
not determined; WT, wild-type; Sa, Staphylococcus aureus ATCC
29213.

15 with 12 and 16, respectively). In many instances,
inclusion of OH or NH, into the C-7 phenyl group also
imparted strong activity against susceptible E. coli (Ta-
ble 2). Further modification of the OH and NH, groups
(e.g., one-carbon homologation and methylation) yield-
ed analogues with reduced overall antibacterial activity.

In summary, we described novel carbon-coupled ITQs
that displayed potent antistaphylococcal activities
(MICs ~0.1 pg/mL against MRSA) that are superior
to those of ciprofloxacin, gatifloxacin, gemifloxacin,
and moxifloxacin. Several of these ITQs exhibited cyto-
toxicity at concentrations (CCsy >100 uM) well above
their projected therapeutic range. Unlike data for previ-
ously reported compounds of this class, our data suggest
that high mammalian cytotoxicity is not a class effect of
ITQs and can be attenuated by judicious choice of sub-
stituents placed at the 7-position. A small set of com-
pounds (11, 13, 15, and 17) displayed acceptable levels
of cellular toxicity (CCsq >80 uM) and in vitro activity
against MRSA (<1 pg/mL) that are necessary for con-
sideration as candidates for further in vitro and in vivo
profiling.
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