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AbstractÐA novel structural class of antibacterials, 2-(1H-indol-3-yl)quinolines, e�ective against methicillin-resistant Staphylo-
coccus aureus (MRSA), was discovered from a combinatorial library. A structure±activity relationship (SAR) study was conducted
to determine the pharmacophore and increase the potency of these compounds. Compounds were prepared that had minimum
inhibitory concentrations (MICs) <1.0mg/mL against MRSA and retained activity against two strains of glycopeptide inter-
mediate-resistant S. aureus (GISA). # 2000 Elsevier Science Ltd. All rights reserved.

Resistant bacterial infections are a serious threat to
community health.1 The frequency of methicillin-resis-
tant Staphylococcus aureus (MRSA) infections has been
increasing for the last decade and has developed into a
problem throughout the world. Vancomycin is the agent
of choice and is the last line of defense for MRSA
infections. Recent reports of clinical isolates of S. aureus
resistant to the glycopeptide antibiotics has further ele-
vated the medical community's concern.2 Consequently,
new classes of antibacterial agents, preferably bacter-
icidal compounds with novel mechanisms of action, are
needed. We now report the synthesis and potent in vitro
MRSA activity of 2-(1H-indol-3-yl)quinoline deriva-
tives. In addition, these agents are e�ective against gly-
copeptide intermediate-resistant S. aureus (GISA)
strains.

A combinatorial library of 2-(1H-indol-3-yl)quinolines
was prepared by utilizing solid-phase heterocyclic N-
oxide chemistry.3 The synthesis of 2 is a representative
example illustrated in Scheme 1.4 Initially, 1,2-diami-
noethane was attached to Wang resin, followed by the
coupling of quinoline-4-carboxylic acid and oxidation
with m-CPBA to give resin 1.5 The resin was then
allowed to sequentially react with benzoyl chloride and
5-bromoindole. Finally, treatment of this resin with 50%
tri¯uoroacetic acid (TFA) in dichloromethane (DCM)
yielded 2.6

Initial Kirby±Bauer screening of the library, containing
three compounds per well, against a panel of micro-
organisms (MRSA, vancomycin-resistant Enterococcus
faecium (VRE), Escherichia coli, Pseudomonas aerugi-
nosa, and Saccharomyces cerevisiae) identi®ed a subclass
of 2-(5-bromo-1H-indol-3-yl)quinoline derivatives with
signi®cant zones of inhibition (>15mm) versus MRSA
and VRE.7 Upon deconvolution, compound 2 proved
to be the most potent with activity against the two
Gram-positive organisms, MRSA (MIC=12.5 mg/mL)
and VRE (MIC=25mg/mL).8 None of the compounds
within this structural class was e�ective against Gram-
negative bacteria in vitro. Next, a series of derivatives
was prepared in order to increase potency and to evaluate
the structure±activity relationship (SAR) of this novel
class of antibacterial agents.

To assess the SAR of this structure class most e�ec-
tively, a more ¯exible synthetic strategy employing the
Doebner reaction was implemented.9 The synthesis of 6
is a representative example illustrated in Scheme 2. 2-
(Indol-3-yl)quinoline-4-carboxilic acid 5 was prepared in
moderate yield by allowing 3-chloroaniline (3) to stir with
1-tert-butoxycarbonyl-5-bromoindole-3-carboxaldehyde
(4) in the presence of pyruvic acid at 85 �C for 1 h.10 The
product was attached to a resin bound diamine utilizing
standard amide coupling conditions. Finally, the resin
was treated with 50% TFA in DCM to give 6. The
compounds utilized for the SAR study were prepared by
one of these two general methods. Additional deriva-
tives were prepared by functional group manipulation
of the substituent at the quinoline C-4 position.
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The lead molecule was divided into three distinct
regions: (i) the quinoline C-4 substituent; (ii) the quino-
line portion; and (iii) the 5-bromoindole region.

The SAR about the 4-position of the quinoline ring
indicated that it was quite tolerant of modi®cation
(Table 1). For example, introduction of an amide,
halogen, aminomethyl or hydroxymethyl produced
compounds 6, and 8±10 exhibiting potent activity
(MICs <1 mg/mL) against MRSA. Even compounds
that lacked a C-4 substituent, such as compound 11,
were quite potent in vitro versus MRSA. However, a
compound containing a 4-carboxylic acid substituent
(7), was found to be inactive (MIC=25 mg/mL).11

Antibacterial activity was improved by the introduction
of hydrophobic substituents onto the quinoline ring
(Table 2). For example, the unsubstituted lead com-
pound 2 was found to be only moderately active
(MIC=12.5 mg/mL). However, introduction of halogens
to the 5-, 6-, 7-, or 8-position of the quinoline ring pro-
duced compounds that had signi®cantly better activity.
A chlorine group at the 7-position appeared to be opti-
mal. Compound 13, which contained a propargyl amine
in the 6-position, was prepared from the corresponding
iodide utilizing a palladium mediated coupling reaction
(Scheme 3), and retained reasonable antibacterial activ-
ity (MIC=3.13 mg/mL).12

From the initial library, the importance of the 5-bromo-
indole was evident, nevertheless, a series of compounds

was prepared to fully evaluate the SAR of the indole
ring (Table 3). Compound 21, which lacked the halogen
substituent on the indole ring, was only moderately
active (MIC=5.00 mg/mL), whereas compounds that
were substituted with a halogen (F, Cl or Br) at the
indole 5- or 6-position (i.e., 23±26) demonstrated potent
antibacterial activity against MRSA. Interestingly,
derivatives that contain the halogen at either the indole
4- or 7-position (i.e., 22 and 27) were inactive. In addi-
tion, introduction of hydrophilic groups (i.e., CN; 30 or
OH; 31) or small ether groups (i.e., OMe; 29) at the
indole 5-position were also detrimental to antibacterial
activity.

Three compounds (6, 9, and 13), were screened versus
two clinical isolates of S. aureus (HP 5827 and HP 5836)
resistant to the glycopeptide antibiotic vancomycin
(Table 4). All three compounds retained good activity
versus these clinically important strains, MICs=0.39±
3.13 mg/mL.

Scheme 1. (a) 4-Quinolinecarboxylic acid, PyBOP, NMM, DMAP,
DMF, rt, 24 h; (b) m-CPBA, DCM, 24 h; (c) (i) PhC(O)Cl, DCM, rt,
10min; (ii) 5-bromoindole, DCM, rt, 6 h; (d) TFA:DCM (1:1), rt, 1 h.

Scheme 2. (a) Pyruvic acid, acetic acid, 85 �C, 1 h; (b) PyBOP, NMM,
DMF, rt, 24 h; (c) TFA:DCM (1:1), rt, 1 h.

Table 2. Structure±activity relationships around the quinoline portion

Compd R MIC (mg/mL) MIC (mg/mL)
MRSA VRE

2 H 12.5 25
6 7-Cl 0.78 1.56
13 6-R0; 7-Cl 3.13 6.25
14 6-Cl 1.56 3.13
15 5,7-diCl 0.78 1.56
16 7,8-diCl 0.78 0.78
17 7-F 3.13 3.13
18 8-Cl 1.56 3.13
19 8-F 6.25 12.5
20 6,7-OCH2O 12.5 NDa

aND, not determined.

Table 1. Structure±activity relationships around the C-4 substituent

Compd R MIC (mg/mL) MIC (mg/mL)
MRSA VRE

6a C(O)NH(CH2)2NH2 0.78 1.56
7 CO2H 25 25
8 Cl < 0.39 3.13
9a CH2NH2 0.78 1.56
10 CH2OH 0.31 2.50
11 H 0.60 >25

aTFA salt.
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In conclusion, a novel structural class of 2-(1H-indol-3-yl)-
quinoline antibacterials with potent in vitro (<1.0mg/
mL) activity versus Gram-positive bacteria has been dis-
covered. Several analogues were e�ective against two
important glycopeptide intermediate-resistant S. aureus

(GISA) clinical isolates, however, none of the analogues
were e�ective against Gram-negative bacteria in vitro. A
SAR study revealed that the indole portion was sensi-
tive to structural changes while the quinoline, especially
at the C-4 region, was tolerant to several modi®ca-
tions. Studies are currently underway to evaluate the
in vivo e�cacy of this series of compounds.
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