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Abstract Incorporation of a bicyclo[ 1.1. llpent- l-y1 group at the N- 1 position of quinolone antibacterial agents 
affords compounds with potent activity. One of these analogs, U-87947& exhibits enhanced activity relative to 
that of ciprofloxacin against gram-positive aerobic bacteria and anaerobic organisms. Time-kill kinetic studies 
reveal that U-87947E is exquisitely bactericidal against ciprofloxacin-resistant S&&yZococcus uureus. 

The fluoroquinalones, exemplified by ciprofloxacin. continue to receive a great deal of attention from 

the medicinal chemistry community.’ Their potent and broad spectrum activity, unique mechanism of action 

involving inhibition of bacterial DNA gyrase, and the availability of oral and patenteral dosing forms, appears 

to justify the intense scrutiny. However, despite the noted advantages, resistance development occurs relatively 

frequently in infections caused by Pseudomonas aeruginosa, Staphyloccocus aureus, and Streptococcus 

pnemoniae.23 We were thexefore intrigued by the recent disclosure of potent quinolone analogs characterized 

by a terr-butyl group at the N-l position, exemplified by the clinical lead BMY-40062.4 This compound was 

reported to have improved activity relative to that of ciptofloxacin against staphylococci, strem and 

anaerobes. BMY-40062’~ ten-butyl residue also represented a significant SAR revelation. in that the old dogma 

had concluded that optimal antibacterial activity was achieved when the N-l substituent was ethyl or a 

bioisostere of ethyl? A consideration of other successful contemporary N-l substituents indicates that steric bulk 

alone cannot account for observed activity, and that electronic and spatial orientation facto=m also play an 

important role! Optimal activity in the tert-butyl series was realized with a naphthyridine ring system. 
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Corresponding analogs with a quinoline nucleus, especially the 8-fluoro congeners, were significantly less 

potent? Presumably, this reflects more pronounced steric interactions between the C-8 substituent and the tert- 

butyl residue at N-l. 

In contemplating sterically less demanding tertiary alkyl surrogates for the terr-butyl group, we wondered 

whether the bicyclo[l.l.l]pent-l-y1 (BCP) moiety would be a suitable replacement (see generic structure 1). 

Modeling studies indicated that the highly condensed BCP group would be significantly more tolerant of 

substitution at the g-position than the terr-butyl appendage, perhaps allowing analogs with a quinoline skeleton 

to attain a potency comparable to their naphthyridine counterparts. The ability to utilize the quinoline ring 

system would also allow more latitude in appending other known potentiating pups at C-5 and C-8. In 

addition, the BCP group was expected to exert a unique electronic effect in light of the increased 

electronegativity of its bridgehead carbon atom.* A detailed summary of structuxe-activity relationships in the 

BCP quinolone series will be presented elsewhere.9 In this paper we focus primarily on the synthesis of U- 

87947E, a BCP quinolone whose preparation can be viewed as representative for this subclass, and report on 

the remarkable antibacterial activity which it manifests. 

Chemistry 

1 UW947E 

The pivotal intermediate for preparing U-87947E, 1-bicycl~l.l.l]pentylamine hydrochloride (2), is 

readily prepared from commercially available methallyl dichloride by a sequence of well precedented steps as 

shown in the scheme.‘h”~‘2 
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The remaining steps involved in the preparation of U-87947E am detailed below.” Reaction of 
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tetrafluorobenzoylacetate 3 with triethyl orthofotmate in acetic anhydride led to an intermediate ethoxymethylene 

derivative” which was then treated with 1-bicyclo[ l.l.l]pentylamine hydrochloride (2) in the presence of 

Hiinig’s base to give the enamine 4. Cyclization of 4 tmder basic conditions proceeded smoothly to provide the 

key quinolone ester 5 (mp 176-178 “C) in 93% overall yield from 3. Displacement of the C-7 fluorine 

substituent of quinolone ester 5 with (i)-cis-3-(fert-butoxycarbonylaminomethyl)-4-methylpyn&line (6)” 

furnished the adduct 7 in high yield (85%). Removal of the BOC group was accomplished in 94% yield by the 

action of triflu oroacetic acid/dichlotomethane or aqueous HlVacetonitrile. Subsequent hydrolysis of the ester and 

treatment with methanesulfonic acid then afforded a 70% yield of the targeted quinolone U-87947E.‘6 
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Employing essentially identical procedures, but starting with the nicotinoylacetate 8a” and benzoylacetate 

Sb,‘s the BCP quinolone analogs !Ia and 5th. respectively, were pmpamd. 

rn:X=N,RnCI 
b:XrCH,R=F 

6s:X=N 
b:X=ai 
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Biokgical Evaluation and Dizmssion 

The in vitro antibacterial activity of U-87947E and ciprofloxacin was assessed by determination of 

minimal inhibitory concentration (MIC) values, and by the measurement of bactericidal activity in time-kill 

kinetic studies, using methods previously described. 2oP21p The basic spectrum of U-87947E activity was obtained 

with a battery of 24 stock and reference strains, while a mom extensive evaluation was conducted against 

multiple clinical isolates, including strains resistant to ciprofloxacin. 

U-87947E displayed broad spectrum activity against gram-positive and gram-negative aerobic bacteria, 

and also anaerobic organisms (data not shown)? Interestingly, a comparison of the activity of U-87947E to that 

of the congeners 9a and % revealed that U-87947E was slightly mom active than the other two BCP analogs. 

This finding confiied our supposition that, unlike their terr-butyl-substituted progenitors the BCP quinolones 

are significantly more tolerant of substitution at C-8. I9 Against clinical isolates (Table l), the activity of U- 

87947E against gram-negative aerobic bacteria was less than that of ciprofloxacin, while its activity against 

gram-positive aerobic bacteria and anaerobes was significantly enhanced. In a gratifying result, U-87947E was 

found to be greater than 32-fold more active than ciptofloxacin against ciprofloxacin-resistant Staphylococcus 

aureus, thus adding coverage where ciprofloxacin has a liability. 

Table 1. Activity of U-87947E and Ciprofloxacin Against Bacterial Clinical Isolates 

Organism (No. Strains) 

Enterococcus faecalis (10) 

MI&’ 

U-87947E ciprofloxacin 

0.25 2 

Staphylococcus aureus (12) 

Sraphylococcus aureus, tip-R2 (14) 

0.125 1 

0.50 >16 

Streptococcus pyogenes (10) 

Streptococcus pneumoniae (10) 

Escherichia coli (21) 

Haemophilus influenzae (10) 

Pseuabmonas aeruginosa (20) 8 2 

Bacteroides fragilis (12) 1 8 

’ Minimal Inhibitory Concentration Q@mL) of the drug for 9&% of the isolates tested 
2 . ciprotloxacin-resistant strains 

The bactericidal activity of U-87947E and ciprofloxacin is shown in Figure 1 [time-kill kinetics 
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expressed as log,, viable count in colony-forming units/r& (cfu/mL)]. Both compounds were bactericidal at a 

drug concentration which was Cfold the respective MIC against an antibiotic-sensitive strain of S. uureus 

(ATCf? 29213). However, when the drugs were tested against a ciprofloxacin-resistant strain of S. aweus 

(30864), U-87947E exhibited a profound bactericidal effect, even at a concentration equivalent to its INC. The 

in vitro data reported herein have correlated well with the efficacy of U-87947E in experimental animal models 

of human infection.’ Details of these studies and the structural features of U-87947E responsible for its 

exemplary anti-staphyloccocal activity wilJ be presented in due course. The exquisite activity of this BCP 

quinolone warrants fur&r developmental studies. 

Figure 1. Time-Kill Curves far U-8’7W7R and Ciprofloxacin 
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