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INTRODUCTION

Over a few decades. medicinal chemists have
devoted significant cfforis (o develop siructurc-
activity rclationships (SAR) for (he quinolone class
of antibacterial agents. This ¢ffort has rendered scv-
cral of the most polent. orally active anti-infective
agents available today. filling the need for stuctur-
allv novel therapeutic agents for use against increas-
ingly resistant pathogens.'

The new fluoroquinolones are structurally charac-
terized by a five- or six-membered nitrogen-linked
Ieicrocycle at C-7. Particularly notable in this regard
arc (he 1-piperaziny] and the 3-amino-1-pyrrolidi-
nv| substituents. present in several of clinically rel-
cvant quinolones. Our initial SAR studics about
C-7 amino-derivatives were coneentrated on the pyr-
olidine mimics. mecthylthio-substituted  pymrolidines
which sulfur atom has lone pair electrons that can
participate in hydrogen bonding with drug target
and increase the liphophilicity of the novel com-
pourds.’ Also. we have designed novel pymolidines.

which possessed both a methylthio substitute and
an amine substitute.” While almost all of the nitro-
gen helerocyeles arc linked to the quinolone ring
through the heterocyclic nitrogen. less attention has
been paid (o the application of bicyclic amine. From
strictly chemical considerations. sulfur-substituicd
diazabicyclooctane derivative (2) can be ervisioned
(Chart 1), depending on the cyclization of 3-amino-
J-methyvithio-pyrolidine (1). In this paper. we report
the syntheses and antibacterial activities of new qui-
nolomne derivatives having sulfur-substituted bicy-
clic amine at the C-7 position.

RESULTS AND DISCUSSION

Alkaloids that contain saturated five- and six-
membered nitrogen heterocycles” and diazabicyclic
compounds® play an important role in many natural
or unnatural products since they are important com-
ponents in many biologically active compounds and
show potent biological activities. To demonstrate
the biological activity of quinolone having diazabi-
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cyclic derivative at C-7 position, we have designed
and synthesized the protected S-methylthio-2,7-
azabicyclo[3.3.0]octane 3.7 First of all, for applying
this derivative in the synthesis ol quinolone antibac-
terial agents, the Boc protection group of 3 was
deprotecied by TTFA o aflord 5-methylthio-2,7-
azabicyclo[3.3.0]octane 4 as shown in Scheme |
Next, the coupling reaction between compound 4
and the quinolone nucleus 5 was performed accord-
ing to the general procedures.” using DBU as a base
in refluxing acetonitrile, to generate the new qui-
nolone derivatives 6 in the range of 61-69% yield
(Scheme 2).

The novel quinolones (6) were tested for in vitro
antibacterial activity against 20 representative Gram-
positive and Gram-negative strains. Data (or selected
strains are reported as minimum inhibitory concen-
trations (MIC) expressed in pg/mL (Tuble 1). For
comparison, ciprofloxacin (CPFX) was employed
as a reference, In the C-8 substituted (X) series, the
order of antibacterial potency is CCl {6a)>CF (6b)
=N {6¢) as can be deduced from 7ubie 1.

Compounds 6a-6¢ show strong activity against

Table 1. In vitro antibacterial activity (MIC. pgiml)

Compounds

Strains’

6a 6h 6c CPFX"
S.p. A 308 0.391 1.563 3125 3125
Sp. ATT 0.195 0.391 0.781 0.781
S.£.MD 8b 0.195 (.391 31258 0.391
S.a.8G 51 0.049 (L.098 0.193 (1.195
S.a.285 0.049 (L.098 0.193 0.781
S.a.503 0.049 (L.098 0.193 .391
[e. (355 0.098 (.049 0.049 0.004
Fe. DCO 0.781 (.781 1.303 0.195
[e.DC2 0.098 (.195 0.391 0.098
E.c. TEM 0.098 (L1935 0.195 (L013
E.c. I507E 0.098 (L1935 0.195 0.013
[a. 9027 1.563 1.563 3.125 0.391
Pa. 1592k 1.563 1.563 1.563 0.195
Pa. 1771 1.563 1.563 3.125 0.195
Pa. 1771M 0.781 (.781 (.781 0.098
S.L. 0.049 0.049 0.049 0.007
K.o. 1082E 0.013 0.013 0007  <0.002
K.o. [522E 0.098 0.195 0.195 0.013
En.c. P99 0.049 0.049 0.049 0.013
En.c. 132IE 0.025 0.025 0.025 <0002

*K.p Streptococens pyogenes. 8. Streptococens foecion.
E.a.: Stapfpilococcus enens. E.c.: Escherichia coli.

Pa.: Psendomonas aeruginosa. S.1.: Sabmonella piphimiviion.
K.o.: Klehsiefla oxvtoca. Enc.: Emerobacter cloacae
!CPFX = ciprotloxacin

Gram-positive bacteria. In particular, they are highly
polent against Strepfococcus pyogenes (110 3 folds
more potent than CPFX} and Staphviococcus aurens
(I o 4 folds more potent than CPFX). Among them,
6a displayed the most strong activity profile against
Gram-positive bacteria. On the other hand, the novel
quinolones show somewhat less potent than CPFX
against Gram-negative strains.

In summary, a series of quinolone antibacterial agents
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Scheme 2. Synthesis of quinolone derivatives 6,
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having a 5-mcthylthio-2.7-diazabicyclo[3.3.0Joct-7-
vl moicty at the C-7 position has been synthesized
and the activitics were tested. They showed strong
activity against Gram-positive organisms but weak
activity against Gram-negative organisms compar-
ing to ciprofloxacin,

EXPERIMENTAL SECTION

Melting points were taken on a Gallenkemp melt-
ing point apparatus and are uncorrected. Proton NMR
spectra were recorded on Bruker FT-80 spectrome-
ter. Column chromatography was performed with
E. Merk silica gel. 70~230 mesh ASTM. and thin
layer chromatography was performed with silica
gel 60 F254 plates. The minimum inhibition con-
centrations (MICs in pg/ml) for new quinolone
derivatives were determined by using standard
technique'’ and compared to ciprofloxacin.

General Coupling Procedure. A solution of
quinolone nucleus 3 (0.5 mmol). 5-methylthio-2.7-
azabicyclo[3.3.0]octane 4 (0.6 nunol). Et,N (1.8 mmol),
and DBU (0.5 mmol) in CH,CN (4 mL) was
refluxed for 6 ~ 24 h. After cooling to rt. the formed
solids were filicred and washed with cold CH,CN
and E1.O 1o give (he desired product.

1-Cyclopropyl6-fluore-8-chlor-7-(5-methylthio-
2,7-diazabicyclo|3.3.0]oct-7-¥1)-1 4-dih¥dro-4-oxo-
quinoline-3-carboxylic acid (6a): 61% vicld: mp
214-218 °C (decomp.). 'H NMR (DMSO-d,) &
0.95-1.23 (m. 4H). 2.19 (s. 3H). 2.11-2.33 (m. 2H).
3.27-3.38 (m. 5H). 3.93-4.12 (m. 2H). 438 (m,
1H). 791 (d. J=12.9Hz. 1H). 8.80 (s. 1H).

1-Cyclopropyl-6.8-difluoro-7-(S-methylthio-2,7-
diazabicyclo[3.3.0loct-7-)-1,4-dihydro4-oxo-quin-
oline-3-carboxylic acid (6b): 63% vicld: mp 186-
188 “C (decomp.): 'H NMR (DMSO-d,A+DC1) 5 1.08-

sl - SHs] - o2

1.27 (m. 4H). 2.18 (s. 3H). 2.06-2.27 (m. 2H). 3.21-
382 (m. 5H). 3.92~421 (m. 2H). 454 (m. H). 7.74
(d. J=13.6Hz. 1H). 8.62 (s. IH).

1-Cxclopropyl-6-fluoro-7<(3-methylthio-2,7-tiaza-
bicyclo[3.3.0)oct-7-¥1)-1 4~lihydro-4-0x0-1 8-naph-
thyridine-3-carboxylic acid (6¢): 69% vicld: mp
140-146 °C (decomp.). 'H NMR (DMSO-,) 3 0.95-
1.25 (nu 4H). 2.22 (5. 3H), 2.08-2.36 (m. 2H). 3.34-
3.82 (m. 3H). +.02-4.25 (m. 2H). 4.67 (. 1H). 8.09
(d. J = 12.6Hz. 1H). 8.61 (s. lH).
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