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The Synthesis, Structure—Activity, and Structure—Side Effect Relationships of
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A series of 1-cyclopropyl-6-fluoro-8-alkoxy (8-methoxy and 8-ethoxy)-quionoline-3-carboxylic
acids and 1-cyclopropyl-5-amino-6-fluoro-8-alkoxyquinoline-3-carboxylic acids has been prepared
and evaluated for antibacterial activity. In addition, they were also compared to quinolones
with classic substitution at Cs (H, F, Cl) and the naphthyridine nucleus in a phototoxicity and
mammalian cell cytotoxicity assay. The series of 8-methoxyquinolones had antibacterial activity
against Gram-positive, Gram-negative, and anaerobic bacteria equivalent to the most active
8-substituted compounds (8-F and 8-Cl). There was also a concomitant reduction in several of
the potential side effects (i.e., phototoxicity and clonogenicity) compared to the most active
quinolones with classic substitution at C-8. The 8-ethoxy derivatives had an even better safety
profile but were significantly less active (2—3 dilutions) in the antibacterial assay.

Since Lesher’s discovery of nalidixic acid in 1962, a
tremendous amount of synthetic effort has been chan-
neled into the synthesis of quinolone antibacterial
agents." These research efforts have been rewarded by
very significant improvements in antibacterial potency
as well as in vivo efficacy. This progress has resulted
from changes in the basic quinolone nucleus, the place-
ment of a wide variety of substituents on these nuclei.
and, perhaps most importantly, the extensive structure-
activity relationship (SAR) studies on the effect of the
side chain at C; (Cij of the benzoxazine types).> The
contributions of many research facilities have allowed
us to reach the point where quinolones are some of the
most potent and broadest acting antibacterials known
to man.’

Some of the various structural modifications which
have provided the increased antibacterial activity and
efficacy have also resulted in a concomitant increase in
toxicity. A review of the structure—activity and struc-
ture—side effect relationships for the quinolones by
Domagala* highlights these trends.

One of the major contributors to two significant side
effects of the quinolone antibacterials, phototoxicity and
in vitro genetic toxicity, is the substituent at C.. The
highest phototoxicity is seen when the substituent is
halogen and the least when the substituent is O-alkyl,
with the order of decreasing phototoxicity as CF > CCl
>N > CH » CF; > COR.?

Although genetic toxicity appears to be a function of

three factors,* the nature of the substituent at Ci, the
side chain at C;, and the group at Cs, it was felt that a
beneficial effect on genetic toxicity could be achieved by
suitable substitution at Cs. Keeping in mind that the
contribution to cytotoxicity for the 8-substituent, in the
order of greatest to least, is CF, CCl, COMe > N > CCF,
> H and ofloxacin type, it was decided to more fully
investigate the 8-alkoxy derivatives.

Initial reports on Q-35 (1),° an 8-methoxyquinolone.
concimitant with our preliminary work in this area%1%
generally indicated good activity with less photoliability,
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which intensified our interest. It was decided to prepare
an expanded series of 8-alkoxy-substituted quinolones
and evaluate them for an improved phototoxic and
genetic toxicity spectrum side-by-side with many other
quinolones having conventional Cs substituents.

We had previously reported an extensive SAR study
which examined the effect of changes at the 8-position
of the quinolone nucleus on antibacterial activity.®
Keeping all of these variables in mind, we felt that by
the correct choice of the side chain at C;, we could
maintain both antibacterial activity and efficacy as well
as study the changes in toxicity provided by an 8-alkoxy
substituent.

Chemistry

The 8-alkoxyquinolone nucleus was prepared from
3-hydroxy-2.4,5-trifluorobenzoic acid (2)® using the syn-
thetic sequence outlined in Scheme 1. Alkylation of the
phenol and acid moieties followed by saponification of
the esters 3a,b and acidification provided the alkoxy
acids 4a,b. Standard literature procedures® led to the
formation of the keto esters 6a,b. which were converted
to the quinclone esters 8a,b via the diethyl (ethoxy-
methylene imalonate adducts, enamines 7a,b, and ring
closure. The diminished activity to displace the 7-fluoro
substituent caused by the 8-alkoxy group was overcome
by converting the ethyl ester to the boron difluoride
chelates 9a,b using boron trifluoride etherate in reflux-
ing tetrahydrofuran. The 5-amino-8-alkoxyquinolone
substrates were prepared as outlined in Scheme 2. The
quinolone esters 8a,b were nitrated using potassium
nitrate in sulfuric acid at ambient temperatures to give
the nitro esters 12a,b. Reduction of the nitro group
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Scheme 1°
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using hydrogen and Raney nickel followed by saponifi-
cation and acidification provided the 5-amino-8-alkoxy-
quinolone substrates 14a,b. In this case, the displace-
ment by the side chain could be accomplished without

conversion to the boron chelate. The title 8-alkoxy
(10a—m and 1lla—f) and 5-amino-8-alkoxyquinolone
(15a—g and 16a—c) compounds were prepared by
displacing the 7-fluoro substituent of 9a,b and 14a,b,
respectively, with the requisite side chains. In the cases
of the 5-hydro-8-alkoxy compounds, the boron ester
chelates were cleaved using aqueous triethylamine to
produce the free acids. Boc-protected side chains used
in the synthesis (3-aminopyrrolidine, 3-aminopiperidine,
and 3-(aminomethyl)-3-methylpyrrolidine) were also
cleaved using trifluoroacetic acid to provide the free
amines. The physical properties or references for all
quinolones tested in this study are summarized in Table
1.

Biological Assays

In Vitro Antibacterial. The series of 8-alkoxy- and
5-amino-8-alkoxyquinolones as well as selected refer-
ence agents were tested against 11 representative
Gram-positive and Gram-negative organisms and five
representative anaerobic organisms using standard
microtitraiton techniques,!® and their minimum inhibi-
tory concentrations (MICs in ug/mL) were compared in
multiple experiments and recorded in Tables 2 and 3.
Clinafloxacin (17¢), ciprofloxacin (22), and three highly
active 3-amino-pyrrolidine derivatives (17a, 17b, and
17e) were used as controls and are included in Tables
2—4.

Phototoxicity. Screening for photoliability!! was
also performed on selected compounds to determine
trends in photosafety. Compounds were tested for the
induction of phototoxic skin reaction in depilated, female
CD-1 mice which were exposed to UVA radiation (320—
400 nm) for a 3 h period, beginning 1 h after a single
oral or subcutaneous dose of drug. This regimen was
continued for up to 4 consecutive days. Results are
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Table 1. Synthetic and Physical Data of the Quinolone Antibacterials Prepared for This Studv
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R N
A
Compound Method
No, Rs B Rz ofpreps mp.°C  Formula(anal)® purificne Yield%d
Ve
10a H OMe ‘N\_JN_“ A 191-193  C;gH»nFN304-3.0H,0 (C. H. N) isoelectric pptn 80
VY
10b H OMe ‘NL_/,N‘ Me A 205-207 CioH3FN3O4-1.5H;0 (C, H, N) isoelectric pptn 3
Me
10¢ H OMe _/ <N_H A 159-162  CigH»FN304-0.75H,0 (C, H, N) isoelectric pptn 52
BN
! iw
10d H OMe —N N-H A 270-271 CxnHyuFN304-0.8HCI-1.0H,0 (C, H, N, F, C]) isoelectric pptn 64
Me
- M'{’I
10e H OMe N/\j B 200-202  CigHpoFN304-3.0H,0 (C, H, N) isoelectric pptn 89
—N_
NH,
10f H OMe =N B 198-201 C1gHoFN;304- 1.25HCI2.0H,0 (C. H. N) lyophilization 83
NH,
10g H OMe j B 179-180  C1sH»pFN304-1.0HCI-2.25H,0 (C, H, \) lyophilization 63
NH:
10h H OMe —-N A >300 C19HnFN304:2.0HC1-3.0H,0 (C, H, N, Cl) lyophilization 54
NHE(
108 H OMe —N A 207-208  CyHpFN304-1.0H,0 (C,H. N, F) isoelectric pptn 32
Me
N,
10§ H OMe —N B 179-182  CpH2FN304-0.5H,0 (C, K, N) isoelectric pptn 75
,NH-'
10k H OMe —vN ) B 181-182  CjgHpFN3O4-1.0H,0 (C.H. N, F) isoelectric pptn 71
N
—NH,
101 H OMe —N'l B 183-188  CxHyu FN304-1.0H,0 (C. H Ny isoelectric pptn 46
10m H OMe _ND—\m B 241-244  CynH24FN;304:1.0HCI1.75H,0 (C,H. N) recryst EtOH/H,0 34
lla H OEt —N\-_/N—'H A 168-169 CyH2s FN1O4 - 1.0HCI (C, H. N) isoelectric pptn 50
NH,
11b H OEt —Nj B 222-223  CyyHnFN304-0.9HCI-1.25H20 (C, H. N, F, C1) trit MeOH 52
NH,
11c H OEt —N B 201-203 CyHysFN30,4 (C, H. N, F) isoelectric pptn 49
N,
11d H OEt —K ) B 189-191 CoH2FN304:1.25H,0 (C.HLN) isoelectric pptn 57
"
1le H OEt —n ) B 171-172 CyH»%FN304:2.5H;0 (C. H. N) isoelectric pptn 24
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Table 1 (Continued)
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Compound Method .
No. Rs B & ofpreps mp.°C  Eormulaanal)e purificns Yield%d
NHE!
11¢ H OEt _Nd- B 229-230  CaHxnFN;3;04-2.25H;0 (C,H.N, B isoelectric pptn 3
Me
15 NH, OMe —NN-H c >300  CypHxsFN,0,1.0HCI0.75H;0 (C,H,N,F,Cl)  trit THF/MeOH 57
Me
N, ,
15b NH; OMe _ j C 196-197  CisH2FN(O4-3.0H;0 (C,H, N) isoelectric pptn 26
N,
18¢ NH; OMe __\ l C 202-204 Ci3Hy FN(O4(C,H,N) chromat. 18
N, ,
18d NH; OMe N C 188-191  CxpHxFN,04:0.5H;0 (C,H, N) isoelectric pptn 52
N,
15e NH; OMe - > C 218-219  CyoHnFNO41.0H20 (C,H,N) isoelectric pptn 41
18t NH; OMe — C>—N'l, C 224-225 Clgl-inFN‘O‘-4.0HzO (C,H,N) isoelectric pptn kx}
N,
15¢ NH, OMe —y c 203204  CypHsFN,0,-1.75H,0 (C,H, N, B isoelectric pptn 27
N,
16a NH; OEt — /\:f c 198-201  CioHpFN,04-1.0HC}-2.5H;0 (C, H, N) isoelectric pptn 26
16b NH; OEt __N/S/\N-I, C 212-215  CyuHpFNO4-1.0HCL0.75H,0 (C, H, N, F, C1) isoelectric pptn 64
N, .
16c NH, OEt _N: '> c 226228  CypHyFN,0,-3.5H,0 (C, H,N, F) isoelectric pptn 47
21a H H Ny c 219-222  CipHxzFN;04-1.25H,0 (C, H, N) isoelectric pptn 39
-5
21b H F c 232234 CipHy FaN;050.75H,0 (G, H,N) isoelectric pptn 46
21c H a C 265-266  CioHy CIFN;041.25H;0 (C,H, N) isoelectric pptn 20
N, .
21d H N N C 219-220  CigHy FN4O3-1.0HCE3.0H0 (C, H,N) Iyophilization 30
21e NH; F C 235236  CypHpFiN¢O5- 1.0HCI1.5H;0 (C,H, N) recryst MeOH/EL,0 36

@ Refers to the general method used and is described in the Experimental Section.  Symbols refer to those elements analyzed. Analyses
were +0.4% of the theoretical values. ¢ Trituration (trit) refers to grinding of the solids under solvent to produce a fine powder. Isoelectric
precipitation refers to dissolving the solid in aqueous base, adjusting the pH to 7.2, and filtering the solid that precipitates. ¢ Yields are
those obtained from the coupling step to final product isolation, including hydrolyses, reductions, and deprotections where applicable.

reported as the dose necessary to induce a phototoxic
reaction in 50% of the mice, PTDs¢, by the probit method
using initial doses of 30, 100, and 300 mg/kg. The raw
data was also used to assess the first day of positive
reaction and the no effect dose. The results are recorded
in Table 3.

Mammalian Cell Cytotoxicity. Representative
quinolones were also evaluated in a mammalian cell
cytotoxicity assayl? to estimate their clastogenic poten-
tial.!1® The clonogenic cytotoxicity was determined in
Chinese hamster V-79 cells. The cells were grown
overnight and treated with drug for 3 h at 37 °C, at

which time the compound-containing media was re-
placed with the fresh media. The cells were then
incubated for 5 days and examined for colony formation.
The concentration of drug inhibiting colony formation
by 50% (ICs0, ug/mL) relative to control was determined
and recorded in Table 3.

Results and Discussion

A comparison of the MICs of the 8-alkoxy- and
5-amino-8-alkoxyquinolones against clinafloxacin (17¢),
ciprofloxacin (22), and three very active quinolones with
the 3-aminopyrrolidine side chain (17a, 17b, and 17e)



4482 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 22

Table 2. Test Results for the Compounds in This Study

Sanchez et al.

minimum inhibitory concentrations (MIC’s, zg/mL)2?

Gram-negative organisms

Gram-positive organisms

compd E. cloacae E. coli K. pneumonia P, rettgeri P.aeruginosa S QWTeUS S foecalis S.pneumonia S. pyogenes
no. HA 2646 Vogel H560 MGH-2 H1771 Ul-18 H228 UC-76 MGH-2 SV-1 C203
10a 0.025 0.05 0.025 0.1 0.1 0.8 0.2 0.05 0.2 0.1 0.1
10b 0.1 0.1 0.1 0.2 04 0.8 0.1 0.05 0.2 0.2 0.2
10c 0.05 0.05 0.05 0.1 0.2 0.8 0.2 0.05 0.2 0.1 0.1
10d 0.1 0.1 0.05 0.2 0.8 3.1 0.1 0.05 0.2 0.1 0.1
10e 0.025 0.025 0.013 0.05 0.1 0.4 0.05 0.013 0.05 0.025 0.025
10f 0.025 0.025 0.025 0.025 0.05 0.8 0.05 0.025 0.05 0.05 0.05
l0g 0.025 0.025 0.025 0.05 0.1 0.4 0.05 0.013 0.05 0.025 0.025
10h 0.05 0.05 0.025 0.1 0.1 0.8 0.025 0.003 0.013 0.003 0.003
10i 0.1 0.1 0.05 0.2 0.4 1.6 0.025 0.006 0.05 0.013 0.013
105 0.1 0.1 0.05 0.2 0.4 1.6 0.025 0.006 0.025 0.013 0.013
10k 0.1 0.1 0.05 0.2 0.4 1.6 0.05 0.006 0.025 0.013 0.013
101 0.2 0.2 0.1 0.4 0.8 3.1 0.05 0.006 0.05 0.006 0.006
10m 0.1 0.1 0.1 0.2 0.4 1.6 0.1 0.05 0.05 0.025 0.025
1lla 0.1 0.1 0.05 0.2 0.4 3.1 0.2 0.05 0.2 0.05 0.2
11b 0.1 0.05 0.05 0.2 0.4 3.1 0.05 0.013 0.1 0.1 0.2
1l1lc 0.2 0.2 0.2 0.4 0.8 1.6 0.05 0.013 0.1 0.1 0.1
11d 0.4 0.2 0.2 0.4 0.8 3.1 0.1 0.025 0.2 0.2 0.2
lle 0.4 0.2 0.1 0.8 1.6 3.1 0.05 0.013 0.05 0.025 0.025
11f 1.6 0.8 0.8 31 >3.1 3.1 0.2 0.05 0.2 0.1 0.1
15a 0.2 0.2 0.1 0.4 0.8 3.1 0.1 0.025 0.2 0.05 0.1
15b 0.05 0.025 0.025 0.1 0.2 0.8 0.05 0.006 0.05 0.05 0.1
15¢ 0.05 0.05 0.05 0.1 0.2 0.8 0.025 0.013 0.1 0.025 0.05
15d 0.1 0.1 0.05 0.2 0.8 31 0.025 0.006 0.05 0.013 0.025
15e 0.1 0.1 0.05 0.2 04 1.6 0.025 0.006 0.05 0.006 0.013
15f 0.1 0.1 0.05 0.2 04 1.6 0.05 0.013 0.05 0.013 0.025
15¢g 0.2 0.1 0.1 0.4 0.8 3.1 0.05 0.006 0.025 0.025 0.025
16a 0.1 0.05 0.05 0.2 0.4 3.1 0.05 0.013 0.1 0.05 0.1
16b 0.4 0.2 0.1 0.8 1.6 3.1 0.1 0.025 0.1 0.05 0.1
16¢ 0.2 0.2 0.1 0.4 0.8 3.1 0.05 0.013 0.1 0.025 0.05
17ac 0.025 0.025 0.05 0.1 0.1 0.1 0.025 0.1 0.05 0.1 0.006
17b¢ 0.025 0.013 0.006 0.025 0.05 0.1 0.05 0.025 0.05 0.05 0.05
17¢c 0.025 0.013 0.006 0.025 0.025 0.05 0.05 0.013 0.05 0.05 0.05
17e° 0.006 0.006 0.003 0.006 0.025 0.05 0.013 0.006 0.025 0.006 0.025
21a 0.4 0.4 04 0.8 1.6 3.1 0.8 0.1 0.2 0.1 0.05
21b 0.05 0.05 0.05 0.2 0.2 0.4 0.1 0.013 0.05 0.013 0.013
21c 0.2 .01 0.05 0.2 0.2 1.6 0.025 0.003 0.05 0.003 0.003
21d 04 0.4 0.4 0.8 1.6 6.3 1.6 0.2 0.4 0.2 0.2
2le 0.05 0.05 0.025 0.1 0.2 0.8 0.025 0.003 0.013 0.003 0.13
22¢ 0.05 0.05 0.025 0.1 0.1 0.4 3.1 0.2 0.8 1.6 0.8

¢ Standard microdilution techniques; see ref 10. ¢ All values for 10a—m through 17a—e are accurate to +50% and have been obtained

from duplicate or triplicate experiments. See ref 10. ¢ Reference 7.

is summarized in Table 2. The 8-methoxy compounds
with the 3-aminopyrrolidine side chain (10e, 10f, and
10g) have activity equivalent to clinafloxacin vs Gram-
positive and Gram-negative organisms. Compounds
10h—1, 11e, 15b—g, and 16¢ (see Table 1 for structures),
while less active than clinafloxacin vs Gram-negative
organisms, were equipotent against Gram-positive or-
ganisms,

Phototoxicity. Data in Table 4 summarize the effect
of varying the 8-position of the quinolones on phototox-
icity potential. For analogues with either the 3-amino-
or the 3-(aminomethyl)-3-methylpyrrolidine side chain
at C-7, the rank order (least to most toxic) of photoxicity
liability for 8-position variants is OMe =N =H > Cl >
F. A limited comparison of analogues having the
3-aminopiperidine or cis-3,5-dimethylpiperazine side
chain shows the order of safety to be OMe = H > F.

The 8-OMe and 8-OEt groups also decrease the
phototoxic liability of quinolones having a 5-amino group
(with an 8-F substituent), as can be seen in the cases of
the 3-aminopyrrolidine and cis-3,5-dimethylpiperazine
(sparfloxacin) series.

Clonogenic Cytotoxicity. The effect of the 8-posi-
tion on clonogenicity (ICso) is exemplified by the 3-ami-
nopyrrolidine side chain at C; (Table 4). For this series,
the rank order (least to most toxic) of clonogenic

cytotoxicity liability for 8-position variants is OEt > N
> H > OMe > F > Cl. The 3-(aminomethyl)-3-meth-
ylpyrrolidine derivatives had the greatest clonogenic
liability, with safety in the order OEt > OMe > N = H
> F = Cl. The 8-alkoxy-7-[3-(aminomethyl)piperidine]
compounds had reduced colonogenic safety with the
order for the series being N > H > OEt > F > OMe >
Cl. The narrow series of cis-3,5-dimethylpiperazine
compounds reinforced the clonogenic safety of the
8-alkoxy compounds with OMe = H > F. In all of the
series studied (3-aminopyrrolidine, 3-aminopiperidine,
and 3-(aminomethyl)piperidine), the 8-OMe had much
greater clonogenic safety than the 8-F derivatives.
Anaerobic Activity. A comparison of the activity
of the 8-alkoxy derivatives vs compounds with the
standard substitution at the 8-position (H, F, Cl, N) and
the 5-NH, derivative of the 8-F analog, against five
representative anaerobic bacteria is summarized in
Table 4. The 8-OMe with the 3-aminopyrrolidine side
chain at C; (10e) has comparable activity to the most
active compounds of the series, those with an 8-F (17b)
or 8-Cl (17¢) substituent. The substitution with an
8-OEt (11b) lowers the activity to be equivalent to the
8-H (17a) and naphthyridine (17d) derivatives. The
activity of the 5-amino-8-alkoxy compounds 15b and
16a drops off when compared to the 5-amino-8-fluoro
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Table 3. Anaerobe Testing, Clonogenicity, and Phototoxicity

Bact Clost Clost Propion Pepto no
compd frag diff perf acnes asac clono photo. effect
no. BFA CD1-1 CP3-1 PA5-1 PA3-1 ICs* PTDs,® dose’

10a 0.8 1.6 04 0.4 31 82

10b 0.2 0.8 0.2 0.4 1.6

10c 04 16 04 0.4 0.8 85

10d 08 3.1 0.4 0.4 0.8 >500 =100 100
10e 0.2 0.4 0.1 0.2 0.8 45 >100 100
10f 04 0.8 0.5 0.2 0.4

10g 02 0.2 0.2 0.4 0.8 32

10h 02 0.2 01 0.2 0.2 10

101 0.4 02 005 0.4 0.2 22

105 0.4 0.8 0.2 0.4 0.8 38 >100 100
10k 0.4 0.8 0.4 0.2 0.8 69

101 22

10m 0.8 08 04 0.4 0.4 94

l1la 3.1 63 0.8 3.1 1.6

11b 16 3.1 0.8 16 0.8 210

lle 16 3.1 0.8 3.1 0.8 140 >100 100
11d 210

lle 31 3.1 04 3.1 0.4 63

11f 31 31 04 3.1 0.4 460

15a 1.6 3.1 0.4 1.6 0.8 >100 100
15b 1.6 3.1 0.2 0.8 0.8 100 >100 100
15¢ 1.6 3.1 0.8 1.6 1.6

15d 1.6 1.6 08 1.6 0.8 140

15¢ 1.6 16 02 0.4 0.8 290 >100 100
15f 3.1 3.1 0.8 3.1 1.6 60

15g 3.1 16 02 16 0.8 140

16a 3.1 125 0.4 3.1 0.8 220 >100 100
16b 16 6.3 0.8 6.3 0.8

16c 31 63 04 31 08

@ For the colongenic cytotoxicity studies, the ICsp is in x#g/mL.
b The phototoxicity studies are reported in mg.

derivative 17e. This trend continues for the 3-(ami-
nomethyl)-3-methylpyrrolidine side chain with the 8-Cl
derivative 18c¢ being the most active and the 8-OMe
(10j) and 8-F (18b) derivatives having identical activity.
With a 3-aminopiperidine side chain, the 8-methoxy
compound 10k has equivalent activity to the most active
compound of the series, the 8-Cl compound 19¢. The
compounds with the 3,5-dimethylpiperazine side chain
(C-7), including sparfloxacin (20d), have equivalent
activity. This activity is noticeably reduced when
compared to the pyrrolidine and piperidine analogs. The
trend is sustained for the 3-(aminomethyl)piperidine
analogs with the rank order being 8-F = 8-OMe >
8-OEt.

Summary. Within the series of 5-unsubstituted-8-
alkoxy- and 5-amino-8-alkoxyquinolones, the activity
against Gram-positive and Gram-negative aerobic bac-
teria was in the order 8-OMe > 5-NH;-8-OMe > 8-OEt
= 5-NH;-8-OEt. The best side chain in all cases was
the 3-aminopyrrolidine. The overall activity of the
compounds prepared for this study was better against
Gram-positive organisms than against Gram-negative
organisms.

The summary of phototoxicity testing from Table 4
shows the trend in photosafety to be 8-OMe = 8-OEt =
naphthyridine = CH >>> F, Cl. The 8-alkoxy sub-
stituent even improved the photoliability of the 5-NHj
compounds to make them as safe as the 5-H and
naphthyridine derivatives.

The activity of the 8-alkoxy series against anaerobes
was comparable to the most active compounds tested
without the phototoxicity and genetic liability inherent
in the 8-F and 8-Cl analogs. The 8-alkoxy derivatives
provided diminished in vitro genetic toxicity compared
to the 8-F and 8-Cl compounds and were usually
equivalent to the 8-H and naphthyridine analogs. The
8-alkoxy compounds had comparable activity to the
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5-amino-8-alkoxy analogs vs Gram-positive and Gram-
negative aerobic bacteria and were slightly more active
vs anaerobes. They had equivalent photosafety, and the
introduction of the 5-amino group diminished the in
vitro genetic toxicity.

Therefore, compounds 10e, 15b, 10k, and 15e having
the following substitution, 8-methoxy-7-(3-aminopyr-
rolidine), 5-amino-8-methoxy-7-(3-aminopyrrolidine),
8-methoxy-7-(3-aminopiperidine), and 5-amino-8-meth-
oxy-7-(3-aminopiperidine), were chosen as derivatives
for human therapeutics. This is based on their activity
against aerobic and anaerobic bacteria along with their
relative safety in the phototoxicity and clonogenic
cytotoxicity testing.

Experimental Section

Melting points were determined on a Hoover capillary
melting point apparatus and are uncorrected. Infrared (IR)
spectra were determined in KBr on a Nicolet FT IR SX-20
instrument. Proton magnetic resonance (NMR) spectra were
recorded a Varian EM-390 or a Varian XL-200 spectrometer.
Chemical shifts (8) are expressed in ppm, relative to internal
tetramethylsilane. Elemental analyses were performed on a
Perkin-Elmer Model 240 elemental analyzer. All compounds
had analytical results within £0.4% of their theoretical values.
All organic solutions were dried over magnesium sulfate, and
all concentrations of solutions and drying of precipitated solids
were performed in vacuo at 10—30 mmHg and ambient
temperatures. Flash column or medium pressure chromatog-
raphy was performed using silica gel (230 to 400 mesh) and
the solvent systems indicated in the experimental details.

Methyl 3-Methoxy-2,4,5-trifluorobenzoate (3a). A solu-
tion of 20 g (104 mmol) of 3-hydroxy-2,4,5-trifluorobenzoic acid
(2),% 62.5 g (440 mmol) of iodomethane, and 600 mL of DMF
was cooled to 0 °C in a salt-ice bath and treated, portionwise,
with 9.1 g (228 mmol) of 60% sodium hydride—mineral oil
(washed twice with 25 mL portions of hexane) over 1 h. The
reaction was stirred at ice bath temperatures for 18 h and the
solvent was evaporated. The residue was partitioned between
H20/CHCIl; (200 mL each) and adjusted to pH 7.0 with HOAc.
The organic layer was washed with 0.5 N NaOH and water,
dried, and evaporated to give 21.0 g (91%) of 8a as an oil: NMR
(CDCly) 6 3.94 (s, 3H, ester CH3), 4.06 (s, 3H, ether CHj3), 7.53
(m, 1H). Anal. (CsH;F303) C, H.

Ethyl 3-Ethoxy-2,4,5-trifluorobenzoate (3b). The above
reaction was repeated using 35.0 g (182 mmol) of 2, 113.5 g
(728 mmol) of iodoethane, and 22.0 g (550 mmol) of 60%
sodium hydride—mineral oil in 1050 mL of DMF to give 41.6
g (92%) of 8b as an oil: NMR (CDCl3) 6 1.36 (overlap. t, 6H),
4.14 (g, 2H), 4.25 (q, 2H), 7.54 (m, 1H). Anal (C1;H1,F303) C,
H

3-Methoxy-2,4,5-trifluorobenzoic Acid (4a). A solution
of 135 g (655 mmol) of 3a, 670 mL (670 mmol) of 1.0 N NaOH,
and 1.1 L of MeOH was stirred at room temperature for 3 h.
The MeOH was removed in vacuo and the aqueous residue
was washed with hexane (2 x 100 mL), acidified to pH 2.0
with 6.0 M HCl, and diluted with water as necessary to permit
stirring. The solids were filtered, washed with water, and
dried to give 83.0 g (61%) of 4a: mp 116—118 °C; NMR (CDCly)
0 4.08 (s, 3H), 7.55 (m, 1H). Anal. (CgH;F30;) C, H.

3-Ethoxy-2,4,5-trifluorobenzoic Acid (4b). The above
reaction was repeated using 41.6 g (168 mmol) of 3b, 200 mL
(200 mmol) of 1.0 N NaOH, and 700 mL of MeOH to give 29.3
g (79%) of 4b: mp 97—-98 °C; NMR (CDCl;) 6 1.43 (t, 3H), 4.28
(g, 2H), 7.56 (m, 1H). Anal. (CsH;F303) C, H.

3-Methoxy-2,4,5-trifluorobenzoyl Chloride (5a). A so-
lution of 82.0 g (397 mmol) of 4a, 700 mL of CHCl,, and 1
mL of DMF was cooled to 0 °C and treated dropwise with 62.8
g (495 mmol) of oxalyl chloride. The reaction was allowed to
come to room temperature, where it was stirred for 18 h. The
solvent was removed in vacuo, and the residue was dissolved
in 200 mL of CH:Cl; and concentrated in vacuo to give 92.3g
(>100%) of 5a, which was used without further purification.
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Table 4. Summary of Anaerobic Activity, Clonogenicity and Phototoxicity of 8-Alkoxyquinolones Compared to Quinolones with
Classical Substitution at C-8

B O O
YY)
w7 XN
Bact  Clost Clost Propion Pepto
S?om Ry Rs X %;:O ;hl%?dNoEffectDose féﬁfx é‘if)fx-x f:‘l;fs-x PAS1 PAX
172 N, gy CH 72 >30000 16 125 ol 16 16
1/ TR j H CF 30 153 02 04 0.05 0.2 0.4
17¢s  clinafloxacin =~ H ca 26 2318 01 04 0.1 0.2 0.4
17ds H N 98 >100/100 1.6 63 0.1 0.8 1.6
10e H COMe 45  >100/100 02 04 0.1 0.2 0.8
11b H COEt 210 - 1.6 3.1 0.8 1.6 0.8
17¢b NH, CF 15 523 04 16 0025 0.1 0.2
15h NH, COMe 100  >100/100 1.6 31 0.2 0.8 0.8
16a NH, COEt 220  >100/100 31 125 04 3.1 0.8
18ad Me H CH 23 >100/100 63 63 0.2 1.6 1.6
18be ﬁpNHz H CF 77 <3030 04 16 0.1 0.4 0.4
18c« —N H ca 8.6  <30/<30 005 0.2 0.05 0.2 0.2
184¢ H N 25 >300300 63 250 02 1.6 1.6
10§ H COMe 38  >100/100 04 08 0.2 0.4 0.8
11c H COEt 140  >100/100 1.6 3.1 0.8 3.1 0.8
18ed NH; CF - >30/30 08 16 0.025 04 0.2
15d NH; COMe 140 - 1.6 16 0.8 1.6 0.8
16b NH; COEB - - 1.6 63 0.8 6.3 0.8
19a¢ NH, H CH 560 >100/100 - - - --
19be __NQ H CF 53 5530 1.6 16 0.2 0.4 1.6
19ce H oa 4 - 02 04 0.1 0.2 0.4
194¢ H N 10 - 25 525 0.8 6.3 6.3
10k H coMe 69 - 04 08 0.4 0.2 0.8
114 H COEt 210 - - - - . -
19¢ NH; CF 19 - - - - - -
15¢ NH; COMe 290  >100/100 16 16 0.2 0.4 0.8
16¢ NH, COE - - 31 63 0.4 3.1 0.8
Me

20a¢ /_( CH >500 <100 1.6 63 0.2 0.8 0.4
e N NH CF 150 5530 1.6 3.1 0.2 0.8 1.6
10d Me H COMe >500 >100/100 08 3.1 0.4 0.4 0.8
20d*  spafloxacin = NHz  CF 370 2818 1.6 6.3 0.2 0.4 0.4
15a NH; COMe - >100/100 1.6 3.1 0.4 1.6 0.8
21a N, H CH 20 - . - . . .
21b __N/:g‘ H CF 48 - 1.6 08 0.2 0.8 0.4
21c H ca 17 - - - - - -
214 H N 2 - - . . . .
101 H comMe 22 - 08 08 0.4 0.4 0.4
1le H COBT 63 - 31 3l 0.4 3.1 0.4
21e NH; CF 38 - - . - - -
15g NH; COMe 140 - 31 16 0.2 1.6 0.8
22 ciprofioxacin - - 5320 1727100 3.1 63 0.4 0.8 1.6

¢ Reference 7. ¥ Reference 17. ¢ Reference 16. ¢ Reference 6. ¢ Reference 12a.
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3-Ethoxy-2,4,5-trifluorobenzoyl Chloride (5b). The
above reaction was repeated using 29.0 g (132 mmol) of 4b, 1
mL of DMF, 250 mL of CH,Cly, and 24.0 g (189 mmol) of oxalyl
chloride to give 32.1 g (>100%) of 5b, which was used without
further purification. '

Ethyl (3-Methoxy-2,4,5-trifluorobenzoyl)acetate (6a).
A solution of 103.0 g (780 mmol) of monoethyl malonate and
0.1 g of 2,2"-bipyridyl in 1.6 L of dry THF was cooled to —20
°C and treated dropwise with 592 mL (1.54 mol) of 2.6 M
n-butyllithium in hexanes, and the temperature was allowed
to reach —5 °C during the addition. After the addition was
complete (as indicated by a persistent light pink color, after a
total addition time of 1.5 h), the reaction mixture was cooled
to —78 °C and treated with a solution of 92.3 g (assume 397
mmol) of 5a in 1.6 L of dry THF. After the addition was
complete (2 h), the cooling bath was removed and the reaction
mixture was allowed to warm to —30 °C, where it was stirred
an additional 2 h. It was then quenched by being poured into
4 L of water containing 90 mL (1.08 mol) of concentrated HCl.
The mixture was extracted with EtOAc (3 x 750 mL), and the
combined organic layers were washed with water, dried, and
concentrated. The residue was recrystallized from EtOAc to
give 100.1 g (91%) of 6a as a semisolid: NMR (CDCl3) 6 1.27
(overlapping t, 3H), 3.95 (d, 0.9H, keto form), 4.02 (s, 3H), 4.21
(overlapping q, 4H), 7.46 (m, 1H), 12.71 (s, 0.1H enol). Anal.
(C12H11F304) C, H.

Ethyl (3-Ethoxy-2,4,5-trifluorobenzoyl)acetate (6b).
The above reation was repeated using 32.1 g (assume 132
mmol) of 5b, 0.1 g of 2,2’-bipyridyl, 34.7 g (263 mmol) of
monoethyl malonate, and 222 mL (578 mmol) of 26 M
n-butyllithium in a total of 1.5 L of dry THF to give a total
yield of 32.2 g (85%) of 6b as an oil which was used without
further purification: NMR (CDCl3) 6 1.37 (overlapping t, 6H),
3.93 (d, 0.8 H, keto form), 4.22 (overlapping q, 4H), 7.45 (m,
1H), 12.69 (s, 0.2H enol). Anal. (Ci3Hj3F304) C, H.

Ethyl 2-(3-Methoxy-2,4,5-trifluorobenzoyl)-3-(cyclo-
propylamino)acrylate (7a). A solution of 100.1 g (362
mmol) of 6a, 81.5 g (550 mmol) of triethyl orthoformate, and
950 mL of acetic anhydride was heated at reflux for 22 h and
concentrated. The residue was triturated with toluene (2 x
200 mL), which was also evaporated, and then concentrated
in high vacuo at 40—45 °C. The residue was dissolved in 500
mL of EtOH, cooled to 5 °C, and treated dropwise with 30.7 g
(540 mmol) of cyclopropylamine over 1 h. When the addition
was complete, the reaction mixture was allowed to come to
room temperature, where it was stirred for 18 h, The resulting
precipitate was filtered, washed with EtOH, and dried to give
75.1 g of 7a, mp 57—59 °C. The filtrate was concentrated and
the residue was chromatographed, eluting first with 95/5
CHCly/acetone and then with 90/10 of the same mixture, and
fractions were combined on the basis of TLC to give an
additional 27.9 g of 7a, mp 56—58 °C. The combined yield
was 103.0 g (83%): NMR (CDCl3) 6 0.86 (m, 2H), 0.95 (m, 2H),
1.08 (t, 3H), 2.97 (m, 1H), 4.00 (s, 3H), 4.06 (q, 2H), 6.87 (m,
1H), 8.18 (d, 0.25H), 8.21 (d, 0.75H), 10.85 (bd, 1H). Anal.
(C1eH16F3sNOy) C, H, N.

Ethyl 1-Cyclopropyl-6,7-difluoro-1,4-dihydro-8-meth-
oxy-4-0x0-3-quinolinecarboxylate (8a). A solution of103.0
g (300 mmol) of 7a in 2 L of dry THF was cooled to 5 °C and
treated portionwise with 12.6 g (315 mmol) of 60% sodium
hydride—mineral oil over 2 h. A precipitate developed during
the addition and the reaction was stirred for 18 h after the
addition was complete. The reaction mixture was treated with
water and HOAc to acidify it and the solid was removed by
filtration. After washing with cold THF, the precipitate was
dissolved in CH;Cly, washed with water, dried, and evaporated
to give 67.9 g of 8a, mp 179-181 °C. The filtrate from the
original precipitate was evaporated and the residue was
recrystallized from THF (twice) to give an additional 10.1 g of
8a. The total yield was 78.0 g (81%): NMR (CDCl;) 6 1.06
(m, 2H), 1.22 (m, 2H), 1.43 (t, 3H), 3.99 (m, 1H), 4.10 (s, 3H),
4.39 (q, 2H), 8.04 (t, 1H, Cs;H), 8.61 (s, 1H, CoH). Anal.
(C16H15F2NOy) C, H, N.

Ethyl 1-Cyclopropyl-6,7-difltuoro-1,4-dihydro-8-ethoxy-
4-ox0-3-quinolinecarboxylate (8b). A solution of 12.2 g
(42.1 mmol) of 6b, 9.8 g (69.0 mmol) of triethyl orthoformate,
and 85 mL of acetic anhydride was heated at reflux for 18 h.
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The solvent was removed and the residue was triturated twice
with toluene (100 mL), which was also removed in vacuo. The
residue was heated in high vacuo at 45 °C for 2 h and dissolved
in 60 mL of EtOH. The mixture was cooled to 0 °C in a salt—
ice bath and treated dropwise with a solution of 3.6 g (63.0
mmol) of cyclopropylamine in 5 mL of ethanol. The mixture
was allowed to stir for 18 h without additional cooling. The
solvent was removed and the residue was dissolved in 200 mL
of dry THF and cooled to 5 °C. The solution was treated
portionwise with 1.8 g (45.0 mmol) of 60% sodium hydride—
mineral oil and stirred to room temperature for 5 h. The
reaction mixture was treated with 100 mL of water and
acidified with HOAc. The solution was evaporated to dryness
and the residue was dissolved in CH;Cl;, washed with water,
dried, and concentrated. The residue was recrystallized from
EtOAc/heptane to give 5.6 g (39%) of 8b: mp 138-139 °C:
NMR (CDCl3) 6 1.05 (m, 2H), 1.22 (m, 2H), 1.41 (t, 3H), 1.43
(t, 3H), 3.98 (m, 1H), 4.28 (q, 2H), 4.32 (q, 2H), 8.02 (t, 1H,
CsH), 8.61 (S, ].H, CzH) Anal (Cl7H17F2NO4) C, H, N, F

1-Cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-
oxo-3-quinolinecarboxylic Acid—Boron Difluoride Che-
late (9a). A solution of 10.0 g (30.9 mmol) of 8a, 50 mL of
freshly distilled boron trifluoride etherate, and 150 mL of THF
was heated at reflux for 18 h. The reaction was cooled to room
temperature and diluted with 150 mL of Et;O, and the
precipitate was filtered, washed with Et;0, and dried to give
8.9 g (84%) of 9a: mp 225—-227 °C; NMR (CDCl;) 6 1.05 (m,
2H), 1.22 (m, 2H), 1.41 (t,3H), 1.43 (t, 3H), 3.98 (m, 1H), 4.28
(g, 2H), 4.32 (q, 2H), 8.02 (t, 1H, C;H), 8.61 (s, 1H, CsH). Anal.
(C1sH10F4\NO4B) C, H, N.

1-Cyclopropyl-6,7-difluoro-1,4-dihydro-8-ethoxy-4-oxo-
3-quinolinécarboxylic Acid—Boron Difluoride Chelate
(9b). The above reaction was repeated using 2.5 g (7.4 mmol)
of 8b, 10 mL of freshly distilled BF3:Et;0 and 20 mL of THF
to give 1.9 g (72%) of 9b, mp 217—-218 °C; NMR (CDCl; + Me,-
SO-de) & 1.37 (m, 2H), 1.44 (m, 2H), 1.56 (t, 3H), 4.51 (q, 2H),
4.51 (m, 1H), 8.14 (t, 1H, CsH), 9.21 (s, 1H, CoH). Anal.
(C1sH12F\NO4B) C, H, N.

Ethyl 1-Cyclopropyl-6,7-difluoro-1,4-dihydro-8-meth-
0Xy-5-nitro-4-oxo-3-quinolinecarboxylate (12a). A solu-
tion of 8.3 g (25.6 mmol) of 8a in 65 mL of concentrated HySO,
was treated portionwise with 3.9 g (38.6 mmol) of solid KNO;
over 2 h, The reaction was stirred at room temperature for
18 h and poured onto 600 mL of ice water, and the resulting
precipitate was removed by filtration, washed with water, and
dissolved in CH3Cly. The resulting solution was washed with
water and 5% NaHCOs;, dried, and evaporated. The residue
was recrystallized from MeOH to give 6.6 g (70%) of 12a: mp
>290 °C; NMR (CDCl3) 6 1.11 (m, 2H), 1.22 (m, 2H), 1.36 (1,
3H), 4.06 (m, 1H), 4.19 (s, 3H), 4.32 (q, 2H), 8.60 (s, 1H, C:H).
Anal. (CmHszNzOs) C, H, N.

Ethyl 1-Cyclopropyl-6,7-difluoro-1,4-dihydro-8-ethoxy-
5-nitro-4-oxo-3-quinolinecarboxylate (12b). The above
reaction was repeated using 13.0 g (38.5 mmol) of 8b, 5.5 g
(54.4 mmol) of KNOjs, and 100 mL of concentrated HySO,
to give 9.0 g (61%) of 12b: mp 271-273 °C; NMR (CDCly)
0 0.84 (m, 2H), 1.08 (m, 2H), 1.10 (t, 3H), 1.28 (t, 3H), 3.84
(m, 1H), 4.14 (overlapping q, 4H), 8.40 (s, 1H, C:H). Anal.
(C17H16F2N206) C, H, N, F. ‘

Ethyl 5-Amino- 1-cyclopropyl-8,7-difluoro-1,4-dihydro-
8-methoxy-4-0x0-3-quinolinecarboxylate (13a). A solu-
tion of 5.5 g (14.9 mmol) of 12a was dissolved in 250 mL of
THF, treated with 2.0 g of Raney nickel, and shaken in a
hydrogen atmosphere at temperatures of 21-28 °C and
pressures of 19—50 psi for 7 h. The solvent was concentrated
and the residue was chromatographed eluting with CHxCly/
THF 95/5 to give 1.8 g (36%) of 13a: mp 209-210 °C; NMR
(Me2S0O-de) 6 0.94 (m, 2H), 1.05 (m, 2H), 1.26 (t, 3H), 3.80 (s,
3H), 3.96 (m, 1H), 4.19 (q, 2H), 7.69 (bs, 2H), 8.36 (s, 1H, C.H).
Anal. (CisH16FaN204) C, H, N, F.

Ethyl 5-Amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-
8-ethoxy-4-0x0-3-quinolinecarboxylate (13b). The above
reaction was repeated using 2.8 g (7.3 mmol) of 12b, 100 mL
of DMF, 0.5 g of Raney nickel, temperatures of 24—30 °C,
and pressures of 24—30 psi for 4 h. Chromatography using
a gradient of CH,Cly/THF (98/2, 96/4, 94/6) gave 2.3 g (89%)
of 13b: mp 228-229 °C; NMR (Me2SO-dg) 6 0.94 (m, 2H),
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1.14 (m, 2H), 1.38 (overlapping t, 6H), 3.90 (m, 1H), 3.98 (q,
2H), 4.39 (q, 2H), 6.89 (bs, 2H), 8.46 (s, 1H, C;H). Anal.
(C17H18F2N204) C, H, N, F.

5-Amino-1-cyclopropyl-6,7-diftuoro-1,4-dihydro-8-meth-
oxy-4-0x0-3-quinolinecarboxylic Acid (14a). A solution of
1.6 g (5.0 mmol) of 18a, 8.0 mL (8.0 mmol) of 1.0 N NaOH,
and 25 mL of EtOH was stirred at room temperature for 18 h.
The solvent was removed and the residue was dissolved in 30
mL of water and filtered through a fiber glass pad to clarify
it. The filtrate was acidified to pH 2.2 with 6.0 M HCl and
cooled to 5 °C and the solid removed by filtration, washed with
water, and dried to give 1.3 g (90%) of 14a: mp 290—292 °C;
NMR (MeySO-de) 6 0.81 (m, 2H), 1.03 (m, 2H), 3.76 (s, 3H),
3.90 (m, 1H), 7.69 (bs, 2H), 8.37 (s, 1H, C.H), 14.52 (s, 1H).
Anal, (C4HpFoN2040.5H;0)C, H, N, F.

5-Amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-
ethoxy-4-oxo-3-quinolinecarboxylic Acid (14b). The above

- reaction was repeated using 1.5 g (5.1 mmol) of 18b, 8.0 mL

of 1.0 N NaOH, and 25 mL of EtOH to give 1.2 g (90%) of 14b:
mp 283—-285 °C; NMR (Me2SO-ds) 6 1.09 (m, 4H), 1.37 (t, 3H),
4.05 (q, 2H), 4.18 (m, 1H), 7.72 (bs, 2H), 8.41 (s, 1H, C:H),
14.61 (s, 1H). Anal. (CysH14F2N:0,) C, H, N, F.

General Method A. Preparation of 1-Cyclopropyl-6-
fluoro-8-methoxy-7-(3-[(ethylamino)methyl]-1-pyrrolidi-
nyl)-1,4-dihydro-4-ox0-3-quinolinecarboxylic Acid (10i).
A solution of 1.0 g (2.9 mmol) of boron difluoride ester 9a, 0.9
g (7.0 mmol) of N-ethyl-3-pyrrolidinemethanamine,* and 20
mL of CH;CN was stirred at 50 °C for 18 h and then
concentrated in vacuo. The residue was dissolved in a mixture
of 15 mL of EtsN and 150 mL of EtOH and stirred at reflux
for 18 h. The solvent was removed and the residue was
dissolved in 25 mL of EtOH, which was also removed in vacuo.
The residue was suspended in water and the pH was adjusted
to 11.0 with 1.0 N NaOH. The solution was filtered through
a fiber glass pad to clarify it and the pH was adjusted to 7.0
with 6.0 M HCL. The resulting precipitate was filtered, washed
with water, and dried to give 0.39 g (33%) of 10i: mp 207—
208 °C; NMR (MeySO-ds + TFA) 6 1.09 (m, 4H), 1.23 (t, 3H),
1.80 (m, 1H), 2.19 (m, 1H), 2.60 (m, 1H), 3.03 (overlapping
CH,, 4H), 3.58 (s, 3H), 3.68 (m, 4H), 4.15 (m, 1H), 7.68 (d, 1H,
CsH), 8.59 (bs, 1H, NH), 8.68 (s, 1H, C;H). Anal. (CzHge-
FN3;04H20) C, H, N.

General Method B. 1-Cyclopropyl-6-fluoro-8-ethoxy-
7-(3-amino-1-pyrrolidinyl)-1,4-dihydro-4-0x0-3-quinolin-
ecarboxylic Acid Hydrochloride Hydrate (11b). A solu-
tion of 0.8 g (2.1 mmol) of 9b, 1.56 g (8.4 mmol) of 3-[(tert-
butoxycarbonyl)amino]pyrrolidine,'® and 35 mL of CH;CN was
stirred at 50 °C for 18 h. The solvent was removed and the
residue was dissolved in 15 mL of CH,Cl,, cooled to 5 °C, and
treated with 15 mL of TFA, The mixture was stirred at ice
bath temperatures for 4 h and room temperature for 0.5 h.
The reaction mixture was concentrated, the residue dissolved
in 150 mL of 80% aqueous EtOH treated with 15 mL of EtsN
and refluxed for 18 h. The solvent was evaporated and the
residue was dissolved in water which was also concentrated
to remove Et;N. The residue was dissolved in water, adjusted
to pH 11.0 with 1.0 N NaOH. The solution was filtered
through a fiber glass pad to clarify it and the filtrate was
adjusted to pH 6.5 with 6.0 M HCl. The resulting precipitate
was filtered, washed with ice—water and Et;0, and dried to
give 0.4 g (51%) of 11b: mp 222-223 °C; NMR (Me2SO-ds +
TFA) 6 0.98 (m, 2H), 1.11 (m, 2H), 1.28 (t, 3H), 2.10 (m, 1H),
2.28 (m, 1H), 3.67—-3.89 (m, 5H), 3.76 (q, 2H), 4.15 (m, 1H),
7.66 (d, 1H, CsH), 8.51 (bs, 3H), 8.68 (s, 1H, CoH). Anal.
(C1sH22FN304-HCI-1.25H,0) C, H, N, F, Cl.

General Method C. 5-Amino-1-cyclopropyl-6-fluoro-
8-methoxy-7-[(3-aminomethyl)-3-methyl-1-pyrrolidinyl]-
1,4-dihydro-4-oxo-3-quinolinecarboxylic Acid Hemihy-
drate (15d). A suspension of 0.9 g (2.9 mmol) of 14a, 0.9 g
(4.2 mmol) of (3-tert-butoxycarbonyl-3-methyl)pyrrolidinemetha-
namine,!6 1.0 g (10.0 mmol) of triethylamine, 17 mL of DMSO,
and 17 mL of CH3CN was stirred at room temperature for 18
h. The CH3;CN was removed and the resulting solution was
filtered through a fiber glass pad into 150 mL of water. The
resulting precipitate was filtered, washed with water, and
dried in vacuo at 40 °C for 18 h. The solid was dissolved in
15 mL of CH2Cl; cooled to 5 °C in an ice bath and treated with
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15 mL of TFA. The mixture was stirred at ice bath temper-
atures for 0.5 h and then at room temperature for 0.5 h and
concentrated. The residue was suspended in water, the pH
adjusted to 11.0 with 1.0 N NaOH, and the solution filtered
through a fiber glass pad. The filtrate was adjusted to pH
7.0 with 6.0 M HCl and the resulting precipitate was filtered,
washed with water and Et;0, and dried to give 0.6 g (56%) of
15d: mp 188—190 °C; NMR (MeSO-dgs + TFA) 6 0.86 (m, 2H),
1.08 (m, 2H), 1.23 (s, 3H). 1.84 (M, 1H), 1.93 (m, 1H), 2.98
(bs, 2H), 3.40 (m, 1H), 3.45 (s, 3H), 3.64 (m, 3H), 4.06 (m, 1H),
7.87 (bS, ZH), 8.56 (S, ].H, CgH) Anal (CgngsFN404'O.5H20)
C,H,N.

Acknowledgment. The authors are indebted to a
reviewer who suggested using a summary type of format
to simplify the discussion of the phototoxicity and
clonogenic cytotoxicity results.

References

(1) (a) Chu, D. T. W.; Fernandes, P. B. Recent Developments in the
Field of Quinolone Antibacterial Agents. In Advances in Drug
Research; Testa, B., Ed.; Academic Press: New York, 1991; Vol.
21, pp 39—144. (b) Walker, R. C.; Wright, A. J. The Fluoroqui-
nolones. Mayo Clin. Proc. 1991, 66, 1249—1259. (c) Hooper, D.
C.; Wolfson, J. S. Fluoroquinolone Antibacterial Agents. N. Engl.
J. Med. 1991, 324, 384—394. (d) Mitsuhashi, S; Fluorinated
Quinolones-New Quinolone Antimicrobials. In Progress in Drug
Research; Junker, E., Ed.; Berkhauser Verlag: Basle, 1992; Vol.
38, pp 9—148. (e) Bouzard, D. Recent Advances in the Chemistry
of Quinolones, In Recent Progress in the Synthesis of Antibiotics;
Springer Verlag: Heidelberg, 1990, pp 249—283. (f) Janknegt,
R.; Hekster, Y. A. Develpoments in Quinolones. Pharm. Week-
blad 1989, 11, 33—43.
(a) Asahina, Y.; Ishizaki, T.; Suzue, S. Recent Advances in
Structure—Activity Relationships in New Quinolones. In Flu-
orinated Quinolones—New Quinolone Antimicrobials; Mitsu-
hashi, S., Ed.; In Progress in Drug Research; Junker, E., Ed.;
Burkhauser Verlag: Basle, 1992; Vol. 38, pp 57—106. (b)
Culbertson, T. P.; Domagala, J. M.; Hagen, S. E.; Hutt, M. P;
Nichols, J. B.; Mich, T. F.; Sanchez, J. P.; Schroeder, M. C.;
Solomon, M.; Worth, D. F. Structure—Activity Relationships of
the Quinolone Antibacterials. The Nature of the C7-Side Chain.
In Quinolones; Fernandes, P. B., Ed.; J. R. Prous: Barcelona,
Spain, 1989, pp 47—71. (c) Wentland, M. P, Structure—Activity
Relationships of Fluoroquinolones. In A New Generation of
Quinolones; Siporin, C.; Heifetz, C. L.; Domagala, J. M., Eds.;
Marcel Dekker: New York, 1990: pp 1—44. (d) Ref 1a.
(a) Talley, J. H. Fluoroquinolones, New Miracle Drugs? Postgrad.
Med. 1991, 89, 101-113. (b) MacDonald, P. J.; Turnidge, J. D.
The Quinolones in Perspective, Intern. Med. 1989, 10, 152—165.
(c) Maple, P.; Brumfitt, W.; Hamilton-Miller, J. M. T. A Review
of the Antibacterial Activity of the Fluoroquinolones. J. Chemoth-
er. 1990, 2, 280—294. (d) Anon. Clinafloxacin, (PD 127391), Bay-
v-3545, CI-960. Drugs Future 1992, 17, 938—939. (e) Marshall,
S. A,; Jones, R. N. In Vitro Activity of DU 6859a, a New
Fluorocyclopropyl Quinolone. Antimicrob. Agents Chemother.
1998, 37, 2747—2753. (f) Ito, T.; Otsuki, M.; Nishino, T. In-vitro
Antibacterial Activity of Q-35, a New Fluoroquinolone. Antimi-
crob. Agents Chemother. 1992, 36, 1708—1714. (g) Wise, R.;
Andrews, J. M.; Brenwald, N. The In-vitro Activity of Bay y 3118,
a New Chlorofluoroquinolone. J. Antimicrob. Agents Chemother.
1993, 31, 73—80.
Domagala, J. M. Structure—Activity and Structure—Side-Effect
Relationships for the Quinolone Antibacterials. J. Antimicrob.
Chemother. 1994, 33, 685—706.
(85) (a) Ref 3f. (b) Anon. Q-35. Drugs Future 1992, 17, 382—383.
(6) Domagala, J. M.; Hagen, S. E.; Joannides, T.; Kiely, J. S.;
Laborde, E.; Schroeder, M. C.; Sesnie, J. A.; Shapiro, M. A ; Suto,
M. J.; Vanderroest, S. Quinolone Antibacterials Containing the
New 7-[3-(1 Aminoethyl)-1-pyrrolidinyl] Side Chain: The Effects
of the 1-Aminoethyl Moiety and Its Stereochemical Configura-
tions on Potency and in Vivo Efficacy. J. Med. Chem. 1993, 36,
871—-882.
Sanchez, J. P.; Domagala, J. M.; Hagen, S. E.; Heifetz, C. L.;
Hutt, M. P.; Nichols, J. B,; Trehan, A, K. Quinolone Antibacterial
Agents. Synthesis and Structure-Activity Relationships of 8-Sub-
stituted Quinolone-3-carboxylic Acids and 1,8-Naphthyridine-
3-carboxylic Acids. J. Med. Chem. 1988, 31, 983—991.
Iwata, M.; Kimura, T.; Fujiwara, Y.; Katsube, T. Preparation of
Alkoxyfluoroquinolonecarboxylic Acid Derivatives As Medicinal
Bactericides. European Patent Application 0 241 206, 1987;
Chem. Abstr. 1989, 110, 135095v.
(9) (a) Ref 7. (b) Ref 8.
(10) (a) Domagala, J. M.; Hanna, L. D.; Heifetz, C. L.; Hutt, M. P.;
Mich, T. F.; Sanchez, J. P.; Solomon, M. New Structure-Activity
Relationships of the Quinolone Antibacterials Using the Target

(2

-

3

=

(4

<=

7

—

8

=



Quinolone Antibacterial Agents

11

(12)

(13)

Enzyme. J. Med. Chem. 1986, 29, 394—404. (b) Cohen, M. A;
Griffin, T. J.; Bien, P. A,; Heifetz, C. L.; Domagala, J. M. In Vitro
Activity of CI-934, a Quinolone Carboxylic Acid Active Against
Gram-Positive and -Negative Bacteria. J. Med. Chem. 1985, 28,
766—772.

(a) Sesnie, J. C.; Heifetz, C. L.; Joannides, E. T.; Malta, T. E.;
Shapiro, M. A. Comparative Phototoxicity of Quinolones in a
Mouse Phototolerance Model. In Program and Abstracts of the
Thirtieth Interscience Conference on Antimicrobial Agents and
Chemotherapy, Atlanta, GA, 1990. Abstract 399. American
Society for Microbiology, Washington, DC. (b) Sanchez, J. P.;
Bridges, A. J.; Bucsh, R.; Domagala, J. M.; Gogliotti, R. D.;
Hagen, S. E.; Heifetz, C. L.; Joannides, E. T.; Sesnie, J. C,;
Shapiro, M. A,; Szotek, D. L. New 8-(Trifluoromethyl)-Substi-
tuted Quinolones. The Benefits of the 8-Fluoro Group with
Reduced Phototoxic Risk. J. Med. Chem. 1992, 35, 361—367.
Suto, M. J.; Domagala, J. M.; Roland, G. E.; Mailoux, G. B.;
Cohen, M. A. Fluoroquinolones: Relationships Between Struc-
tural Variations, Mammalian Cell Cytotoxicity, and Antimicro-
bial Activity. J. Med. Chem. 1992, 35, 4745—4750. (b) Ciaravino,
V.; Suto, M. J.; Theiss, J. C. High Capacity In Vitro Micronucleus
Assay for Assessment of Chromosome Damage. Results with
Quinolone/Naphthyridine Antibacterials Mutat. Res. 1993, 298,
227-236.

(a) Gracheck, S. J.; Mychalonka, M.; Gambino, L; Cohen, M.;
Roland, G.; Ciaravino, V.; Worth, D; Theiss, J. C.; Heifetz, C. L.
Correlations of Quinolone Inhibition Endpoints vs Bacteria, DNA
Gyrase, Mammalian Topoisomerase I and II, Cell Clonogenic
Survival and the In Vitro Micronuclei Induction. In Program

Journal of Medicinal Chemistry, 1995, Vol. 38, No. 22 4487

(14)

(15)

(16)

amn

and Abstracts of the Thirty-First Interscience Conference on
Antimicrobial Agents and Chemotherapy, Chicago, IL, 1991,
Abstract 1488, American Society for Microbiology, Washington,
DC. (b) Gootz, T. D.; Barrett, J. F.; Holden, H. E.; Ray, V. A,;
McGuirk, P. R. Selective Toxicity: The Activities of the 4-Qui-
nolones Against Eukaryotic DNA Topoisomerases. In The 4-Qui-
nolones; Antibacterial Agents; Crumplin, G. C., Ed.; Spring-
Verlag: New York, 1990; pp 159—172.

Domagala, J. M.; Heifetz, C. L.; Mich, T. F.; Nichols, J. B.
1-Ethyl-7-[3-[(ethylamino)methyl]-1-pyrrolidinyl-6,8-difluoro-1,4-
dihydro-4-oxo-3-quinolinecarboxylic Acid. New Quinolone Anti-
bacterial with Potent Gram-Positive Activity. J. Med. Chem.
1986, 29, 445—448.

Sanchez, J. P.; Domagala, J. M.; Mich, T. F. 4-Oxo-1,4-Dihyd-
roquinoline-3-carboxylic Acid Derivatives as Antibacterial Agents.
U. S. Patent 4,822,801, 1989; Chem. Abstr. 1986, 105, 97485j.
Hagen, S. E.; Domagala, J. M.; Heifetz, C. L.; Sanchez, J. P,;
Solomon, M. New Quinolone Antibacterial Agents. Synthesis and
Biological Activity of 7-(8,3- or 3,4-Disubstituted-1-pyrrolidinyl)-
quinoline-3-carboxylic Acids. J. Med. Chem. 1990, 33, 849—854.
Domagala, J. M.; Bridges, A. J.; Culbertson, T. P.; Gambino, L.;
Hagen, S. E.; Karrick, G.; Porter, K.; Sanchez, J. P.; Sesnie, J.
A.; Spense, F. G.; Szotek, D. L., Wemple, J. Synthesis and
Biological Activity of 5-Amino- and 5-Hydroxquinolones, and the
Overwhelming Influence of the Remote N;-Substituent in De-
termining the Structure-Activity Relationship. J. Med. Chem.
1991, 34, 1142—~1154.

JM950491B



