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Synthesis and Antibacterial Activity of New Tetracyclic Quinolone Antibacterials!
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A series of 8-substituted-9,1-(epoxymethano)-7-fluoro-5-oxo-5H-thiazolo[3,2-a]quinoline-4-carboxylic acids having
a novel tetracyclic structure was synthesized and tested for antibacterial activity. The nature of the heteroatom
(N, O, or S) substituted at the 8-position had little influence on the antibacterial activity. Among the six pyrrolidinyl
derivatives and the five piperazinyl derivatives, the 8-(3-hydroxy-1-pyrrolidinyl) derivative 6h and the hydrochloride
of the 8-(4-methyl-1-piperazinyl) derivative 61 showed the most potent activity against both Gram-positive and
Gram-negative bacteria. Against nalidixic acid resistant strains, isolated from Escherichia coli KC-14, compound
6h was less potent than 61. Replacement of the piperazinyl nitrogen atom by a carbon atom, an oxygen atom, or
a sulfur atom (corresponding to the piperidino, morpholino, or thiomorpholino group, respectively) enhanced the
activity against Gram-positive bacteria, but reduced the activity against Gram-negative bacteria. Compound 61
also showed potent in vivo antibacterial activity against Gram-positive and Gram-negative bacteria, and did not
cause convulsions in mice with the concomitant administration of fenbufen. Replacement of the carboxy group

by a sulfonic acid group in 61 resulted in a complete loss of antibacterial activity.

Since norfloxacin? (1a, Chart I) was developed as an
antibacterial agent in 1980, many fluorinated pyridone
carboxylic acids have been synthesized. These compounds
can be classified structurally into three groups: the first,
bicyclic pyridone carboxylic acids 1, such as 1a, enoxacin®
(1b), and ciprofloxacin* (1e); the second, tricyclic pyridone
carboxylic acids®® 2, such as ofloxacin® (2a) and 3; the
third, tetracyclic pyridone carboxylic acids,”® such as 4,

(1) This work has been presented at the 28th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy [October
23-26, Los Angeles, CA, 1988; Abstract No. 1491] and at the
109th Annual Meeting of the Pharmaceutical Society of Japan
[April 4-6, Nagoya in Japan, 1989; Abstract No. 6B 10-5].
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carboxylic Acids. J. Med. Chem. 1980, 23, 1358.
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bacterial Agents. 2. Synthesis and Structure—Activity Rela-
tionships of 1,6,7-Trisubstituted 1,4-Dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic Acids, Including Enoxacin, a New
Antibacterial Agent. J. Med. Chem. 1984, 27, 292.
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European Patent 0,058,392 B1, 1985. (b) Chu, D. T. W.;
Claiborne, A. K. Short Syntheses of 1,2,3,5-Tetrahydro-5-oxo-
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and 5. We have previously reported that the sulfur atom
plays an important role in the enhancement of antibac-
terial activity of tricyclic pyridone carboxylic acids 3.5
This result led us to incorporate a sulfur atom into the
tricyclic pyridone carboxylic acids 2 (X = 0) to elaborate
the novel tetracyclic pyridone carboxylic acids 6. This

(7) Chu, D.T.W.; Fernandes, P. B.; Pernet, A. G. Synthesis and
Biological Activity of Benzothiazolo[3,2-alquinolone Antibac-
terial Agent. J. Med. Chem. 1986, 29, 1531.

(8) (a) Chu, D. T. W.; Maleczka, R. E., Jr. Synthesis of 4-Oxo-4H-
quino{2,3,4-i,j1[1,4]benzoxazine-5-carboxylic Acid Derivatives.
J. Heterocycl. Chem. 1987, 24, 453. (b) Chu, D. T. W.; Ma-
leczca, R. E., Jr.; Nordeen, C. W. Synthesis of 4,12-Dihydro-
4-oxoquino[1,8a,8-a,b]quinoxaline-5-carboxylic Acid Deriva-
tives. J. Heterocycl. Chem. 1988, 25, 927.
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paper describes the synthesis of the novel tetracyclic py-
ridone carbozxylic acids 6, and the related compounds 18
and 19 and the antibacterial activity of these compounds.®

Chemistry

The synthetic routes leading to the novel tetracyclic
pyridone carboxylic acids are summarized in Scheme L
The important intermediate 14 was synthesized from
2,3,4-trifluoroaniline (7). The reaction of 7 with carbon
disulfide in triethylamine gave dithiocarbamate 8. Com-
pound 8 was allowed to react with 1-acetoxy-3-chloro-2-
propanone in ethyl acetate, following by cyclization under
acidic conditions, to give 9, which, without purification,
was treated with aqueous potassium hydroxide in ethanol
to give tricyclic compound 10. Treatment of compound
10 with trichloromethyl chloroformate in toluene yielded
the iminium chloride 11 as a moisture-sensitive precipitate,
which was allowed to react with diethyl malonate/tri-
ethylamine in acetonitrile to give 12, Compound 12 was
cyclized in polyphosphoric acid to give the pyridone car-
boxylic acid ester 13. Finally, this ester was hydrolyzed
in fuming sulfuric acid to produce 14. Hydrolysis of 13
in a mixture of 1/4 concentrated hydrochloric acid and
acetic acid resulted in decarboxylation, affording 15. This
decarboxylation is an interesting reaction, because the

(9) Antibacterial activity against clinical isolates and distribution
of compound 61 (Code Number KB-5246) have been reported.
(a) Kotera, Y.; Tsukamoto, G.; Inoue, Y.; Hamada, T.; Awata,
N.; Mitsuhashi, S. Properties of a New Quinoline Antibacterial
Agent, KB-5246. Abstracts of the 28th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy; Los Ange-
les, CA, October 23-26, 1988; Abstract No. 1492. (b) Kotera,
Y.; Inoue, M.; Mitsuhashi, S. Potent Antibacterial Activity of
KB-5246. Abstracts of the 29th Interscience Conference on
Antimicrobial Agents and Chemotherapy; Houston, TX,
September 17-20, 1989; Abstract No. 1242. (c) Kawashima, T.;
Hamada, T.; Inoue, Y.; Awata, N.; Sakamoto, F.; Akaike, N.
Distribution of KB-5246, a New Broad Spectrum Quinolone.
Abstracts of the 29th Interscience Conference on Antimicro-
bial Agents and Chemotherapy; Houston, TX, September
17-20, 1989; Abstract No. 1243. (d) Kotera, Y.; Mitsuhashi, S.
In Vitro and In Vivo Antibacterial Activities of KB-5246, a
New Tetracyclic Quinolone. Antimicrob. Agents Chemother.
1989, 33, 1896. (e) Kotera, Y.; Inoue, M.; Mitsuhashi, S, Ac-
tivity of KB-5246 against Outer Membrane Mutants of Es-
cherichia coli and Salmonella typhimurium. Antimicrob.
Agents Chemother. 1990, 34, 1323.
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same conditions were used for the successful hydrolysis
of the ethyl ester of 2 (X = 0).1° The sulfur atom of 13
might contribute to the decarboxylation by making the
4-position more electron-rich and better able to accept a
proton. Replacement of the 8-fluorine atom of 14 by the
appropriate nucleophiles yields the desired 9,1-(epoxy-
methano)-7-fluoro-8-substituted-5H-thiazolo[3,2-a]-
quinoline-4-carboxylic acids 6 (Table I). Compound 6e
was obtained by hydrolysis of 6f under alkaline conditions.
The hydrochlorides 6g, 6k, 61, and 6n were obtained by
treatment of the corresponding free bases with hydro-
chloric acid.

Borate complex 16, which was prepared by the reaction
of 13 with boron triacetate in acetic anhydride,!! could be
another useful intermediate which can be prepared safely
in large scale for the synthesis of compounds in series 6.
Thus, compound 61 was obtained by the reaction of 16 with
1-methylpiperazine following by hydrolysis with hydro-
chloric acid in acetone.

Compound 18 was obtained by decarboxylation of 61
under the same conditions described above for decarbox-
ylation of 13. Sulfonation of 15 in fuming sulfuric acid
yielded 17, which gave 19 on reaction with 1-methyl-
piperazine.

Biological Results and Discussion

The in vitro antibacterial activity of 6a—q, 18, and 19
against Gram-positive and Gram-negative bacteria is
summarized in Table I. Data for la (norfloxacin), 1b
(enoxacin), 1e (ciprofloxacin), and 2a (ofloxacin) are in-
cluded for comparison purposes. From the data for the
first three entries (compounds 6a—¢), the antibacterial
activity of the tetracyclic pyridone carboxylic acids 6 seems
to be hardly affected by the nature of the heteroatom
substituted in the 8-position. The activity of 6a—c against
Gram-positive bacteria, except for Enterococcus faecalis,
is more potent than that of the reference compounds la—c
and 2a, but against Gram-negative bacteria, 6a—c were less
potent than the reference compounds. The data for pyr-
rolidinyl derivatives 6d, 6e, and 6h indicate that the in-
troduction of an amino group into the pyrrolidinyl moiety
reduced the activity against Gram-positive bacteria, and
the introduction of a hydroxyl group into the pyrrolidinyl
moiety enhanced activity against Gram-negative bacteria.
The introduction of one more hydroxyl group into the
pyrrolidinyl moiety (compound 6i) resulted in a consid-
erable loss of activity against both Gram-positive and
Gram-negative bacteria. The modification of the amino
group on the pyrrolidinyl moiety (compounds 6f and 6g)
reduced the activity against Gram-negative bacteria com-
pared to that of 6e. Among the pyrrolidinyl derivatives

(10) Hayakawa, L; Hiramitsu, T.; Tanaka, Y. Synthesis and Anti-
bacterial Activities of Substituted 7-Oxo-2,3-dihydro-7TH-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic Acids. Chem.
Pharm. Bull. 1984, 32, 4907.

(11) Fujiwara, T.; Tsurumi, H.; Sato, Y. Boron Chelate Compounds.
Japan. Patent 60-75489, 1985; Chem. Abstr. 1986, 105, 153293;.
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Table I. Tetracyclic Pyridone Carboxylic Acids 6a~q, Related Compounds 18 and 19, and Their in Vitro Antibacterial Activity

(Minimum Inhibitory Concentration, ug/mL)

Taguchi et al.

microorganism®
Gram-positive Gram-positive
compd Z method® mp, °C formula® Sa(F) Sa(l) Se Ef Ec(N) Ec(K) Kp Pa(l) Pa(E)
6a OCH;, A >280 C, HNOSF 020 020 033 625 033 078 020 313 625
6b  SCH, A >280 C,HNOS,F0.25H,0 020 010 020 313 039 020 039 156 313
6c N(CH,), A >280 CsH1N,O,SF 020 010 0.0 078 039 039 020 156 6.25
6d A >280  C,HN,0SF 0025 005 005 020 020 020 020 156 1.56
6e ‘N\’jNH‘ B >280 C,H,N,OSF075H;,0 020 039 078 078 020 010 010 078 078
6f ND,NHAG A >280  CyH;gN;0,SF 020 010 078 078 156 156 156 625 6.25
6g Na/-NHEt C 278 dec  CpoHy,N;0,SF-HCl 020 020 010 039 039 039 039 25 3.13
0.25H,0
“HCI
6h N\:rOH A >280 C7H;3N,O;SF 0.025 0.025 020 020 0.05 005 0.05 039 039
6i N\/IOH A >280 CuHN,OSF025H,0 156 156 >25 >25 313 313 156 >25 >25
' 'OH
6 N:> A >280 C,gH5sN,O,SF 010 010 020 156 078 3.13 1.56 125 6.25
6k N NH C >280 CsHuN;0,SF-HCl 039 039 156 078 010 010 005 0.78 0.78
e 0.5H,0
8 N how, D  >280  CH,;eN;0,SF-HC! 010 010 020 039 010 010 010 078 0.78
“HCI
6m N:NH C 240 dec C,sH;eN;O,SF-0.256H,0 0.20 020 078 0.78 0.20 0.10 010 15 0.78
CHy
6n ’_(CH, C >280 CysH1sN;0,SF-HCIH,0 020 0.20 0.39 078 0.20 010 039 313 313
N NH
\.—‘
~HeiCHs
6o N:NH A >280 C;HsN;0,SF-0.25H,0 3.13 156 125 313 1.56 156 156 6.25 6.25
(o]
60 N D A >280  Cy;;H;N,0SF 005 005 010 039 039 039 020 156 0.39
6q N:S A >280 CsH;3N,0,S,F-0.56H,0 0.05 005 0.10 313 0.39 039 039 625 3.13
18 (the decarboxylated derivative) >100 >100 >100 >100 >100 >100 >100 >100 >100
19 (the sulfonic acid derivative) >100 >100 >100 >100 >100 >100 >100 >100 >100
la (norfloxacin) 039 156 313 1.56 0.20 020 010 156 1.56
1b (enoxacin) 0.78 0.78 313 313 020 020 010 156 156
lc (ciprofloxacin) 020 078 156 078 0.05 005 005 078 0.78
2a (ofloxacin) 039 039 078 15 010 010 010 156 1.56

s Microorganism: Sa(F), Staphylococcus aureus FDA 209P JC-1; Sa(l), Staphylococcus aureus IID 803; Se, Staphylococcus epidermidis
IAM 1296; Ef, E. faecalis IID 682; Ec(N), E. coli NIHJ JC-2; Ec(K), E. coli KC-14; Kp, Klebsiella pneumoniae B54; Pa(I), Pseudomonas
aeruginosa IFO 3445; Pa(E), P. aeruginosa E-2. *See the Experimental Section. The analyses for C, H, and N were within £0.4% of the

theoretical values.

6d-i, compound 6h showed very potent activity against
both Gram-positive and Gram-negative bacteria; its ac-
tivity was more potent than that of reference compounds
la—c and 2a. The data for the piperazinyl derivatives 6k-n
indicate that the introduction of one or two methyl groups
into the piperazinyl moiety enhanced activity against
Gram-positive bacteria. The N-methylated derivative 61
showed the most potent activity against Gram-positive
bacteria. Against Gram-negative bacteria, 6m and 6n have
reduced activity compared to that of 6k, while 61 showed
similar activity to that of 6k. Reducing the basicity of the
piperazinyl nitrogen atom (compound 6o) resulted in a

considerable loss of activity against both Gram-positive
and Gram-negative bacteria, compared to that of 6k.
Replacement of the piperazinyl nitrogen atom by a carbon
atom, an oxygen atom, or a sulfur atom (compounds 6j,
6p, and 6q) enhanced the activity against Gram-positive
bacteria, but reduced the activity against Gram-negative
bacteria. Among the piperazinyl derivatives 6k—o and their
related compounds 6j, 6p, and 6q, compound 61 showed
very potent activity against both Gram-positive and
Gram-negative bacteria; its activity against Gram-positive
bacteria was more potent than those of reference com-
pounds la—c and 2a. Against Gram-negative bacteria,
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Table II. Inhibitory Effect (ICg) of 6 on DNA Gyrase
Supercoiling Activity from E. coli K-12 C600 and in Vitro
Antibacterial Activity (MIC) against the Same Strain

ICh  MIC, IC  MIC,
compd pg/mL  ug/mL compd pg/mL ug/mL
6d 0.93 0.20 61 0.31 0.10
Ge 0.25 0.20 6m 0.28 0.20
6h 0.35 0.10 le 0.20 0.10
6k 0.17 0.20 2a 0.59 0.20

Table III. In Vitro Antibacterial Activity of 6h and 6l against
Nalidixic Acid (NA) Resistant Strains from E. coli KC-14

MIC, ug/mL
strain 6h 61 lc 2a NA
1 >3.13 1.56 1.56 6.25 >1600
2 >3.13 3.13 3.13 6.25 >1600
3 0.78 0.39 0.20 0.78 200
4 0.78 0.20 0.20 0.39 100
5 0.78 0.39 0.20 0.78 100
6 0.39 0.39 0.39 0.78 100
7 0.20 0.20 0.10 0.39 100

compound 61 was comparable to, or more active than, the
reference compounds.

Decarboxylation of 61 (affording compound 18) resulted
in a complete loss of activity, as was found to be the case
with 1a.2 Replacement of the carboxy group by a sulfonic
acid group (forming compound 19) also resulted in a com-
plete loss of activity.

The inhibition of the supercoiling activity of DNA gyrase
isolated from E. coli K-12 C600, along with in vitro activity
against the same organism, was evaluated for several
compounds in the series 6a—q; the results are shown in
Table II. The data for reference compounds 1c and 2a
are also included for comparison purposes. The compar-
ison of the IC;, values between 6k and le¢ with the same
substituent, or between 61 and 2a with the same substit-
uent, indicates that the tetracyclic system enhanced the
inhibitory effects on DNA gyrase compared to those of the
bicyclic and tricyclic systems. The IC;, values were not
directly proportional to the MIC values; this discrepancy
could be due to differing cell permeability.'?

Among the tetracyclic pyridone carboxylic acids 6a—q,
the two derivatives 6h and 61 with very potent antibacterial
activity against both Gram-positive and Gram-negative
bacteria were selected for further study, and their in vitro
antibacterial activity against nalidixic acid resistant strains
isolated from E. coli KC-14 was evaluated. The results are
shown in Table III; the data for reference compounds lc,
2a, and nalidixic acid are also included to facilitate com-
parison. The results show that 6h was less potent than
61, and the activity of 61 was comparable to that of 1¢ and
greater than that of 2a. This result led us to select 61 for
further in vivo evaluations.

The oral antibacterial activity in mice of 61 is shown in
Table IV; data for reference compound 2a are included for
comparison. The data show that compound 61 was ef-
fective against the experimental infections; its effects were
superior to or comparable with those of 2a. The acute
toxicity (LDs) of 61 in mice was as follows: 1231 mg/kg
po, 237 mg/kg iv. These data indicate that the acute
toxicity of 61 was comparable to or less than that of other
pyridone carboxylic acids substituted with the 4-methyl-
1-piperazinyl group.>5®

(12) Domagala, J. M.; Hanna, L. D.; Heifetz, C. L.; Hutt, M. P.;
Mich, T. F.; Sanchez, J. P.; Solomon, M. New Structure-Ac-
tivity Relationships of the Quinolone Antibacterials Using the
Target Enzyme. The Development and Application of a DNA
Gyrase Assay. J. Med. Chem. 1986, 29, 394.
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Table IV. Therapeutic Effect of 61 on Systemic Infections in
Mice

EDy;,, mg/kg po (95% confidence limits)

S. aureus E. coli P. aeruginosa
compd IID 803 KC-14 E-2
61 8.10 1.01 17.7
(6.53-10.1) (0.59-1.73) (11.9-26.2)
2a 11.5 1.10 229
(7.48-17.6) (0.75-1.63) (15.0-35.1)

Recently, it has been reported that some pyridone car-
boxylic acids cause convulsions as a side effect when ad-
ministered concomitantly with fenbufen.!®* Therefore, the
adverse interaction of 61 with fenbufen was evaluated.
Compound 61 caused no convulsions at a dose of 200
mg/kg on concomitant oral administration with 200 mg/kg
of fenbufen in mice.

In summary, the new tetracyclic pyridone carboxylic acid
61 exhibited potent and broad in vitro antibacterial activity
against both Gram-positive and Gram-negative bacteria,
and was effective in the treatment of experimental sys-
temic infections in mice. Moreover, the acute toxicity of
61 was low, and concomitant oral administration of 61 with
fenbufen in mice did not cause convulsions. These findings
suggest that the novel tetracyclic structure 6 is a useful
structural variation of the pyridone carboxylic acids for
use as an antibacterial.

Experimental Section

Melting points were determined on a Yamato capillary melting
point apparatus, Model MP-21; all melting points are uncorrected.
'H NMR spectra were recorded on a Bruker AM-300 spectrometer,
with TMS or 3-(trimethylsilyl)-3-propanesulfonic acid sodium salt
as an internal reference in a solution of CDClz;, DMSO-dg, or D,0O.
IR spectra were recorded with a Hitachi IR 270-50 infrared
spectrometer. Elemental analyses were performed with a Yan-
agimoto CHN-CORDER MT-3, and all analytical values were
within £0.4% of the calculated theoretical values. trans-3,4-
Dihydroxypyrrolidine,'** 1-acetoxy-3-chloro-2-propanone,4b 2-
oxopiperazine,'¥ and triacetoxyborane'*d were prepared according
to previously reported methods.

In Vitro Antibacterial Activity. The MICs (minimum in-
hibitory concentrations) of compounds tested in this study were
determined according to the standard method by a serial 2-fold
dilution technique using Mueller-Hinton agar.!'® The inoculum
size was approximately 10° colony forming units/mL. The MIC

(13) (a) Morikawa, K.; Nagata, O.; Kubo, S.; Kato, H.; Yamamoto,
K. Unusual CNS Toxic Action of New Quinolones. Abstracts
of the 27th Interscience Conference on Antimicrobial Agents
and Chemotherapy; New York, NY, October 4-7, 1987; Ab-
stract No. 255. (b) Hirai, S.; Tanaka, K.; Makino, S.; Narita,
H. Adverse Drug Interactions between Pyridocarboxylic Acids
and Nonsteroidal Antiinflammatory Drugs: Convulsion after
Oral or Intracerebral Administration in Mice. Yakugaku
Zasshi 1989, 109, 119. (c) Takeo, G.; Shibuya, N.; Motomura,
M.; Kanazawa, H.; Shishido, H. A New DNA Gyrase Inhibitor
Induces Convulsions: A Case Report and Animal Experiments.
Chemotherapy 1989, 37, 1154,

(14) (a) Nagel, U. Asymmetric Hydrogenation of a-(Acetylamino)-
cinnamic Acid with a Novel Rhodium Complex; the Design of
an Optimal Ligand. Angew. Chem., Int. Ed. Engl. 1984, 23,
435. (b) Clark, E. R.; Howes, J. G. B. Analogues of Cortical
Hormones. J. Chem. Soc. 1956, 1152. (c) Aspinall, S. R. A
Synthesis of Monoketopiperazines. J. Am. Chem. Soc. 1940,
62, 1202. (d) Cook, H. G.; llett, J. D.; Saunders, B. C.; Stacey,
G. J. Esters Containing Boron and Selenium. J. Chem. Soc.
1950, 3125.

(15) Goto, S.; Jo, K.; Kawakita, T.; Kosakai, N.; Mitsuhashi, S;
Nishino, T.; Ohsawa, N.; Tanami, H. Saisho-hatsuiku-soshi-
nodo (MIC) Sokutei-ho Sai-kaitei Ni Tsuite (About the Re-
revised Method of Determination of MIC). Chemotherapy
1981, 29, 76.
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of a compound was defined as the lowest concentration that
prevented visible growth of bacteria after incubation at 37 °C for
18 h.

Inhibitory Effect on DNA Gyrase Supercoiling Activity
Isolated from E. coli K-12 C600. This assay was carried out
according to the method reported previously.'®

In Vivo Efficacy on Systemic Infections. The in vivo assay
was carried out according to the following general method.”’
Groups of five male ddY mice (20-22 g) were infected with
bacteria. A 0.5-mL volume of a bacterial dilution, corresponding
to 35 or 500 times greater than the 50% lethal dose, was inoculated
intraperitoneally. The test compound, 2a or 61, was suspended
in 0.5% sodium (carboxymethyl)cellulose (2a) or dissolved in
sterilized distilled water (6]1) and administered orally at 1 h
postinfection. Survival rates were evaluated after 1 week.

Acute Toxicity. A solution of 6] in sterilized distilled water
was administered orally to or injected intravenously into groups
of five male ddY mice (2025 g). Survival rates were evaluated
after 1 week.

Effect of Concomitant Oral Administration with Fen-
bufen. Compound 61 dissolved in sterilized distilled water was
orally administered at a dose of 200 mg/kg to five male dd¥Y mice
(20-24 g) after 5 min or oral administration of fenbufen suspended
in 0.5% sodium (carboxymethyl)cellulose at a dose of 200 mg/kg;
then the behavior of the mice was observed for 4 h.

Triethylammonium N-(2,3,4-Trifluorophenyl)dithio-
carbamate (8). A mixture of 2,3,4-trifluoroaniline (7) (221 g, 1.5
mmol), carbon disulfide (137 g, 1.8 mol), and triethylamine (456
g, 4.5 mol) was stirred at room temperature for 80 h. The pre-
cipitated crystals were collected and washed with ether to give
8 (427 g, 87%) as slightly pale yellow crystals: mp 87 °C dec; 'H
NMR (CDCl,) 6 1.40 (t, J = 7 Hz, 9 H), 3.29 (q, J = 7 Hz, 6 H),
6.90 (m, 1 H), 7.95 (m, 1 H), 8.89 (br, 2 H). Anal. (C;sH;gN,S,F;)
C,H,N.

4-(Acetoxymethyl)-3-(2,3,4-trifluorophenyl)-2(3 H)-thia-
zolethione (9) and 6,7-Difluoro-1H ,4H-thiazolo[4,3-c][1,4]-
benzoxazine-1-thione (10). Dithiocarbamate 8 (6.0 g, 18.5 mmol)
was added to an ice-cooled solution of 1-acetoxy-3-chloro-2-
propanone (3.0 g, 19.9 mmol) in ethyl acetate (20 mL) and the
mixture was stirred at 5-18 °C for 3 h; then, a 4 N solution of
hydrogen chloride in ethy! acetate (12 mL, 48 mmol) was added.
The mixture was refluxed for 1 h and washed with brine and then
evaporated in vacuo, affording a residue containing 4-(acetoxy-
methyl)-3-(2,3,4-trifluorophenyl)-2(3H)-thiazolethione (9). This
residue was used for the following procedure without further
purification. An analytical sample of 9 was similarly prepared
in another experiment followed by recrystallization from isopropyl
ether. To the residue were added ethanol (30 mL) and a solution
of KOH (3.0 g, 53.5 mmol) in water (10 mL); the solution was
refluxed for 40 min. The precipitated crystals were collected and
washed with ethanol/water (2/1 v/v) to give 10 (3.9 g, 81%) as
pale yellow crystals. 9: mp 105-107 °C; 'H NMR (CDCl,) 6 1.98
(s, 3 H), 4.65 (d, J = 13.5 Hz, 1 H), 4.74 (d, J = 13.5 Hz, 1 H),
6.80 (s, 1 H), 7.15 (m, 2 H). Anal. (C;,HzsNO,S,F;) C,H, N. 10
(recrystallized from hexane/ethyl acetate): mp 163-167 °C; 'H
NMR (CDCl;) 6 4.97 (d, J = 1 Hz, 2 H), 6.56 (t,J = 1 Hz, 1 H),
6.97 (dt, J = 8,9.5 Hz, 1 H), 9.50 (ddd, J = 2.5, 4.5, 9.5 Hz, 1 H).
Anal. (C,oH;NOS,F,) C, H, N.

Diethyl (6,7-Difluoro-1H ,4H -thiazolo[4,3-c][1,4]benz-
oxazin-1-ylidene)malonate (12). Trichloromethyl chloroformate
(11.0 mL, 91.7 mmol) was added to a suspension of compound
10 (21.3 g, 82.8 mmol) in dry toluene (200 mL) and the mixture
was stirred at 80 °C for 46 h to yield compound 11, which was

(16) (a) Inoue, Y.; Sato, K.; Fujii, T.; Hirai, K.; Inoue, M.; Iyobe,
S.; Mitsuhashi, S. Some Properties of Subunits of DNA Gyrase
from Pseudomonas aeruginosa PAO1 and Its Nalidixic Acid-
Resistant Mutant. J. Bacteriol. 1987, 169, 2322. (b) Sato, K.;
Inoue, Y.; Fuijii, T.; Aoyama, H.; Inoue, M.; Mitsuhashi, S.
Purification and Properties of DNA Gyrase from a Fluoro-
quinolone-Resistant Strain of Escherichia coli. Antimicrob.
Agents Chemother, 1986, 30, 7717.

(17) Sato, K.; Matsuura, Y.; Inoue, M,; Une, T.; Osada, Y.; Ogawa,
H.; Mitsuhashi, S. In Vitro and In Vivo Activity of DL-8280,
a New Ozxazine Derivative. Antimicrob. Agents Chemother.
1982, 22, 548.
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not isolated because of its moisture-sensitivity. The supernatant
solution was removed by decantation and the resulting solid was
washed with dry toluene by decantation. A solution of diethyl
malonate (14.5 g, 90.5 mmol) in dry acetonitrile (200 mL) was
added to the solid, chilled in ice. Triethylamine (18.4 g, 182 mmol)
was added gradually to the mixture. After being stirred at room
temperature for 1 h, the mixture was evaporated in vacuo, water
was added, and the products were extracted with CHCl,. The
extract was washed with water, dried over magnesium sulfate,
and evaporated in vacuo, and the residue was crystallized from
ethyl acetate to afford 12 (24.9 g, 78%) as yellow crystals. 12
(recrystallized from hexane/ethyl acetate): mp 161-164 °C; 'H
NMR (CDCl;) 6 1.17 (t,J = 7 Hz, 6 H), 3.98 (q, J = 7 Hz, 4 H),
5.01(d,J =1Hz 2 H),6.61(t,J =1Hz 1H),6.89 (dt, J = 7.5,
9.5 Hz, 1 H), 7.33 (ddd, J = 2.5, 4.5, 9.5 Hz, 1 H). Anal. (Ci;-
H,;NO,SF,) C, H, N.

Ethyl 9,1-(Epoxymethano)-7,8-difluoro-5-0xo-5H -thiazo-
lo{3,2-a lquinoline-4-carboxylate (13). A mixture of compound
12 (67.0 g, 175 mmol) and polyphosphoric acid (460 g) was stirred
at 115 °C for 4 h and poured onto ice. The precipitates were
collected and washed with water to afford 13 (57.5 g, 97%) as
colorless crystals. 13 (recrystallized from DMF): mp >280 °C;
'H NMR (DMSO-dg) 5 1.31 (t,J = 7 Hz, 3 H), 4.30 (g, J = 7 Hz,
2 H), 5.60 (d, J = 1 Hz, 2 H), 7.47 (t, J = 1 Hz, 1 H), 7.64 (dd,
J =11, 8 Hz). Anal. (C,;H,NO,SF,) C, H, N.

9,1-(Epoxymethano)-7,8-difluoro-5-oxo-5H-thiazolo[3,2-
a]quinoline-4-carboxylic Acid (14). Compound 13 (7.4 g, 21.9
mmol) was added to ice-cooled fuming sulfuric acid (35 mL),
stirred at room temperature for 5 h, and then poured onto ice.
The precipitate was collected and washed with water to afford
14 (6.7 g, 98%) as colorless crystals. 14 (recrystallized from
DMS0): mp >280 °C; 'H NMR (DMSO-dg) 6 5.70 (d, J = 1 Hz,
2H),7.72 (t,J =1 Hz,1 H), 7.86 (dd, J = 11, 7 Hz, 1 H), 15.33
(br, 1 H). Anal. (C,;H;NO,SF,) C, H, N.

Method A. 9,1-(Epoxymethano)-7-fluoro-5-oxo-8-(1-
pyrrolidinyl)-5 H-thiazolo[3,2-a Jquinoline-4-carboxylic Acid
(6d). A mixture of compound 14 (300 mg, 0.97 mmol) and
pyrrolidine (350 mg, 4.9 mmol) in DMSO (10 mL) was stirred at
90 °C for 43 h and then evaporated in vacuo. Dilute HCl was
added to the residue, and the precipitates were collected, washed
with water, and recrystallized from DMSO to afford 6d (258 mg,
73%) as yellow crystals.

By similar procedures, using triethylamine as an acid scavenger
if necessary, compounds 6a (51%), 6b (66%), 6¢ (77%), 6f (79%),
6h (81%), 6i (63%), 6j (80%), 60 (60%), 6p (76%), and 6q (79%)
were prepared.

Method B. 8-(3-Amino-1-pyrrolidinyl)-9,1-(epoxy-
methano)-7-fluoro-5-0xo-5H -thiazolo[3,2-a Jquinoline-4-
carboxylic Acid (6e). A suspension of compound 6f (1.5 g, 3.6
mmol) in 10% aqueous NaOH solution (400 mL) was refluxed
for 15 h, and the mixture was adjusted to pH 7.0 with dilute HCL
The precipitates were collected, washed with water, and recrys-
tallized from DMF to afford 6e (0.82 g, 58%) as green-yellow
crystals.

Method C. 9,1-(Epoxymethano)-8-[3-[(ethylamino)-
methyl]-1-pyrrolidinyl]-7-fluoro-5-oxo-5H-thiazolo[3,2-a }-
quinoline-4-carboxylic Acid Hydrochloride (6g). A mixture
of compound 14 (3.50 g, 11.3 mmol), 3-[(ethylamino)methyl]-
pyrrolidine dihydrochloride (3.10 g, 15.4 mmol), and triethylamine
(6.80 g, 67.2 mmol) in DMSO (120 mL) was stirred at 90 °C for
43 h and then evaporated in vacuo. Water was added to the
residue and the mixture was adjusted to pH 8.0 with dilute
aqueous NaOH solution. The insoluble materials were collected,
washed with water, and recrystallized from DMSO to afford the
free base of 6g (3.81 g, 80%) as yellow crystals; mp 247 °C dec.
Anal. (CyHxN30,SF-0.75H,0) C, H,N. The free base of 6g (3.00
g, 7.18 mmol) was dissolved in water (80 mL) by the addition of
1 N HCI (7.2 mL) and the solution was filtered. The pH of the
filtrate was lowered by addition of concentrated HC] (5 mL) to
afford 6g (2.78 g, 85%) as yellow crystals.

By a similar procedure, the free base of 6k (77%) and 6n (46%),
compound 6m (52%; in this case, the filtrate was adjusted to pH
7.0), and hydrochlorides 6k (81%) and 6n (88%) were prepared.
The free base of 6k (recrystallized from DMF): mp 255 °C dec.
Anal. (C;H,N;0,SF) C, H, N. The free base of 6n: mp 259
°C dec. Anal. (C19H18N304SF'0.5H20) C, H, N.
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Method D. 9,1-(Epoxymethano)-7-fluoro-8-(4-methyl-1-
piperazinyl)-5-oxo-5H-thiazolo[3,2-a Jquinoline-4-carboxylic
Acid Hydrochloride (61). A mixture of compound 14 (15.0 g,
48.5 mmol) and 1-methylpiperazine (15.0 g, 150 mmol) in DMSO
(350 mL) was stirred at 85 °C for 3.5 h and then evaporated in
vacuo. Water was added to the residue and then acetic acid (20
mL) was added. The resultant solution was filtered, and the
filtrate was adjusted to pH 7.0 with dilute aqueous NaOH solution
and then extracted with CHCl;/CH3OH (10/1 v/v). The extract
was washed with water and was evaporated in vacuo. The residue
was recrystallized from CHCl,/CH3;CH;OH to afford the free base
of 61 (16.3 g, 86%) as pale yellow crystals; mp 255 °C dec. Anal.
(C1sH1¢N3O,SF) C, H, N. The free base of 61 (1.50 g, 3.85 mmol)
was dissolved in hot water (100 mL, 45 °C) by addition of con-
centrated HC! (4 mL) and the solution was filtered. The filtrate
was cooled with ice/water to afford 61 (1.60 g, 97%) as pale yellow
crystals.

Compound 61 can also be obtained from compound 16 by the
following procedure. A mixture of compound 16 (3.65 g, 8.55
mmol) and 1-methylpiperazine (2.23 g, 22.3 mmol) in DMSO (10
mL) was stirred at 80 °C for 1 h and then evaporated in vacuo.
Acetone (20 mL) and 6 N HCI (10 mL) were added to the residue,
and the mixture was stirred at room temperature for 2.5 h. The
insoluble materials were collected and dissolved in hot water (40
mL, 40 °C), and then the resultant solution was filtered. The
pH of the filtrate was lowered by the addition of concentrated
HCI (6 mL), and 61 (2.84 g, 75%) separated as pale yellow crystals.

9,1-(Epoxymethano)-7,8-difluoro-5-oxo-5H-thiazolo[3,2-
a]quinoline (15). A solution of compound 14 (500 mg, 1.62
mmol) in a mixture (10 mL) of 1/4 concentrated HCl/acetic acid
was refluxed for 11 h and cooled to room temperature. The
resultant precipitates were collected and recrystallized from
DMSO0/H,O0 to afford 15 (174 mg, 39%) as slightly dark yellow
crystals: mp 259-262 °C; 'H NMR (DMSO-dg) 6553 (d,J =1
Hz, 2 H), 6.62 (s, 1 H), 7.23 (t,J = 1 Hz, 1 H), 7.58 (dd, J = 7.5,
11 Hz, 1 H). Anal. (C,,H;NO,SF.0.25H,0) C, H, N.

Diacetoxy[[[9,1-(epoxymethano)-7,8-difluoro-5-ox0-5H-
thiazolo[3,2-a Jquinolin-4-yl]carbonyljoxy]borane (16). A
mixture of compound 13 (500 mg, 1.48 mmol) and triacetoxy-
borane (420 mg, 2.21 mmol) in acetic anhydride (5 mL) was stirred
at 80 °C for 3.5 h. The precipitates were collected and washed
with acetic anhydride and hexane to afford 16 (578 mg, 89%) as
colorless crystals: mp 269 °C dec; 'H NMR (DMSO-dg) 6 1.91
(s,6 H),5.83(d,J =1Hz, 2H), 803 (dd,J = 7, 10 Hz, 1 H), 8.11
(t,J =1Hz, 1 H). Anal. (C;;H;(NOsSF,B) C, H, N.

9,1-(Epoxymethano)-7,8-difluoro-5-oxo-5 H -thiazolo[3,2-
a]quinoline-4-sulfonic Acid (17). Compound 15 (1.00 g, 3.77
mmol) was added to ice-cooled fuming sulfuric acid (12.3 g), and
the mixture was stirred at room temperature for 4 h, and then
poured onto ice (200 g). The resultant precipitate was collected
and dissolved in water (500 mL), and the solution was filtered.
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The pH of the filtrate was lowered by addition of concentrated
H,S0, (10 mL) to afford 17 (1.11 g, 85%) as colorless crystals;
mp >280 °C; 'H NMR (D,0) § 5.46 (d, J = 1 Hz, 2 H), 7.27 (t,
J =1Hz, 1 H), 7.71 (dd, J = 7 Hz, 10.5 Hz, 1 H). Anal. (C,,-
H;NO;S,F,) C, H, N.
9,1-(Epoxymethano)-7-fluoro-8-(4-methyl-1-piperazin-
yl)-5-0x0-5H-thiazolo[3,2-a ]Jquinoline (18). A solution of
compound 61 (2.00 g, 4.70 mmol) in a mixture (50 mL) of 1/4
concentrated HCl/AcOH was refluxed for 13 h and evaporated
in vacuo. The residue was dissolved in water, and the solution
was basified with dilute NaOH. The resultant precipitates were
collected, washed with water, and recrystallized from CH,OH to
afford 18 (900 mg, 55%) as colorless crystals: mp 260-265 °C;
'H NMR (CDCly) 4 2.37 (s, 3 H), 2.56 (m, 4 H), 3.36 (m, 4 H),
524 (d,J = 1Hz, 2 H),6.50 (s, 1 H), 6.54 (t,J =1 H), 7.64 (d,
J =12 Hz, 1 H). Anal. (C,;H;sN;O,SF) C, H, N.
9,1-(Epoxymethano)-7-fluoro-8-(4-methyl-1-piperazinyl)-
5-oxo0-5H-thiazolo[3,2-a Jquinoline-4-sulfonic Acid (19). A
mixture of compound 17 (300 mg, 8.69 mmol) and 1-methyl-
piperazine (557 mg, 5.56 mmol) in DMSO (5 mL) was stirred at
90 °C for 40 h and then evaporated in vacuo. Water was added
to the residue, and the mixture was adjusted to pH 5 with dilute
HCL The insoluble materials were collected, washed with water,
and dissolved in dilute aqueous NaOH solution, and the solution
was filtered. The filtrate was adjusted to pH 5 with dilute hy-
drochloric acid to afford 19 (285 mg, 83%) as colorless crystals:
mp >280 °C; 'H NMR (D0 + NaOD) 5§ 2.30 (s, 3 H), 2.55 (br,
4 H), 3.18 (br, 4 H), 5.15 (s, 2 H), 7.38 (d, J = 13 Hz); the signal
due to H-2 was not observed, probably due to exchange with
deuterium. Anal. (CI7H16N305SQF'0.75H20) C, H, N.

Registry No. 6a, 136708-87-7; 6b, 136708-88-8; 6¢, 136736-95-3;
6d, 119474-52-1; 6e, 119474-54-3; 6f, 119474-32-7; 6g, 136708-96-8;
6g-HCl, 136708-97-9; 6h, 119474-53-2; 6i, 136708-98-0; 6j,
136708-99-1; 6k, 119474-49-6; 6k-HC], 119474-56-5; 61, 119474-47-4;
61-HCl, 119474-55-4; 6m, 119474-50-9; 6n, 136709-00-7; 6p,
136709-01-8; 6q, 136709-02-9; 7, 3862-73-5; 8, 119474-39-4; 9,
136708-89-9; 10, 119474-31-6; 11, 136708-90-2; 12, 119474-42-9;
13, 119474-43-0; 14, 119474-45-2; 15, 136708-91-3; 16, 136708-92-4;
17, 136708-93-5; 18, 136708-94-6; 19, 136708-95-7; methanol, 67-
56-1; methanethiol, 74-93-1; dimethylamine, 124-40-3; pyrrolidine,
123-75-1; 3-acetamidopyrrolidine, 79286-74-1; 3-[(ethylamino)-
methyllpyrrolidine, 132306-05-9; 3-pyrrolidinone, 96-42-4;
trans-3,4-dihydroxypyrrolidine, 136779-52-7; piperidine, 110-89-4;
N-methylpiperazine, 109-01-3; 2-methylpiperazine, 109-07-9;
piperazine dihydrochloride, 142-64-3; cis-2,6-dimethylpiperazine
dihydrochloride, 19146-08-8; 2-piperazinone, 5625-67-2; mor-
pholine, 110-91-8; thiomorpholine, 123-90-0.

Supplementary Material Available: Spectral data of tet-
racyclic pyridone carboxylic acids 6a-q (2 pages). Ordering in-
formation is given on any current masthead page.



