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A series of 7-(2-substituted-4-thiazolyl and thiazolidinyl)-1-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
acids and their 6-fluoro analogues were synthesized. The Hantzsch method was used for the preparation of
the thiazolylquinolones. The thiazolidinylguinolones were synthesized by quaternization of the correspon-
ding thiazolyl analogues, followed by reduction of the obtained thiazolium salts with sodium borohydride in
aqueous solution. Antibacterial activity was tested in vitro. Most of the compounds were inactive against
Gram-negative bacteria but some of them showed however good activity against Gram-positive bacteria and
mycobacteria. This activity pattern is rarely found among the quinolone antibacterials.

J. Heterocyclic Chem., 28, 673 (1991).

4-Quinolone-3-carboxylic acids have been a subject of
interest since Lesher et al. reported in 1962 that nalidixic
acid exhibited antibacterial activity against Gram-
negative bacteria [1]. The recent discovery of fluorinated
quinolones with much more potent antibacterial activities
promoted the synthesis of a large number of analogues.
Structure-activity relationship studies showed that
quinolones having a five or six-membered heterocyclic
ring at the C-7 position show good antibacterial activities
[2-4], e.g., piperazinyl in norfloxacin (1) and pyrrolyl in
irloxacin (2). A fluorine atom at the C-6 position is also
necessary for the excellent antibacterial potency of the
compounds [S]. As part of our research programme to
prepare sulfur-containing congeners of quinolone anti-
bacterials, we synthesized a series of 7-(2-substituted-4-
thiazolyl)quinolones and 742-substituted-3-methyl-4-thia-
zolidinyl)quinolones which can be represented by the
general formula 3 and 4, respectively, where R is alkyl,
aryl or amino and X is hydrogen or fluorine.
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Some of the thiazolyl compounds have already been
reported in the literature [6). The different synthetic
strategy and the preparation of the thiazolidinyl
derivatives prompted us to report our results.

Chemistry.

Thiazole derivatives can be synthesized by several
methods according to the components from which the
skeleton of the ring is built up. The most frequently used
method is the Hantzsch synthesis [7] which involves the
reaction between a thioamide and an a-halocarbonyl com-
pound. A general method for the synthesis of 4-quinolone-
3-carboxylic acids is the Gould-Jacobs synthesis [2] which
includes the condensation of a substituted aniline with
diethyl ethoxymethylenemalonate (EMME) and a thermal
cyclization in diphenyl ether at 250°. Both methods were
used for the synthesis of our target compounds. Thus, the
appropriate starting material for the synthesis of 3 is
3-aminoacetophenone (3, X = H) or 2-fluoro-5-amino-
acetophenone (5, X = F). The latter compound was
prepared by nitration of 2-fluoroacetophenone with nitric
acid/sulfuric acid, followed by reduction of the nitro com-
pound with iron powder/hydrochloric acid in a total yield
of 70%. This method appeared easier to handle and give
higher yield than the method reported in the literature [8].

Both the condensation of the aniline 5 with EMME in
toluene at refluxing temperature and the subsequent ther-
mal cyclization of anilinomethylenemalonate 7 in diphenyl
ether at about 250° gave good yields. The ethylation of the
obtained ethyl 7-acetyl-4-hydroxyquinoline-3-carboxylate
or its 6-fluoro analogue 9 gave only poor results under
various ethylating conditions such as: ethyl iodide/sodium
hydride in N,N-dimethylformamide; ethyl iodide/potas-
sium carbonate in N,N-dimethylformamide; triethyl phos-
phate/potassium carbonate; ethyl iodide/thallium ethoxide
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in ethanol etc. The difficulty of this ethylation is probably
due to the acidic properties of the 7-acetyl group. This can
be overcome by converting the acetyl group into a ketal.
Compound 12 was thus ethylated very easily with ethyl
iodide/potassium carbonate in N,N-dimethylformamide in
nearly quantitative yield. This protection of the carbonyl
group also avoided the formation of a 5-acetyl quinoline
isomer during the thermal ring closure in diphenyl ether.
Our observations are in contrast with the findings of
Cooper et al. where in a same reaction 50% of both
isomers are formed [9]. The ketal 6 was obtained by react-
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ing the as trifluoroacetamide protected 3 with ethylene
glycol and p-toluenesulfonic acid in toluene. After
hydrolysis in alkaline medium, the dioxolanyl substituted
aniline 10 was converted into quinolones 12 and 15 in the
same way as described above for the ketone, the yield of
ethylation being 96%. The free ketone 13 was obtained by
hydrolysis of 15 either in acidic medium or in basic
medium. Quinolone acid 16 was obtained and further
hydrolyzed with hydrochloric acid to 13.

Starting aniline 5 can also be ethylated directly with
ethyl iodide by heating in a sealed flask at 50° for 24 hours
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Table 1

Characteristics of Compounds 3

R CHCH,
Compound Mp Yield Formula Elemental Analysis % IR (KBr)
No. «C % Calcd./Found vV max
C H N S

3(I)a 263 91 CisHjpN,O3S  59.99 4.02 9.33 10.68 1725 (C=0)
EOH 60.01 4.04 9.35 10.72

3(Db 230 82 CigHilNoOsS  61.13 4.48 8.91 10.20 1720 (C=0)
EOH 61.18 4.50 8.89 10.17

3(De 232 8 G038,  55.47 4.07 8.09 18.51 1700 (C=0)
EtOH 55.34 4.08 8.05 18.48

3(Dhd >300 88 Cyp7HisN3O4S  57.13 4.23 11.76 8.97 3260 (NH)
DMF 56.98 4.21 11.77 9.01 1720 (C=0)

3(De >300 89 CisHisN3O3S  57.13 4.15 13.33 10.17 3415 (NH)
DMF 57.01 4.14 13.23 10.20 3210 (NH)

1720 (C=0)

3(Df 268 83 Ci7H;N3O3S  59.46 4.99 12.24 9.34 1710 (C=0)
DMF 59.47 5.01 12.29 9.31

3(Ig 283 72 CythN303S  62.64 5.51 10.96 8.36 1720 (C=0)
DMF 62.59 5.5010.90 8.38

3(I)h >300 80 CyoHisN303S  63.65 4.00 11.13  8.50 1725 (C=0)
DMF 63.69 4.0211.12 8.53

3(Di 262 %0 GHN,03S  67.01 4.28 7.44 8.52 1720 (C=0)
DMF 67.01 4.26 7.47 8.50

3(INa 272 8 CsHyiMN,OsS  56.60 3.48 8.80 10.07 1725 (C=0)
DMF 56.55 3.43 8.84 10.09

3(IDb 275 84 CgHjsMNL,03S  57.82 3.94 8.43 9.65 1725 (C=0)
EOH 57.86 3.92 8.39 9.62

3(II)e >300 85 C;sHjpFN3O3S  54.05 3.63 12.61 9.62 3340 (NH)
DMF 54.01 3.64 12.64 9.60 3415 (NH)

1720 (C=0)

3(INf >300 85 Cy7H;gMN3O3S  56.50 4.46 11.63 8.87 1720 (C=0)
DMF 56.47 4.44 11.60 8.83

3(I)g 287 52 GCyoHyofN3OsS 59.84 5.02 10.47 7.99 1725 (C=0)
DMF 59.88 5.04 10.42 7.96

3(IDi 275 69 CpHjsPNOsS  63.95 3.83 7.10 3 1725 (C=0)
DMF 64.15 3.81 7.08

[a] t, 3H, J = 7 Hz, CH,CH. [bl g, 2H, ] = 7 Hz, CH,CHj.

675

PMR (deuteriotrifluoroacetic acid) §
ppm

1.95 [al, 5.20 [b], 8.60 (d, 1H, J = 2, Cs-H), 8.75 (d,
1H, ] = 2, Cy-H), 9.10 (m, 3H, Cs ¢ g-H), 9.85

(s, 1H, Cy-H)

1.85 {a], 3.30 (s, 3H, CHj), 5.10 [b], 8.05 (s, 1H,
Cs-H), 8.55 (d, 1H, T = 8, C4-H), 8.80 (s, 1H, Cg-H),
9.05 (d, 1H, J = 8, Cs-H), 9.70 (s, 1H, C3-H)

1.87 fa], 3.12 (s, 3H, SCHj3), 5.10 [b], 8.38 (s, 1H,
Cs-H), 8.48 (d, 1H, ] = 8, Cs-H), 8.80 (s, 1H, C5-H),
9.08 (d, 1H, J = 10, C5-H), 9.68 (s, 1H, C,-H)

1.92 [a], 2.66 (s, 3H, COCH3), 5.26 [b], 8.25 (s, 1H,
Cs-H), 8.58 (d, 1H,J = 9, C¢-H), 9.03 (s, 1H, Cg-H),
9.13 (d, 1H, J =9, Cs-H), 9.73 (s, C5-H)

1.87 [a], 5.10 [b], 8.20 (s, 1H, Cs-H), 8.50 (d, 1H,
J=9,Cq-H), 8.95 (s, 1H, Cg-H), 9.12 (d, 1H,T =9,
Cs-H), 9.62 (s, 1H, C5-H)

1.87 [a], 3.60 (s, 6H, N(CH3)3), 5.10 [b], 7.57 (s, 1H,
Cs-H), 8.40 (d, 1H, J = 9, C¢-H), 8.67 (s, 1H, Cg-H),
9.08 (d, 1H,J =9, Cs-H), 9.73 (s, C5-H)

1.87 [al, 1.98 (s, 6H, broad, -(CHs)3-), 3.90 (s, 4H,
broad, -CHyNCHj,-), 5.10 [b], 7.52 (s, 1H, Cs-H),
8.38 (d, 1H,J = 9, C¢-H), 8.65 (s, 1H, Cg-H), 9.08 (d,
1H,1=9, Cs-H), 9.70 (s, 1H, Cy-H)

1.84 [a], 5.10 [b], 8.75-9.23 (m, 8H, aromatic H),
9.78 (s, 1H, Cy-H)

1.84 [a], 5.10 [b], 7.90 (s, 5H, phenyl H), 8.10 (s, 1H,
Cs-H), 8.43 (d, 1H,J =9, C4-H), 8.87 (s, 1H, Cg-H),
9.10 (d, 1H, J =9, Cs-H), 9.65 (s, 1H, C3-H)

1.85 [a], 5.15 [b], 8.65-9.03 (m, 4H, aromatic H),
9.65 (s, 1H, Cy-H)

1.85 [a], 3.30 (s, 3H, CH3), 5.10 [b], 8.60 (s, 1H,
Cs-H), 875 (d, 1H,J = 3, Cg-H), 8.90 (d, 1H, ] =6,
Cs-H), 9.60 (s, 1H, C5-H)

1.88 [a], 5.22 [b], 8.32 (s, 1H, Cs-H), 8.55 (d,

1H,J = 10, Cs-H), 9.10 (4, 1H, J = 5, Cg-H), 9.62 (s,
1H, Cy-H)

1.85 [al, 3.55 (s, 6H, N(CHj3)3), 5.05 [b], 7.55 (s, 1H,
Cs-H), 8.55(d, 1H,J =9, Cs-H), 8.68 (d, 1H,J =3,
Cg-H), 9.60 (s, 1H, C5-H)

1.85 [a], 1.95 (s, 6H, broad, -(CH3)3-), 3.85 (s, 4H,
broad, -CH,NCH,-), 5.05 [b], 7.53 (s, 1H, Cs-H),
8.53 (4, 1H, J = 9, Cs-H), 8.67 (d, 1H, J = 3, Cg-H),
9.58 (s, 1H, Co-H)

1.85 [a], 5.08 [b], 7.72 (s, SH, phenyl H), 8.38 (s, 1H,
Cs-H), 875 (d, 1H,J =9, Cs-H), 9.25 (d, 1H,J =5,
Cg-H), 9.60 (s, 1H, C3-H)




676 M. Q. Zhang, L. Levshin, A. Haemers, D. Vanden Berghe, S. R. Pattyn, W. Bollaert Vol. 28
Scheme 2
X
X HCOOH Br
0 CHC
Oty NH, hea CHs NHCH ?
1
0
° 5 19 &
S
X 1. RC o / EtOH X
R G | I —_— 3
BreH, NHHpr 2 Ne2C0s s NH,
0 =N
20 R)— 21
R: a=H - / \N
b = CHy =
¢ = SCH; _ @
d = NHCOCH;
Scheme 3
o 0 o
X COOH
b | COOH oHy X | COOH NaBH, |
kL o
N PN Hy s I
- | — I
R>— N CH,CHy R>_' N:cn, CH,CHy R>_ N\cu, CH,CHy
3 1~ "
22
X = ()H or (I)F X = ()H or (I)F
R: a=H R: a=H
b w CHy b = CHy
¢ w SCHy
Table 2
Characteristics of Compounds 21
5
4 6
5
S 21 NH,
)=N
rR’?
Compound R Mp Yield IR (KBr) PMR (deuteriochloroform) § ppm
No. °C % v max
21a H oil 84 3460 (NH), 3370 (NH), 3.95 (s, 2H, br, NHy), 6.90 (m, 1H, Cs-H), 7.45-7.60 (m, 3H, Cy 4 ¢-H),
3220 (NH), 1625 (C=C) 775, 1H,J = 2,Cs-H), 9.20 (d, 1H, J = 2, Cy-H)
21b CH; 88-90 91 3420 (NH), 3320 (NH), 2.75 (s, 3H, CHy), 5.20 (5, 2H, br, NH), 6.70 (m, 1H, Cs-H), 7.15-7.30
1625 (C=C), 1600 (C=C)  (m, 3H, Cy 4 6-H), 7.75 (s, 1H, Cs-H)
21c SCH3 78-81 90 3420 (NH), 3320 (NH), 2.80 (s, 3H, SCH3), 5.45 (s, 2H, br, NH,), 7.50-8.00 (m, 4H, phenyl H),
1625 (C=C), 1610 (C=C)  8.20 (s, 1H, Cs-H)
21d NHCOCH4 85-87 76 3410 (NH), 3300 (NH), 2.25 (s, 3H, COCH3), 4.35 (s, 2H, br, NH3), 7.40 (m, 1H, Cs-H), 7.72 (s,
1715 (C=0), 1630 (C=C), 1H, Cs-H), 7.80-7.98 (m, 3H, Cy 4 6-H), 9.50 (s, 1H, br, NHCO)
1600 (C=C)
21h CsHyN 105-108 73 3380 (NH), 3200 (NH), 4.60 (s, 2H, br, NHy), 6.90 (m, 1H, Cs-H), 7.25-7.52 (m, 3H, Cy 4 ¢-H), 7.88
1630 (C=C), 1600 (C=C) (s, 1H, Cs-H), 8.00 (d, 2H, J = 6, pyridyl-H), 8.83 (d, 2H, J = 6, pyridyl-H)
21i CgHs 94-98 89 3400 (NH), 3320 (NH), 4.85 (s, 2H, br, NH,), 7.30-8.00 (m, 10H, aromatic H)

1620 (C=C), 1600 (C=C)
or by ethylating its trifluoroacetamide followed by
hydrolysis to give the ethylated aniline 17. This reacted
with EMME to afford compound 18 which was cyclized in
polyphosphoric acids (PPA) to the desired 7-acetyl-1-
ethylquinolone (11). However, the purification of the pro-

ducts from every reaction step with silica gel column and
the low total yield limited the utilization of this synthetic
route.

Quinolone 11 or its acid 13 was further brominated with
pyridinium bromide perbromide to afford the bromo-
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Table 3
Characteristics of Compounds 22
Compound Mp Yield Formula Elemental Analysis % IR Mass MW
No. °C % Caled./Found vV max Spectrum
C H N S (FAB)
22(Da 248-250 86 Ci6H15IN2038 43.45 342 633 7.25 1730 (C=0) 316 M++1 4423
4341 344 632 7.28
22(Db 286-288 92 Cy7H17IN;O3S 4475 375 6.14 7.03 1735 (C=0) 330 M++1 4563
4473 378 617 7.07
22(Nc 280-282 80 Ci7H17IN,O3S, 41.81 351 574 1313 1730 (C=0) 362 M++1 488.4
41.96 349 582 13.09
22(IDa 236-238 81 C16H14FIN2O3S 4175 3.06 6.09 6.97 1705 (C=0) 334 M++1 4603
41.68 3.08 6.02 6.94
22(Inb 265-266 84 Cy7H16FIN2 O3S 43.05 340 591 6.76 1725 (C=0) 348 M*+1 4743
43.18 341 590 6.78
Table 4
Characteristics of Compounds 4
Compound Mp Yield Formula Elemental Analysis % IR Mass MW
No. «C % Caled./Found vV max Spectrum
C H N S (ED
4(I)a 220-221 30 CieHigN2 O3S 60.36 5.69 8.80 10.07 1725 (C=0) 318 M+, 217 (100%)  318.4
dec 60.47 5.68 8.71 10.02 M+-Thiazol
4(I)b 170-181 42 Ci7HagN2 O3S 61.42 6.06 8.43 9.65 1735(C=0) 332 M+, 317 (100%)  332.4
61.39 6.08 8.45 9.63 M+-CHj3
4(11)a 238-240 38 CigHy 7N, 038 57.13 5.09 8.33 9.53 1720 (C=0) 336 M+ (100%) 336.4
dec 57.20 5.07 8.30 9.57 1705 (C=0)
4(1Db 182-183 40 Ci7H1oFN; O3S 58.27 5.46 7.99 9.15 1720 (C=0) 350 M+, 217 (100%)  350.4
dec 5824 544 797 9.12 M+-Thiazol.-F

ketone 14. The ester was cleaved in the same reaction.
Bromoketone 14 reacted with a thioamide or thiourea to
give 3 (Table 1).

Quinolone acids 3 can also be synthesized by the Hant-
zsch synthesis of a thiazole followed by formation of a
quinoline ring as shown in Scheme 2. Thus, the protected
aminoacetophenone 19 was brominated with bromine in
chloroform and the bromoketone 20 was reacted with a
thioamide to form thiazole 21 which was then converted
into 3 in similar way as described in Scheme 1. The forma-
tion of isomers during the quinoline ring closure was
prevented due to the steric hinderance of thiazole. The
major drawback of this method however is the time-
consuming procedure for the synthesis of a series of
analogues.

742-Substituted-3-methyl-4-thiazolidinyl)quinolones 4

were synthesized by quaternization of the corresponding
thiazole analogues with methyl iodide in a sealed reaction
tube at 130°, followed by reduction of the thiazolium salts
with aqueous sodium borohydride [10,11].

The attempt to quaternize 7-(2-phenyl-4-thiazolyl)quin-
olone (3i) with methyl iodide under the above condition
failed to yield the thiazolium salt probably due to the high
steric hinderance, whilst the reduction of the 3-methyl-2-
methylthiothiazolium iodide (22¢) with sodium
borohydride did not give the desired thiazolidinyl
analogue owing to hydrolysis in alkaline solution [10].

As expected, the observation of two sets of resonances in
the pmr and cmr spectra of compounds 4 suggested that
these compounds consisted of two diastereoisomers. The
ratio of diastereoisomers is approximately from 10:1 to
2:1. This result is in agreement with the observations of
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NMR Spectral Data of Compounds 4a [a]

PMR [b], [c]

1.56 (t, 3H, T = 7.8, CH,CHj), 2.40 and 2.50 (two s, 3H,
NCH,), 291 (q, 1H, J = 8.1, Cs-H), 3.48 (g, 1H, ] = 8.1,
Cg-H), 3.80-4.25 (m, 3H, Cyp, 4-H), 4.44 (q, 2H,
1 =7.8, CH,CH3), 7.58-7.75 (m, 2H, Cs,Cs-H), 8.56 (4,
1H, J = 7.6, Cg-H) 8.80 (s, 1H, C;-H)

1.52 (4, 3H, J = 5.4, CHCH;), 1.61 (t, 3H, J = 7.3,
CH,CHs), 2.19 and 2.33 (two s, 3H, NCH3), 2.95 (q, 1H,
1=58, Cs-H), 3.20 (q, 1H, ] = 5.8, Cs-H), 3.80 (q, 1H,
1 =10.25, C4-H), 3.97 (q, 1H, J = 5.8, CHCH,), 4.42 (q,
2H, J = 7.3, CHyCHj), 7.26-7.69 (m, 2H, Cs ¢-H), 8.54
(d, 1H, J = 7.8, Cg-H), 8.80 (s, 1H, C5-H)

1.61 @, 3H, J = 7.1, CH,CHj), 2.48 (s, 3H, NCHs), 3.01
(¢, 1H, J = 10.7, Cg-H), 3.51 (q, 1H, J = 10.7, C5-H),
3.80 (d, 1H, J = 8.5, Cp-H), 431 (4, 1H, J = 8.5, C,--H),
4.40-4.49 (m, 3H, CH,CH3 and C4-H), 7.93 (4, 1H, J =
5.86, Cg-H), 8.16 (4, 1H, J = 9.76, Cs-H), 8.78 (s, 1H,
)

1.56 (d, 3H, J = 5.86, CHCH3), 1.61 (t, 3H, J = 7.32,
CH,CHj), 2.30 and 2.41 (two s, 3H, NCHa), 2.87 (g, 1H, J
= 10.25, Cs-H), 3.36 (q, 1H, J = 10.25, Cs-H), 4.01 (q,
1H, J = 5.85, Cy-H), 4.20 (g, 1H, J = 7.57, C4-H), 4.43
(q, 2H, J = 6.83, CH,CH3), 7.97 (4, 1H, J = 537, CgH),

CMR [b]

14.57 (Cy,), 35.84 (Cs), 37.50 and 38.33 (Cg), 49.02 (Cy),
58.74 (Cy), 67.88 (Cy), 107.59 (Cy), 113.84 (Cg), 123.89
(Cg), 125.99 (Cs), 137.87 (Cy), 139.13 (C3), 149.11 (Cy),
154.55 (C1q), 166.17 (C13), 177.50 (C4)

14.72 (Cy2), 21.02 (NCH3), 37.49 (Cs?), 36.44 and 37.90 (Cg)
49.70 (Cyy), 67.51 (Cy), 74.52 (C3), 109.03 (C7), 114.75
(Ce), 125.73 (Cg), 128.01 (Cs), 138.25 (Cy), 139.57 (Ca),
147.98 (Cy), 148.62 (Cy), 167.02 (Cy3), 178.17 (Cy)

14.71 (Cy3), 36.38 (Cs), 38.66 (Cg), 50.06 (Cqy), 59.68
(C2), 65.99 (C4), 108.56 (C7), 112.71 (Cs), 116.04 (Cg),
127.60 (Cg), 135.89 (Co), 136.42 (C3), 147.75 (Cp), 155.92
(C10), 166.73 (C13), 177.41 (Cy)

14.69 (Cy3), 21.04 (NCH3), 37.26 (Cs), 37.52 and 37.83
(Cg), 49.85 (Cyy), 63.54 (Cy), 67.41 (Cy4), 109.29 (Cy),
117.53 (Cs), 118.74 (Cg), 125.57 (Cg), 136.68 (Co), 139.42
(C3), 148.04 (Cp), 149.77 (C1g), 167.13 (Cy3), 178.06 (Cg)

8.19 (d, 1H, ] = 9.77, Cs-H), 8.79 (s, 1H, C,-H)

[a] & from internal TMS in ppm. [b] Deuteriochloroform solution. [c] Coupling constants are in Hz.

Clarke and Sykes [10,11]. No attempts were made to
separate the diastereoisomers.

EXPERIMENTAL

All compounds were checked for their structures with ir spec-
trophotometry, pmr, mass spectrometry and elemental analysis.
The thiazolidinyl quinolones 4 were also checked with cmr spec-
trometry. The ir spectra were obtained with a Beckman Acculab-4
spectrophotometer. The » max are given in cm"*. All compounds

were examined as potassium bromide pellets. The pmr spectra of
most compounds were recorded on a Varian EM 360A spec-
trometer, whilst the pmr and cmr spectra of the thiazolidinyl-
quinolone compounds were recorded on a JEOL FX 200 spec-
trometer with Spin-Echo Fourier Transform (SEFT) technique
for the cmr. Chemical shifts are given in ppm (8) relative to
tetramethylsilane and coupling constants are in Hz. Mass spec-
tral data were registered on a VG 70 SEQ mass spectrometer with
fast atom bombardment (FAB) ionization method for the
thiazolium salts and electron impact (EI) ionization method for

the other compounds. Melting points were determined on a
Biichi capillary melting point apparatus and are uncorrected.

5"-Amino-2'-fluoroacetophenone (S(IT)).

To 100 ml of concentrated sulfuric acid cooled <0° was added
20.7 g (0.15 mole) of pure 2"-fluoroacetophenone at such a speed
that the temperature of the reaction mixture was maintained
<5°. After addition, the mixture was cooled to -20° and a
nitrating mixture of 15 ml of nitric acid and 22.5 ml of sulfuric
acid was added as fast as possible while the temperature was kept
at <-15°. Stirring was then continued for 15 minutes and the
mixture was poured onto cracked ice. The white precipitate was
collected by filtration and washed well with cold water to afford
2'fluoro-5"-nitroacetophenone, yield 86%, mp 51-52°; ir
(potassium bromide): » max 1690 (C =0), 1530 (NO,), 1260 (NO,);
pmr (deuteriochloroform): 6 2.65 (d, 3H, J = 5, CO-CH,), 7.50
(dd, 1H,J = 9, C;-H), 8.45-8.85 (m, 2H, C,- and C,-H).

A suspension of 18.3 g (0.1 mole) of 2'-fluoro-5"nitroaceto-
phenone and 16.8 g (0.3 mole) of fine iron powder in 200 ml of
50% ethanol was refluxed with vigorous stirring. To this mixture
was added dropwise a solution of 0.5 ml of concentrated
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Table 6
Antibacterial Activity of 7-(4-Thiazoly)quinolones and 7-(4-Thiazolidinyl)quinolones
MICs (ug/mi)

Compound X R’ Gram-positive Gram-negative

Str. St. B. My. E. K. P. Sa. En. Ps.

1 2] 31 {4 [51 [6] M (8] 91 (10
3(I)a H H 3.12 25 0.8 3.12 12.5 6.25 6.25 12.5 6.25 >100
3(Ib H CH; 6.25 25 1.6 6.25 50 12.5 50 50 50 >100
3(Ie H SCH; 6.25 6.25 1.6 3.12 >100 >100 >100 >100 >100 >100
3(d H NHCOCH,3 12.5 25 3.12 6.25 >100 >100 >100 >100 >100 >100
3(Me H 12.5 50 6.25 1.6 >100 >100 >100 >100 >100 >100
k108} § H N(CHs), 6.25 25 12.5 12.5 >100 >100 >100 >100 >100 >100
3(Dg H 1-piperidyl 6.25 12.5 3.12 3.12 >100 >100 >100 >100 >100 >100
3(Dh H 4-pyridyl 1.6 3.12 0.25 1.6 >100 >100 >100 >100 >100 >100
3 H Ph 0.8 0.25 0.25 1.6 >100 >100 >100 >100 >100 >100
3(ID)a F H 6.25 6.25 0.12 25 6.25 6.25 12.5 3.12 6.25 50
3(1II)b F CH; 12.5 12.5 0.5 25 50 25 50 50 50 >100
3(IN)e F NH 12.5 3.12 0.4 3.12 12.5 3.12 6.25 12.5 6.25 50
3(INDf F N(CHz), 6.25 6.25 1.6 12.5 >100 25 >100 >100 >100 >100
3(INg F 1-piperidyl 3.12 3.12 0.8 3.12 >100 >100 >100 >100 >100 >100
3(IDt F Ph 1.6 1.6 0.8 3.12 >100 >100 >100 >100 >100 >100
4(I)a H H 50 0.4 0.4 >100 >100 >100 >100 >100 >100 >100
4(I)b H CH; 50 12.5 0.4 >100 >100 >100 >100 >100 >100 >100
4(IT)a F H 50 12.5 12.5 >100 >100 >100 >100 >100 >100 >100
4(IT)b F CH; 50 50 6.25 >100 >100 >100 >100 >100 >100 >100

[1] Streptococcus pyogenes, [2] Staphylococcus aureus, [3] Bacillus cereus, [4] Mycobacterium fortuitum, [5] Escherichia coli, (6] Klebsiella,

[7] Proteus vulgarius, {8] Salmonella, [9] Enterobacter, [10] Pseudomonas aeruginosa.

hydrochloric acid in 2 ml of 50% ethanol. After addition, stirring
was continued for 2 hours. After cooling, the mixture was treated
with 10% aqueous sodium hydroxide solution to pH 14 and
filtered. The iron cake was washed well with acetone and the com-
bined filtrate was evaporated to dryness. The slightly yellow solid
residue was washed with water and filtered to give S(II), yield
82%, mp 71-72° [lit [9,10] mp 68-70°}; ir (potassium bromide): v
max 3440 (NH), 3360 (NH), 1725 (C=0); pmr (deuteriochloro-
form): 6 2.60 (d, 3H, J = 5, COCH,), 3.80 (br s, 2H, NH,), 6.90 (m,
2H, C,- and C¢-H), 7.20 (m, 1H, C;-H).

2(2-Fluoro-5-trifluoroacetylamino)phenyl-2-methyl-1,3-dioxolane
(6(I1)).

To a solution of 15.3 g (0.1 mole) of S(II) in 50 ml of
trifluoroacetic acid was added 31.5 g (0.15 mole) of trifluoroacetic
anhydride. After refluxing for 4 hours, the solution was poured
into ice-water and the white precipitate was collected by filtration
to afford 2'-fluoro-5"trifluoroacetylaminoacetophenone which,
after drying, was added to a mixture of 15.5 g (0.25 mole) of
ethylene glycol and 0.5 g (2.6 mmoles) of p-toluenesulfonic acid
monohydrate in 500 ml of toluene. The reaction mixture was
refluxed with a Dean-Stark trap overnight. After removing the in-
soluble material on the bottom of the flask, the toluene solution
was evaporated to dryness, the brown oily residue was triturated
with water and extracted with chloroform. The chloroform ex-
tract, after drying over sodium sulfate, was evaporated to dryness
to give compound 6(II) as a brown oil which was used without
further purification, yield 91%; ir (potassium bromide): » max
3350 (NH), 1750 (C=0); pmr (deuteriochloroform): 8 1.80 (s, 3H,
CH.), 3.90 (m, 4H, CH,CH,), 6.85-7.70 (m, 3H, aromatic H), 9.00
(br s, 1H, NH).

Anal. Caled. for C,H,,F,NO;: C, 49.16; H, 3.78. Found: C,
48.89; H, 3.79.

2-Methyl-23-trifluoroacetylamino)phenyl-1,3-dioxolane (6(I)).

Compound 6(I) was prepared as a white crystalline powder
from compound 53(I) in the similar way as compound 6(II), yield
82%, mp 69-71°; ir (potassium bromide): 3300 (NH), 1740 (C=0),
pmr {deuteriochloroform): & 1.65 (s, 3H, CH;), 3.85 (m, 4H,
CH,CH,), 7.45-7.70 (m, 4H, aromatic H), 8.75 (br s, 1H, NH).

Anal. Caled. for C,H,,F;NO;: C, 52.37; H, 4.39. Found: C,
52.42; H, 4.37.

25-Amino-2-fluoro)phenyl-2-methyl-1,3-dioxolane (8(II)).

Compound &II) (23.4 g, 0.08 mole) was dissolved in 50 mi of
ethanol. To this solution was added 60 ml of 10% aqueous
sodium hydroxide solution and the mixture was refluxed for
three hours. After cooling, the mixture was diluted with water
and extracted with chloroform. After drying with sodium sulfate,
the chloroform extracts were evaporated to dryness to afford
&11) as a brown oil which was used without further purification,
yield 76%; pmr (deuteriochloreform): 8 1.75 (s, 3H, CHa), 3.60 (br
s, 2H, NH,), 4.00 (m, 4H, CH,CH,), 6.40-7.10 (m, 3H, aromatic H).

Anal. Caled. for C,oH,,FNO,: C, 60.90; H, 6.13. Found: C,
61.08; H, 6.11.

2{3-Amino)phenyl-2-methyl-1,3-dioxolane (&(I)).

Compound &T) was prepared as a slightly yellow crystalline
powder from compound &I} in the similar way as compound
8(I), yield 72%, mp 80-81°; ir (potassium bromide): » max 3340
(NH), 1610 (C = C); pmr (deuteriochloroform): 5 1.65 (s, 3H, CH,),
3.60 (br s, 2H, NH,), 3.90 (m, 4H, CH,CH,), 6.60-7.30 (m, 4H,
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aromatic H).
Anal. Calcd. for C,,H,sNO,: C, 67.02; H, 7.30. Found: C, 66.89;
H, 7.33.

Diethyl 4-Fluoro-3{2-methyl-1,3-dioxolan-2-yl)anilino methylene-
malonate (1(EL)).

A solution of 10.8 g (0.055 mole) of compound &1II) and 12 g
(0.056 mole) of EMME in 50 ml of toluene was refluxed with stirr-
ing for four hours. After removing the solvent, compound 10(II)
was obtained as a brown oil which was used without further
purification, yield 99% pmr (deuteriochloroform): & 1.30 and
1.35 (each t, 3H, J = 7, CH,CH,), 1.80 (s, 3H, CH.), 4.00 (m, 4H,
CH,CH,), 4.30 and 4.40 (each q, 2H,J = 7, CH,CHj;), 7.10-7.45
(m, 3H, aromatic H), 8.55 (d, 1H,J = 13, NH-CH=C), 11.10 (br d,
1H,J = 13, NH-CH=C().

Anal. Caled. for C,H,,FNOg: C, 58.85; H, 6.03. Found: C,
58.91; H, 6.01.

Diethyl
).

Compound 10(I) was prepared from compound &T) as an oil in
the similar way as compound 1(IT), yield 100%; pmr (deuterio-
chloroform): 6 1.35 and 1.40 (each t, 3H, J = 7, CH,CH,), 1.70 (s,
3H, CH,), 4.00 (m, 4H, CH,CH,), 4.30 and 4.40 (each q, 2H, ] =
7, CH,CH,), 7.10-7.75 (m, 4H, aromatic H), 8.72 (d, 1H, J = 14,
NH-CH=C), 11.20 (br d, 1H, J = 14, NH-CH=().

Anal. Caled. for C,sH,3NO,: C, 61.88; H, 6.63. Found: C, 61.76;
H, 6.61.

Ethyl 6-Fluoro-4-hydroxy-742-methyl-1,3-dioxolan-2-yl)quinoline-
3-carboxylate (12(IT)).

Compound 1((IT) (20 g, 0.054 mole) was added to 250 ml of
diphenyl ether and the mixture was refluxed for 0.5 hour. After
cooling, the solution was diluted with 11 of petroleum ether and
filtered. The precipitate was washed well with petroleum ether
and diethyl ether to afford 12(IT) as a slightly yellow crystalline
compound, yield 65%, mp 272-273°; ir (potassium bromide): »
max 1710 (C =0), 1610 (C = C); pmr (deuteriotrifluoroacetic acid):
6 1.60 (t, 3H, J = 7, CH,CH,), 2.10 (s, 3H, CH,), 4.35 (m, 4H,
CH,.CH,), 4.80 (g, 2H,J = 7, CH,CH,),8.50(d, 1H, J = 9, C5-H),
8.65 (d, 1H, J = 5, Cs-H), 9.52 (s, 1H, C,-H).

Anal. Caled. for C,¢H;cFNOs: C, 59.81; H, 5.01. Found: C,
59.75; H, 5.00.

Ethyl 4-Hydroxy-7-(2-methyl-1,3-dioxolan-2-yl)quinoline-3-car-
boxylate (12(I)).

Compound 12(I) was prepared from compound 1(I) as a
crystalline compound in the similar way as compound 12(II),
yield 60%, mp 206-207°; ir (potassium bromide): v max 1710
(C=0), 1615 (C=C); pmr (deuteriotrifluoroacetic acid): § 1.55 (t,
3H,J = 7, CH,CH,), 2.10 (s, 3H, CH,), 4.10 (m, 4H, CH,CH,),
4.70 (g, 2H, J = 7, CH,CH,), 8.10-8.45 (m, 1H, C,-H), 8.70 (d, 1H,
J =6, Cs-H), 8.85 (d, 1H, J = 10, C;-H), 9.55 (s, 1H, C,-H).

Anal. Caled. for C,H,,NOs: C, 63.36; H, 5.64. Found: C, 63.42;
H, 5.62.

Ethyl 1-Ethyl-6-fluoro-1,4-dihydro-7{2-methyl-1,3-dioxolan-2-yl}
4-oxoquinoline-3-carboxylate (15(IL)).

342-Methyl-1,3-dioxolan-2-yl)anilinomethylenemalonate

To a stirred suspension of 8.6 g (0.062 mole) of potassium car-
bonate in 100 ml of dry N,N-dimethylformamide, was added 10 g
(0.031 mole) of 12(IT). The mixture was heated at 80° and 9.72 g
(0.062 mole) of ethyl iodide was added. The mixture was then stir-
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red at about 100° overnight. After evaporation of the solvent in
vacuo, the residue was taken up in chloroform, washed with water
and dried over sodium sulfate. The chloroform was distilled off in
vacuo to yield compound 15(IT) as colourless crystals, yield 96%,
mp 122-123°; ir (potassium bromide): ¥ max 1730 (C=0), 1630
(C=C); pmr (deuteriochloroform): & 1.55 (m, 6H, CH,CH,), 1.80
(s, 3H, CH5), 4.05 (m, 4H, CH,CH,), 4.35 (m, 4H, CH,CH.), 7.75
(d, 1H,J = 6, Cs-H), 8.20(d, 1H,J = 10, C;-H), 8.60 (s, LH, C,-H).

Anal. Caled. for C,H,,FNO;: C, 61.88; H, 5.76. Found: C,
61.93; H, 5.74.

Ethyl 1-Ethyl-1,4-dihydro-7-(2-methyl-1,3-dioxolan-2-yl)-4-oxo-
quinoline-3-carboxylate (15(I)).

Compound 1I) was prepared from compound 12(I) as a solid
compound in the similar way as compound 15(II), yield 94%, mp
132-133°; ir (potassium bromide): » max 1720 (C=0), 1710
(C=0), 1610 (C=C); pmr (deuteriochloroform): & 1.45 (m, 6H,
CH,CH,), 1.75 (s, 3H, CH,), 4.05 (m, 4H, CH,CH,), 4.45 (m, 4H,
CH,CH,), 7.70 (m, 2H, C4- and C,-H), 8.70 (m, 2H, C,- and C;s-H).

Anal. Caled. for C,sH,,NO,: C, 65.22; H, 6.38. Found: C, 65.07;
H, 6.35.

1-Ethyl-6-fluoro-1,4-dihydro-7-(2-methyl-1,3-dioxolan-2-yl)-4-oxo-
quinoline-3-carboxylic Acid (16(IT)).

Compound 15(II) (2 g, 0.006 mole) was added to 50 ml of 1N
aqueous sodium hydroxide solution and refluxed for 5 minutes.
After cooling, the mixture was filtered to remove the insoluble
material and the clear filtrate was neutralized with concentrated
hydrochloric acid. The white precipitate was collected by filtra-
tion, washed with water and dried at 50° to afford compound
16(I1) as colourless solid, yield 92%, mp 226-229°; ir (potassium
bromide): » max 1735 (C=0), 1620 (C=C); pmr (deuteriotri-
fluoroacetic acid): 6 2.00 (t, 3H, J = 7, CH,CH,), 2.20 (s, 3H,
CH,), 4.30 (m, 4H, CH,CH.,), 5.05(q, 2H,J] = 7, CH,CH,), 8.38 (d,
1H,J =9, Cs-H), 8.52 (d, 1H, J = 6, Cs-H), 9.52 (s, 1H, C,-H).

Anal. Caled. for C;cH,sFNOs: C, 59.81; H, 5.01. Found: C,
59.99; H, 5.03.

1-Ethyl-1,4-dihydro-742-methyl-1,3-dioxolan-2-yl}4-oxoquinoline-
3-carboxylic Acid (16(I).

Compound 16(I) was prepared from compound 15(I) as a col-
ourless solid compound in a similar way as compound 16(II),
yield 87%, mp 225-226°; ir (potassium bromide): » max 1735
(C=0), 1625 (C=C); pmr (deuteriotrifluoroacetic acid): 4 1.90 (t,
3H,J = 7, CH,CH,), 2.03 (s, 3H, CH,), 4.33 (m, 4H, CH,CH,),
5.15(q, 2H,J = 7, CH,CH,), 8.30-9.10 (m, 3H, Cs-, Cs- and Cq-H),
9.67 (s, 1H, C,-H).

Anal. Calced. for C,sH,,NO;: C, 63.36; H, 5.64. Found: C, 63.29;
H, 5.61.

7-Acetyl-1-ethyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic
Acid (13(IL)).

Method A.

Compound 16(IT) (1.5 g, 0.005 mole) was dissolved in 50 ml of a
mixture of 1.V hydrochloric acid/90% acetic acid and refluxed for
3 hours. The solution obtained was cooled and diluted with
water. The precipitated acid was collected and washed with
water, ethanol and diethyl ether, yield 81%, mp 248-251°; ir
(potassium bromide): » max 1720 (C=0), 1695 (C=0), 1610
(C=C); pmr (deuteriotrifluoroacetic acid): 6 1.85 (t, 3H, J = 7,
CH,CH,), 3.02 (d, 3H,J = 5, CH,), 5.10(q, 2H,J = 7, CH,CH,),
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8.60(, 1H,J = 9, C;-H), 8.90 (d, 1H, J = 5, Cs-H), 9.60 (s, 1H,
C.-H).

Anal. Caled. for C,,H,,FNO,: C, 60.65; H, 4.36. Found: C,
60.59; H, 4.38.

Method B.

Compound 15(IT) (8.38 g, 0.024 mole) was added to 50 ml of
concentrated hydrochloric acid and the mixture was refluxed
with stirring for 1.5 hours. After cooling, the mixture was diluted
with water and filtered to give compound 13(II) which was iden-
tical to the material prepared by method A, yield 92%.

Method C.

Compound 13(II) was also prepared from compound 11(II). In
this case, 1.52 g (0.005 mole) of compound 11(II) was hydrolyzed
either in basic medium (as described under 16(II)) or in the
acidic medium (as described under above method A and B) to
give compound 13(II) in 89% and 95% yield, respectively. The
product was purified by recrystallization from N,NV-dimethylform-
amide and was identical to the material prepared by method A
and B.

7-Acetyl-1-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic Acid
(A3().

Compound 13(I) was prepared by similar methods as described
for compound 1XII) in yields of 85%, 96% and 80%, respective-
ly, mp 268-270°; ir (potassium bromide): » max 1720 (C =0), 1690
(C=0), 1615 (C=C); pmr (deuteriotrifluoroacetic acid): & 1.90 (t,
3H,J = 7, CH,CH,), 3.10 (s, 3H, CH,), 5.18 (g, 2H, ] = 7,
CH,CH,), 8.68-9.20 (m, 3H, C;-, Cs- and Ce-H), 9.75 (s, 1H, C,-H).

Anal. Caled. for C,,H,;NO,: C, 64.86; H, 5.05. Found: C, 64.91;
H, 5.01.

7-(Bromoacetyl)-1-ethyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-
carboxylic Acid (14II)).

To a suspension of 12 g (0.043 mole) of quinolone acid 13(II) in
70 ml of glacial acetic acid was added 17.28 g (0.054 mole) of
pyridinium bromide perbromide. The mixture was gently reflux-
ed with stirring for 2 hours. After cooling, the solution was
poured into ice-water and the colourless precipitate was collected
by filtration and washed well with water, ethanol and diethyl
ether to give compound 14II) which was pure enough for
analysis, yield 91%, mp 217-219° dec; ir (potassium bromide): »
max 1725 (C = 0), 1620 (C = C); pmr (deuteriotrifluoroacetic acid):
61.90 (1, 3H,J = 7, CH,CH,), 490 (d, 2H, J = 1, BrCH,C), 5.15
(g, 2H,J = 7, CH,CH,), 8.65 (d, 1H, J = 9, C;-H), 890 (d, 1H, J
= 5, Cs-H), 9.70 (s, 1H, C,-H).

Anal. Caled. for C,,H,,BrFNO,: C, 47.21; H, 3.11. Found: C,
47.14; H, 3.10.

Bromoacetylquinolone 14(II) was also directly prepared by
bromination of quinolone ester 11(IT). Thus, 3.05 g (0.01 mole) of
ester 11(IT) was dissolved in 50 ml glacial acetic acid. To this
solution was added at room temperature 4.0 g (0.0125 mole) of
pyridinium bromide perbromide. The reaction mixture was
refluxed for 2 hours. The same work up as described under
method A gave colourless crystalline compound 14(IT) which was
identical to the material prepared by method A, yield 94%.

7-(Bromoacetyl)-1-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylic
Acid (141)).

Quinolone acid 14(I) was prepared respectively from com-
pound 13(I) and 11(I) in a similar way as compound 14II), yield
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95% (from acid) and 89% (from ester), mp 199-201° dec; ir
(potassium bromide): » max 1720 (C=0), 1615 (C=C); pmr
(deuteriotrifluoroacetic acid): 6 1.95 (t, 3H, J = 7, CH,CH,), 4.88
(s, 2H, BrCH,C), 5.25 (q, 2H, J = 7, CH,CH,), 8.90 (dd, 1H, J =
8, Cs-H),9.20(d, 1H,J = 3, Ce-H), 9.30(d, 1H,J = 10, Cs-H), 9.85
(s, 1H, C,-H).

Anal. Caled. for C, H,,BrNO,: C, 49.73; H, 3.57. Found: C,
49.80; H, 3.58.

General Procedure for the Preparation of 7-2-Substituted-4-
thiazolyl)quinolone Acids 3.

Bromoacetylquinolone 14(II) or 14T) (1.5 mmoles) was dissolv-
ed in N,N-dimethylformamide. To this solution was added 1.7
mmoles of the corresponding thioamide or thiourea. The mixture
was heated at about 100° with stirring overnight. After cooling,
the mixture was poured into water and the precipitate was col-
lected by filtration, washed with water, ethanol and diethyl ether
to give quinolone acids 3 which were purified by recrystallization
from the appropriate solvent; see Table 1 for product data.

Diethyl 3-Acetyl-4-fluoroanilinomethylenemalonate (7(IT)).

Compound 5(II) (6.12 g, 0.04 mole) and EMME (8.64 g, 0.04
mole) in anhydrous ethanol was refluxed with stirring for 3 hours.
After evaporating to dryness, the oily residue was crystallized by
adding cold diethyl ether. The white crystalline compound was
collected by filtration and dried to afford 7(II), yield 83%, mp
68-69° (lit [6] mp 70-72°); ir (potassium bromide): » max 1690
(C=0), 1605 (C=C); pmr (deuteriochloroform). 6 1.35 and 1.40
(each t, 3H, J = 7, CH,CH,), 2.70 (d, 3H, J] = 5, COCH;,), 4.28
and 4.40 (each q, 2H, J = 7, CH,CH,), 7.22-7.80 (m, 3H, aromatic
H), 8.55(d, 1H,J = 13, NH-CH=C), 11.15 (br d, 1H, J = 13, NH-
CH=C).

Diethy! 3-Acetylanilinomethylenemalonate (7(I)).

Compound 7(I) was prepared fro 5(I) in a similar way as com-
pound 7(II), yield 75%, mp 83-84° (lit [12] mp 85-86°); ir
(potassium bromide): » max 1700 (C=0), 1660 (C=0), 1610
(C=C); pmr (deuteriochloroform): § 1.30 and 1.50 (each t, 3H, J
= 1, CH,CH,), 2.65 (s, 3H, COCH,), 4.20 and 4.50 (each q, 2H, J
= 7, CH,CH,), 7.50-7.80 (m, 4H, aromatic H), 8.68 (d, 1H,J = 13,
NH-CH=C), 11.20 (br d, 1H, J = 13, NH-CH=C).

Ethyl 7-Acetyl-6-fluoro-4-hydroxyquinoline-3-carboxylate (%(IT)).

Compound 7(IT) (21 g, 0.065 mole) was added portionwise to
500 ml of preheated diphenyl ether at 250° with stirring. After
addition, the stirring was continued for 0.5 hour. After cooling to
room temperature, the white precipitate was collected by filtra-
tion and washed with hexane to give %II), yield 61%, mp
> 300°; ir (potassium bromide): » max 1710 (C=0), 1610 (C=C});
pmr (deuteriotrifluoroacetic acid): 6 1.60 (t, 3H, J = 7, CH,CH;),
2.98(d, 3H,J = 4, COCH,), 4.80(q, 2H,J = 7, CH,CH,), 8.55 (d,
1H,J = 10, Cs-H), 8.90 (d, 1H, J = 5, Cg-H), 9.55 (s, 1 H, C,-H).

Ethyl 7-Acetyl-4-hydroxyquinoline-3-carboxylate (%(I)).

Compound %I) was prepared from compound 7(I) in a similar
way as compound ¥II), yield 58%, mp >300° (lit [12] mp
302-303°); ir (potassium bromide): » max 1700 (C=0), 1610
(C=C); pmr (deuteriotrifluoroacetic acid): 6 1.60 (1, 3H,J = 7,
CH,CH,), 2.85 (s, 3H, COCH;), 4.80 (g, 2H, ] = 7, CH,CH,),
8.00-8.80 (m, 3H, Cs, Cs- and Cs-H), 9.55 (s, 1H, C,-H).

Ethyl 7-Acetyl-1-ethyl-6-fluoro-1,4-dihydro-4-oxoquinoline-3-
carboxylate (11(IT)).




682 M. Q. Zhang, L. Levshin, A. Haemers, D. Vanden Berghe, S. R. Pattyn, W. Bollaert

Compound ¥II) (5.54 g, 0.02 mole), ethyl iodide (6.24 g, 0.04
mole), potassium carbonate (5.52 g, 0.04 mole) and 100 ml of dry
N,N-dimethylformamide were mixed and heated with stirring at
80° overnight. After evaporation of the solvent, the residue was
taken up in chloroform, washed with water, dried over sodium
sulfate and the chloroform distilled off in vacuo. The resulting
solid was recrystallized from methanol to afford a white
crystalline product 11(II), yield 37%, mp 191-194° (lit {6] mp
120-121°); ir (potassium bromide): » max 1730 (C=0), 1710
(C=0), 1625 (C=C); pmr (deuteriotrifluoroacetic acid): § 1.55
and 1.80 (each t, 3H, J = 7, CH,CH,), 2.95 (s, 3H, COCH,), 4.80
and 5.05 (each q, 2H, J = 7, CH,CH,), 8.20 (d, 1H,J = 8, Cs-H),
8.40 (d, 1H, J = 4, Cg-H), 9.50 (s, 1H, C,-H).

Ethyl 7-Acetyl-1-ethyl-1,4-dihydro-4-oxoquinoline-3-carboxylate
(1K)

Compound 11(I) was prepared in the following ways:

(1). From compound %) as described under 11(II), the yield
was 32%, mp 176-178° (lit [6] mp 184-187°); ir (potassium
bromide): » max 1700 (C=0), 1615 (C=C); pmr (deuteriotri-
fluoroacetic acid): 4 1.60 and 1.90 (each t, 3H, J = 7, CH,CH,),
3.10 (s, 3H, COCH,), 4.82 and 5.20 (each q, 2H, J = 7, CH,CH,),
8.65 (dd, 1H, J = 7, Cs-H), 8.85 (s, 1H, Cs-H), 9.22(d, 1H,J = 9,
Cs-H), 9.75 (s, 1H, C;-H).

(2). Compound 18(I) (3.0 g, 9.0 mmoles) was added to 10 g of
polyphosphoric acid. The mixture was heated in an oil-bath at
130° for 30 minutes. After cooling, the reaction mixture was
poured into ice-water and neutralized with sodium hydroxide
solution. The precipitate was collected by filtration and washed
with water to yield slightly brown crystalline 11(I) which was
purified by recrystallization from ethanol, yield 72%. The pro-
duct was identical to the material prepared by method (1).

3'-Ethylamino-acetophenone (17(I)).
Method A.

3'-Aminoacetophenone (6.75 g, 0.05 mole) was powdered and
mixed wth 7.8 g (0.05 mole) of ethyl iodide. The bottle was sealed
and heated at 50° for 24 hours. The dark mixture was then
treated with 40 ml of 10% aqueous sodium hydroxide solution
and extracted with chloroform. After removal of the solvent, the
residue was put on a silica gel column and eluated with diethyl
ether/hexane 1:1 giving compound 17(I) as a slightly brown oil,
yield 33%; ir (potassium bromide): » max 3300 (NH), 1690
(C=0); pmr (deuteriochloroform): 4 1.28 (1, 3H,J = 7, CH,CH.),
2.55 (s, 3H, COCH,), 3.30 (g, 2H,J = 7, CH,CH,), 3.75 (br s, 1H,
NH), 6.95 (m, 1H, C,-H), 7.35 (d, 3H, J] = 5, other aromatic H).

Anal. Caled. for C;0H,;,NO: C, 73.59; H, 8.02. Found: C, 73.66;
H, 8.00.

Method B.

Compound &) (2.75 g, 0.01 mole), ethyl iodide (3.12 g, 0.02
mole), potassium carbonate (2.76 g, 0.02 mole) in 50 ml of dry
acetone was refluxed with stirring overnight. After removing the
solvent, the residue was treated with water and extracted with
chloroform. The chloroform extracts were then evaporated to
dryness giving 2-[3-(N-ethyltrifluoroacetylamino]phenyl-2-
methyl-1,3-dioxolane as a slightly brown oil. This oil was dissolv-
ed in 20 ml of ethanol and 20 mi of 20% hydrochloric acid. The
reaction mixture was refluxed for 2 hours. After cooling, the solu-
tion was neutralized with 20% aqueous sodium hydroxide solu-
tion and extracted with chloroform. The chloroform extracts,
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after drying with sodium carbonate, were evaporated to dryness
giving compound 17(I) which was used without further purifica-
tion, yield 100%. The structural characteristics of this product
were identical to the material prepared by method A.

Diethyl N-Ethyl-3-acetyl-anilinomethylenemalonate (18(I)).

Compound 17%(I) (2 g, 0.012 mole), EMME (2.66 g, 0.012 mole)
and 10 ml of anhydrous ethanol were mixed and refluxed over-
night. After removing the ethanol, the oily residue was put on a
silica gel column and eluated with diethyl ether/hexane 2:1. Com-
pound 18(I) was obtained as a slightly yellow thick oil, yield 56 %;
ir (potassium bromide): » max 1720 (C=0), 1690 (C=0); pmr
(deuteriochloroform): 6 1.25 (m, 9H, CH,CH,), 2.62 (s, 3H,
COCH,), 3.80 and 3.88 (each q, 2H, J] = 7, OCH,CH,), 4.30 (q,
2H,J = 7, NCH,CH,;), 7.50-7.90 (m, SH, N-CH =C and aromatic
H).

Anal. Caled. for C,4H,,NO;: C, 64.85; H, 6.95. Found: C, 64.78;
H, 6.92.

3'-Formylaminoacetophenone (1%(I)).

To 8.6 ml of 99% formic acid was added 20.4 ml of acetic
anhydride, the mixture was stirred at 50-60° for 2 hours. After
cooling to room temperature, 13.5 g, (0.01 mole) of 5(I) was added
portionwise below 39°. Stirring was continued at room
temperature for 48 hours. After evaporation, the residue was
crystallized by adding diethyl ether and the white crystalline pro-
duct was collected by filtration and dried to give 1%(I), yield 90%,
mp 93-94°; ir (potassium bromide): » max 3260 (NH), 1700
(C=0), 1680 (C=0), 1600 (C=C); pmr (deuteriochloroform): é
2.64 (s, 3H, COCHs), 7.45-8.20 (m, 4H, aromatic H), 8.50 (s, 1H,
CHO), 8.85 (s, 1H, NHCO).

3'-Amino-2-bromoacetophenone Hydrobromide (20(I)).

To a solution of 16.3 g (0.1 mole) of compound 1%I) in 100 ml
alcoholfree chloroform was added slowly 16.0 g (0.1 mole) of
bromine in 50 ml of alcohol-free chloroform. The mixture was
refluxed for 30 minutes. After cooling, the slightly orange
precipitate was collected by filtration and recrystallized from
ethyl acetate to give the white crystalline 20(I), yield 80%, mp
102-104°; ir (potassium bromide): » max 3060 (NH), 1690 (C = 0);
pmr (hexadeuteriodimethyl sulfoxide): 6 4.95 (s, 2H, BrCH,C),
7.80-8.10 (m, 4H, aromatic H).

General Procedure for the preparation of 2-Substituted-4-3-
amino)phenylthiazoles 21(I)a-21d, 21h and 21i.

2-Bromoacetophenone 2((I) was reacted with equivalents of
the thioamides or thiourea in ethanol at 50° with stirring for 2
hours. After removing the solvent, the residue was dissolved in
water and treated with 30% aqueous sodium hydroxide solution
to alkaline. The product was obtained by filtration or extraction
with chloroform; see Table 2 for product data.

1-Ethyl-1,4-dihydro-4-ox0-7-(2-phenyl-4-thiazolyl)quinoline-3-car-
boxylic Acid (3(I)i). General Procedure for the Synthetic Scheme
2.

Compound 21(1}i (2.52 g, 0.01 mole) and EMME (2.16 g, 0.01
mole) was heated at 110° on an oil-bath with stirring for 1 hour.
After cooling, the solid was washed with methanol and dried in
vacuo. This malonate was then added to 20 ml of preheated
diphenyl ether at 250°. Stirring was continued at this
temperature for 30 minutes. After cooling, the mixture was
diluted with 100 ml of petroleum ether, filtered and washed with
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petroleum ether to give the quinoline compound. After drying,
the compound (2 g, 5.4 mmoles) was added together with 0.24 g (6
mmoles) 60% sodium hydride to 50 ml of dry N,N-dimethylform-
amide. The mixture was heated with stirring to about 80° and
2.12 g (13.6 mmoles) of ethyl iodide was added. Stirring was con-
tinued at this temperature for 4 hours. After evaporating to
dryness, the residue was taken up in chloroform to remove in-
organic salts. After evaporating chloroform, the residue was
washed with diethyl ether to give a colourless solid product. This

solid product was then dissolved in a mixture of concentrated
hydrochloric acid and acetic acid (50/50). The obtained solution
was refluxed for 3 hours. After cooling, the mixture was diluted
with water and the precipitate was collected by filtration, washed
with water, ethanol and diethyl ether to give 3(Di, total yield
58%; see Table 1 for product data.

Compounds 3(I)a-3(I)d and 3Dh were prepared from
21(Da-21(I)d and 21(I)h in the same way as described for com-
pound 3(I)i.

General Procedure for the Preparation of 3-Methyl-4-(4-0xo-
quinolinyljthiazolium Iodides 22(I)a-22(T)e, 22(IT)a-22(ID)b.

A solution of 3 mmoles of thiazolylquinolone 3 and 15 mmoles
of methyl iodide in 20 ml of dry N,N-dimethylformamide was ad-
ded to a reaction tube. The sealed tube was heated at 130° for 5
hours. After cooling to room temperature, the precipitate was col-
lected by filtration, washed with dry diethyl ether and dried at
50°. The products were purified by recrystallization from N,N-di-
methylformamide; see Table 3 for product data.

General Procedure for the Preparation of 7-{4-Thiazolidinyl)-
quinolone Acids 4I)a-4(I)b and 4II)a-4IDb.

To a solution of 2 mmoles of thiazolium iodide 22 in 50 ml of
water was added portionwise 6 mmoles of sodium borohydride at
5-10°. After addition, the reaction mixture was stirred at room
temperature for 4 hours. The mixture was then carefully adjusted
to pH 4 with 10% hydrochloric acid and extracted with
chloroform. After drying over sodium sulfate, the combined
chloroform extracts were evaporated to dryness. Quinolone acid
4 was filtered out with diethyl ether as a slightly yellow crystalline
powder which was further purified by recrystallization from
ethanol; see Table 4 and 5 for product data.

Microbiology.

Compounds 13, 16, 3 and 4 were tested in vitro for their anti-
bacterial activity against a series of Gram-negative strains
(Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris,
Enterobacter agglomerans, Salmonella group B and
Pseudomonas aeruginosa) and Gram-positive strains (Bacillus
cereus, Streptococcus pyogenes, Staphylococcus aureus, and
Mycobacterium fortuitum). In witro bacterial susceptibility
(minimum inhibitory concentration) was determined with the
agar dilution method on T.S.A. agar. For mycobacteria Mid-
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dlebrook 7TH9 agar supplemented with 10% oleic acid, albumin,
dextrose solution was used; the results are summarized in Table
6.

From this table we can conclude that low activity of the
4-thiazolylquinolones against Gram-negative organisms in com-
parison with the activity against Gram-positive ones is the most
interesting observation. Only the fluorinated amino compound
3(ITe shows some activity against Gram-negative bacteria. The
most interesting compounds against Gram-positive bacteria are
the phenyl- and pyridyl-substituted thiazolylquinolones 3(I)h,
3(Di and HIDi. These activities were confirmed by testing the
latter compounds against a series of ten clinical isolates of S.
aureus, S. aureus (methicillin resistant) and Mycobacterium
tuberculosis. Compound 3(II)i appears the most interesting com-
pound: being inactive against Gram-negative bacteria, this
quinolone shows MIC values of 0.5 pg/ml against each S. aureus
and M. tuberculosis strain tested. The activities against these
organisms are comparable with these of lead compounds as
ciprofloxacin and ofloxacin. This separation between Gram-
positive and Gram-negative activities have rarely been reported
in the quinolone literature.

The thiazolidinylquinolones were less active than their
thiazolyl parent compounds.
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