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Synthesis and Antimicrobial Activity of 7-[(3-Methylthio or 3-
Methylthiomethyl)-3-pyrrolinyl Jquinolone-3-carboxylic Acids
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Abstract—A number of 7-[(3-methylthio or methylthiomethyl)-3-pyrrolinyl]quinolone-3-carboxylic
acids were synthesized by condensation of 7-fluoro substituted quinolone-3-carboxylic acid with
3-methylthio-3-pyrroline or 3-methylthiomethyl-3-pyrroline. The in wvitro antimicrobial activity of
them were tested against twénty species of Gram-positive or Gram-negative microorganisms. It
showed remarkable antibacterial activity, particularly against Gram-positive microoganisms. Among
those 1-cyclopropyl-6,8-difluoro-7-[(3-methylthiomethyl)-3-pyrrolinyl]-1,4-dihydro-4-0x0-3-quinoli-
necarboxylic acid(12a) and 1-cyclopropyl-6-fluoro-8-chloro-7-[ (3-methylthiomethyl)-3-pyrrolinyl]-1,
4-dihydro-4-oxo-3-quinolinecarboxylic acid(12b) showed the most potent iz wvitro antibacterial ac-

tivity.

Keywords [] 3-methylthiomethyl-3-pyrroline, 3-methylthio-3-pyrroline, quinolone antibacterial, an-

tibacterial activity.
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NMR-& Bruker FT-803& A}&-3}¢13r Tetrame-
thylsilane(TMS)E W3 & 222 A1-23)gc)
N-tert-Butoxycarbonyl-3-[ (methanesulfonyl)oxy-
methyl]-3-pyrroline(2)2] & — N-tert-Butoxycar-
bonyl-3-hydroxymethyl-3-pyrroline”(1) 5.1 g(27
mmol)& TIFE2 &l 100 mLe] FUF =Y
o}l 4.7 mL(34 mmolDE- 7}8tx —5C~—-10CE Y
7t 3o Mgl Ed F2ao]= 2.6 mL(34 mmol)
£ Tz 100mLe el g 103 S
A7H F, Aol 10413 mskn $F5 150
mLE 713t} §7]3&8 He)sle] 10% NaHCO; &
Ho2 A3t MgSO.2 72zach &4 2t
5% F B AzvtEgzI(teddH e k=
1:DE o83l 32 {3 BHE 614858
=85%)& 2Kt
"H-NMR(CDClL,): & 1.47(9H, s), 3.09(3H, s), 4.14
(4H, s), 4.30(2H, s), 5.82 (1H,
s).
N-tert-Butoxycarbonyl-3-methylthiomethyl-3-pyr-
roline(3)2] &4 — N-tert-Butoxycarbonyl-3-[ (me-
thanesulfonyl)oxymethyl]-3-pyrroline(2) 2.0 g(7.2
mmol)®} NaSMe 0.76 g(11 mmol)-& ¥4 DMF 50
mLe| 5<¢1% 80Tl A 427k wntst Aoz
Z}atdet. S5 50 mLE 713l t]elld ol el 2(50
mLX2)% 2391, §715& MgS0,.2 71x3te
A45E ek # AzejeaeydgeHe
DHA=1DE ol gk B2 fue) 2AE
150 g5 &=91%)2 gt}
'H-NMR(CDCL,): & 1.47(9H, s), 2.03(3H, s), 3.16
(2H, s), 4.13(4H, s), 5.59(1H, s).
3-Methylthiomethyl-3-pyrroline HIZ4)2| #d
— N-tert-Butoxycarbonyl-3-methylthiomethyl-3-py-
rroline(3) 1.50 g(6.6 mmol)2 S EZZ X2 20 mLd|
EdF 0CE YA AaslelA] ExudAdd
8.2 1.6 mL(11 mmol)& A 7}5}ar, Ahg-oll 4] 241 7}F
aabstgich vlere 10 mLE 718k w88 3iqt
53t BEAEQ] 222419 1.50 g(78 89%)%
2 AA o2 Aot
'H-NMR(CDClL,): & 2.05(3H, s), 3.24(2H, s), 4.27
(2H, s), 5.66 (1H, s).
N-tert-Butoxycarbonyl-4-hydroxy-3-(methylsulfi-
nyl)pyrrolidine(6)2] #4 —N-tert-Butoxycarbonyl-
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4-hydroxy-3-methylthiopyrrolidine(5) 4.0 g(17.2
mmol)& MeOH 50 mLé¢| =<1%, ZF 65 mLol
20}g)i= NalO, 3.74 g& 0T A 27}l 0T
A 3217 ket g ok, qAE SREES
100 mLE F%3}] §7]%5S MgSO.2 71z, 7t
55t FAE 419 g(FF 98%)S Ak
'H-NMR(CDCls): & 1.46(9H, s}, 2.62, 2.70(3H, 2s),
3.14~345(2H, m), 3.60~4.01
(3H, m), 4.08(1H, br), 4.23~4.
60, 4.65~5.00(1H, m).
N-tert-Butoxycarbonyl-4-(methylsulfonyl)oxy-3-
(methylsulfinyl)pyrrolidine(7)2| &4 — 53}-2(6)&
ZWEAZ 3o 3EQ)S] AZPEH FAdT W
Hog A7|sgES 34 IAR 93%9] &2
ek
mp(C): 118~121
'H-NMR(CDCly): & 1.47(9H, s), 2.63, 2.74(3H, 2s),
3.12(3H, s), 3.30~4.14(5H, m),
5.15~5.30, 5.50~5.65(1H, m).
N-tert-Butoxycarbonyl-3-(methylsylfinyl)-3-pyrro-
line(8)2] £HAI— WAl 100 mLo} FollE FHEE(T)
45 g DBU 22 mLE 7}8lal AbelA 16417 &L
watsich 374 100 mLE AReke 7152 2
33, B3g oA FREEFE0mLX2) 2 5
aoick #7]1%¢ MgSO.2 AZ3T ZH9P5 5.
% zBwie (A HolAjEo]E . MeOH=9:1)
£ o)gsie] Beist B TAZ 292 g5E 92%)
o 22 Q9ch
'H-NMR(CDCL): & 1.48(9H, s), 2.72(3H, s), 4.34
(4H, s), 6.42(1H, s).
N-tert-Butoxycarbonyl-3-methylthio-3-pyrroline
9)2l B —3131E(8) 3.0g3 triphenylphosphine
4.08 g 80 mL2} At 3tetarel] H-olohg 2417 B
FFAZh Aoz P2 F LS S
dle] 30 mLAER WHEF AR ZAE AATTH
Rejg Eaotel 3 22ntE2e}w(d| Lo H 2 !
ak=1: DE AHEstd fAbe] B2 243g(5 8
=87%)& It
TH-NMR(CDCL): & 1.47(9H, s), 2.32(3H, s), 4.14
(4H, br s), 5.31(1H, s).
3-Methylthio-3-pyrroline TFARI(10)2] &M -3}t
FE(9) 1 g9 o< 0.1 mLE 7}3H)g, trifluoroa-
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cetic acid 5 mLE 0Col A A7l Ah&olA] 24]7
¢ auiglch whsdE S F, -840
mLX4)22 HiE chf 7heHate] 24 {49
313HE(10) 1.0 g(+§=95%)& 2t

'H-NMR(CDCL): & 2.38(3H, s), 4.13(4H, br s), 5.

29(1H, s), 9.84(2H, br s).
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Table I—Synthesis of Quinolone and Naphthyridine Carboxylic Acids (12)

No R X Z  Yield(%) mp(C) 'H NMR &(ppm)

12a 1 c-C;H; CF H 65 175~178 CDCl;: 1.12~1.21(4H, m), 2.02(3H, s), 3.20(2H, s),
3.81~4.12(1H, m), 4.52~4.93(4H, m), 5.66(1H, s),
7.80(1H, dd, J=14.49 Hz, 1.83 Hz), 8.78(1H, s),
14.72(1H, br).

12b 1 ¢CHs CCl H 62 176~180 CDCl;: 1.08~1.24(4H, m), 2.03(3H, s), 321(2H, s),
3.84~4.18(1H, m), 4.50~5.01(4H, m), 5.68(1H, s),
7.94(1H, d, J=14.89 Hz), 8.67(1H, s), 14.38(1H, br).

12¢ 0 cCH; CF NH, 60 231~232 CDCl;: 1.06~1.23(4H, m), 2.40(3H, s), 3.54(2H, br),
3.86~3.99(1H, m), 544(1H, s), 8.61(1H, s), 14.80(1H,
br)

12d 0 c-C3H; CF H 70 231~234 CDCl,: 1.10~1.30(4H, m), 2.29(3H, s), 3.92~4.10(1H,
m), 466~4.70(1H, m), 544(1H, s), 7.83(1H, dd, J=
14.32 Hz, 1.96 Hz), 14.73(1H, br).

12e 0 c-C;H; N H 75 267~268 CDCl,: 1.05~1.32(4H, m), 2.42(3H, s), 3.56~3.86(1H,
m), 4.66(4H, s), 548(1H, s), 8.06(1H, d, J=12 Hz),
8.71(1H, s), 15.01(1H, br)

=]

126 0 24FPh N H 77 236~240 CDCl;: 2.34(3H, s), 4.34(4H, s), 5.36(1H, s), 6.97~7.47
(3H, m), 8.08(1H, d, J=12 Hz), 14.84(1H, br).
12¢ 0 24FPh CH H 55 246~248 CDCly: 2.36(3H, s), 4.28(4H, d), 5.39(1H, s), 5.74(1H,

d, J=7 Hz), 7.05—7.64(3H, m), 8.02(1H, d, J=14 Hz),
851(1H, s), 14.99(1H, br).

Table 11— Antibacterial Activity of New Quinolones and Naphthyridine Carboxylic Acids(MIC; ug/mi)

No. Strains Compounds
12a 12b 12d 12¢ 12f 12g CPFX*
1 S. Pyogenes A 308 0.781 0.391 0.195 3.125 1563 3.125 1.563
2 S. Pyogenes A 77 0.391 0.391 0.195 3.125 0.781 3.125 - 0.391
3 S faecium MD 86 0.391 0.391 1563 1.563 1.563 1.563 0.391
4 S aureus SG 511 0.002 0.002 0.002 0.049 0.098 0.391 0.195
5 S. aureus 285 0.013 0.002 0.004 0.049 0.098 0.391 0.781
6 S. aureus 503 0.004 0.004 0.004 0.098 0.098 0391 0.391
7 E. coil O 55 0.049 0.049 0.391 0.391 1.563 1.563 0.007
8 E. coil DCO 0.391 0391 6.25 >100 >100 >100 0.195
9 E. coil DC 2 1.563 0.781 1.563 3.125 50 25 0.049
10  E. coil TEM 0.098 0.098 0.098 0.391 1.563 3.125 0.013
11  E. coil 1507 E 0.098 0.049 0.195 0.391 3.125 3.125 0.013
12 P. aeruginosa 9027 1.563 0.781 1.563 >100 >100 > 100 0.195
13 P. aeruginosa 1592 E 3.125 1.563 3.125 >100 >100 >100 0.195
14  P. aeruginosa 1771 1.563 1.563 1.563 >100 >100 >100 0.391
15 P. aeruginosa 1771 M 0.025 0.025 0.098 125 >100 >100 0.195
16  S. typhimurium 0.195 0.195 0.098 0.391 1.563 3.125 0.013
17 K. oxytoca 1082 E 0.195 0.195 0.049 0.195 1.563 1.563 0.004
18 K. aerogenes 1552 E 0.781 0.781 0.195 0.781 6.25 6.25 0.025
19 E. cloacae 99 0.098 0.098 0.391 0.391 6.25 6.25 0.013
20 E. cloacae 1321 E 0.098 0.049 0.781 0.098 3.125 3.125 0.007

CPFX*=Ciprofloxacin
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