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Synthesis and Antimicrobial Activity of 7-[3-Hydroxy-(4-methylthio or
4-methylthiomethyl)pyrrolidinyl Jquinoline-3-carboxylic Acids
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Abstract—A number of 7-[3-hydroxy-(4-methylthio or 3-methylthiomethyl)pyrrolidinylJquinoline-
3-carboxylic acids were synthesized by condensation of 7-fluoro substituted quinoline-3-carboxylic
acid with 3-hydroxy-4-methylthiopyrrolidine or 3-hydroxy-4-methylthiomethylpyrrolidine. The in
vitro antimicrobial activity of them were tested against twenty species of Gram-positive or Gram-
negative microorganisms. It showed remarkable antibacterial activity, particularly against Gram-
positive microorganisms, Among those 1-cyclopropyl-5-amino-6,8-difluoro 7-(3-hydroxy-4-methylthio
methylpyrrolidinyl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid(12d) and 1-cyclopropyl-6-fluoro-8-
methoxy-7-(3-hydroxy-4-methylthiomethylpyrrolinyl)-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid(1
2g) showed the most potent in vitro antibacterial activity, and 12d showed better antibacterial activity
against MRSA compared to ciprofloxacin and sparfloxacin.

Keywords [] 3-hydroxy-4-methylthiopyrrolidine, 3-hydroxy-4-methylthiomethylpyrrolidine, quino

lone antibacterial, antibacterial activity, MRSA.
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< AR&3ldc}. Thin layer chromatography(TLC)=
Kieselgel 60F 5,2 A3 Column chromatogra-
phyell AH-€ silica gel& 230~400 mesh §JA}=27]
o]t} §3-2 Gallenkamp melting point apparatus &
o] g3t S5 L2 EAL 31X ekl NMR
< Bruker FT-803& AM-3lgl T Tetramethylsi-
lane(TMS)E W% EFEAZ A43igich
N-tert-Butoxycarbonyl-3,4-epoxypyrrolidine(3)2]
B — 2 20 mLol NaOH 0.64 g(16 mmole)-S =91
g9 3-pyrroline(1) 1 g(14.5 mmole)& 7}3t3 0T
2 Q74%). Ditert-butyl dicarbonate 3.5 g(16
mmole)-2 dioxane 20 mLel =4 8-94& A5 F,
Abol 4 1547k suk3tE 30% NaOH -¢) 2 2 pH
112 =4} ool 2 80 mLe& 73k 715
23l MgSO. 2 ZA =32, A-sS3shd A=A
ko 2 N-fert-butoxycarbonyl-3-pyrroline(2)-& 9=
o} 3E(2)S HF2 20" 20 mL & 718k 0CR
73}, 3-Chloroperbenzoic acid(70~75%) 4.1g
(23.8 mmole)& tJZ2 2% 20 mLo)| 9] 9
AW F, A2o)A 2047 maikRich FAAES o
sla o Z2 2vel 60 mL-& 713} F 23} NaHCO;
fHo 2 Aty MgSO.E Axslgich 498 7t
$533 ¥ faEoleaI(dYdd 2 n-3 4t
=1: 1DE o] 43l 54 {49 B4E 223g( &
83%)& 2sich
'H-NMR(CDClLs): 8 1.44(9H, s), 3.22~3.90(6H, m),
N-tert-Butoxycarbonyl-3-hydroxy-4-methylthiopy-
rrolidine(4)2} 4 — N-tert-Butoxycarbonyl-3,4-
epoxypyrrolidine(3) 2.1 g(11.34 mmole)®} sodium
thiomethoxide 0.95 g(13.6 mmole)-g tlwjd ¥ o}
vl = 20 mLol| %<1 ¥ Aol A 104]17F wubsisicy.
%7 50 mLE 71313 o dojAldo]| e 2 53 F
71538 MgSO.E ZAxsta Zks3ste] dxs}
48 SHE 242 g(FE8=93%)& dHct
'H-NMR (CDCL): 6 146(9H, s), 2.17(3H, s), 2.7
4(1H, s), 2.96~3.40(3H, m), 3.63~3.96(2H, m), 4.
14~4.31(1H, m).
3-Hydroxy-4-methylthiopyrrolidine - TFAY(5)2]
B4 — N-tert-Butoxycarbonyl-3-hydroxy-4-methyl-
thiopyrrolidine(4) 0.5 g(2.18 mmole)el| anisole 0.2
mLE 713} trifluoroacetic acid 4 mL-E 0C o)l 4]
A7IRE F AFollA 2417 F9F wuk’be) - AS

oy

ZHFsE3 £, n-F4H5 mLX4) 22 RoE o& %
HEEate] 2 fAel BAE 05 g5 E=U%)S
At

'H-NMR(CDCl,/D,0): 6 2.19(3H, s), 3.0~4.01(5H,
m), 4.16~4.42(1H, m).

N-tert-Butoxycarbonyl-3-hydroxy-4-hydroxyme-
thylpyrrolidine(7)2] &+ — N-Benzyl-3-hydroxy-4-
hydroxymethylpyrrolidine(6) 6.6 g(0.03 mmole)<
w)&r-& 50 mLol) 5% ¥, 5% Pd/C 04 g& H7)3tx
G478kl A Ad2dll A 15417 k) #7158
o 3}3te] 7IH5EA1R AbAlel] S5 10 mLe 713
% IN NaOH 44 20 mL& 7}8la 0CE YzHA]
Z1c}. Di-tert-butyldicarbonate 8.28 g(0.038 mole)S-
dioxane 25 mLojl %<1 §94& 713 ¥, A-LelA
15A)7F @nbstar oA H o] 2 2 F-Z-3ch MgSO,
2 Azsa AsEdE ¥ 3 2eeas (el
olMlHlo| E)E o] &3le] T4 F4ke) B ES 45¢g
(F&=723%)¢ JAch

'H-NMR(CDCI:/D:0): & 1.45(9H, s), 2.24~2.40(1
H, m), 3.07~3.87(6H, m), 4.12~447(1H, m).

N-tert-Butoxycarbonyl-3-hydroxy-4-methansuifo-
nyloxymethylpyrrolidine(8)2|  $i4d — N-lert-Butoxy-
carbonyl-3-hydroxy-4-hydroxymethylpyrrolidine(7)
448 g(0.02 mole)-& t]ZF 2 &gt 25 mLell Hql F-
Eg]dde}nl 3.07 mL(0.02 mole)& 713l 0CR
W ztglc}. Methanesulfonyl chloride 1.71 mL(0.02
mole)S TS Z 208}k 15 mLo) el 498 =78}
3L 0cell A 1547 Iwighe). 255 25 mL& 73k
djdolAblo|ER F&3te] MgSO.2 Ax3 7
& ¥ BaZeieaes(dotAEH o E: n-
Fu=1: 1% ol83] Ax §AS) FHES 4.
1g(5-8=67%)¢ At

'H-NMR(CDCL/D,0): & 146(9H, s), 3.0(3H, s),
2.26~249(1H, m), 3.08~340(6H, m), 4.14—4.48
(1H, m).

N-tert-Butoxycarbonyl-3-hydroxy-4-methylthio-
methylpyrrolidine(9)2] £ — N-lert-Butoxycarbo-
nyl-3-hydroxy-4-methansulfonyloxymethylpyrroli
dine(8) 4g(0.013 mole)d AT]LE| L Exjo]x
1.15 g(0.016 mole)dl| TiwWl& £ Zolv]= 25 mLE 7}
3 F AL 1047 itk 254 20mL&
Fpsla oldetAlblo| ER &3 ¥ MgSO.2 7=
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Table I—Synthesis of Quinolone and Naphthyridine Carboxylic Acids (12)

No

n

R

X

Z

Yield(%)

mp(C)

'H NMR 8(ppm)

12a

12b

12¢

12d

12¢

12f

12g

0

C-C3H5

C'C3H5

C-C3H5

C-C3H5

C-C3H5

24-F,Ph

C-CH; COMe

CF

CF

CF

CF

N

H

NH,

H

NH,

H

70

65

68

75

78

58

218~219(dec.)

230(dec.)

203~207

198(dec.)

218~219(dec.)

199~200(dec.)

220~222(dec.)

DMSO0-d¢/D,0: 0.82~1.4(4H, m), 2.153H, s),
3.39~4.27(6H, m), 5.43(1H, m), 7.70(1H, dd,
J=13.76 Hz, 1.78 Hz), 8.62(1H, s).
DMSO-ds/D;0: 0.8~1.4(4H, m), 2.18(3H, s),
3.34~4.34(6H, m), 546(1H, m), 846(1H, s).
DMSO0-ds/D,0: 1.01~1.30(4H, m), 2.13(3H,
s), 2.20~2.84(3H, m), 3.02~4.02(5H, m), 5.33
(1H, m), 7.71(1H, dd, J=14.02 Hz, 1.80 Hz),
8.62(1H, s).

DMSO0-dg/D;0: 0.9~1.39(4H, m), 2.15(3H, s),
2.23~291(3H, m), 3.2~4.4(5H, m), 5.25(1H,
m), 846(1H, s).

DMSO-d¢/D,0: 0.9~1.4(4H, m), 2.11(3H, s),
22~3.0(3H, m), 3.2~4.4(5H, m), 5.32(1H,
m), 7.93(1H, d, J=12.77 Hz), 8.55(1H, s).
DMSO-dy/D,0: 2.093H, s), 2.28~2.59(3H,
m), 3.2~4.4(4H, m), 5.24(1H, m), 7.2~7.95
(3H, m), 8.04(1H, d, ]=12.64 Hz), 8.76(1H, s).
DMSO-dg/D,0: 0.8~1.32(4H, m), 2.1(3H, s),
2.3~2.7(3H, m), 3.48(3H, s), 3.3~4.45(5H,
m), 5.22(1H, m), 7.64(1H, d, J=14.09 Hz),
8.63(1H, s).

Table I1—Antibacterial Activity of Néw Quinolones and Naphthyridine Carboxylic ‘Acids(‘MIC; ué;nll)

) Compounds

No. Strains —
12a 12b 12¢ 12d 12e 12f 12g CPFX*
1 S. Pyogenes A 308 3125 3.125 3125 0.391 3.125 3.125 0.049 1.563
2 S. Pyogenes A 77 3.125 0.781 1.563 0.391 1.563 0.391 0.049 0.391
3 S. faecium MD 86 125, 625 1.563 0.391 1.563 0.781 0.049 0.391
4 S aureus SG 511 0.391 0.391 0.098 0.004 0.098 0.098 0.013 0.195
5 S. aureus 285 0.781 0.391 0.098 0.013 0.098 0.025 0.013 0.781
6 S. aureus 503 0.391 0.195 0.049 0.004 0.098 0.098 0.007 0.391
7 E.coli 055 0.195 0.391 0.391 0.049 0.195 0.781 0.098 0.007
8 E.coiDCO 125 125 125 6.25 125 100 6.25 0.195
9 E. coli DC 2 25 3125 1.563 0.391 0.781 125 0.195 0.049
10 E. coli TEM 1.563 0.781 0.781 0.098 0.195 0.781 0.391 0.013
11 E. coli 1507 E 1.563 0.391 1.563 0.195 0.781 3125 0.391 0.013
12 P. aeruginosa 9027 25 100 125 6.25 125 >100 12.5 0.391
13 P. aeruginosa 1592 E 12,5 12.5 125 6.25 25 >100 125 0.195
14  P. aeruginosa 1771 125 6.25 125 6.25 125 >100 125 0.391
15 P.aeruginosa 1771 M 0.391 0.391 1.563 0.195 0.781 6.25 6.25 0.195
16  S. typhimurium 1.563 0.391 1563 0.195 0.781 3.125 0.391 0.013
17 K. oxytoca 1082 E 6.25 0.781 0.391 0.049 0.098 0.781 0.025 0.004
18 K aerogenes 1552 E 1563 0.781 0.781 0.391 1563 625 1563 0.025
19 E. cloacae P 99 0.391 0.781 0.781 0.195 0.391 3.125 0.391 0.013
20 E. cloacae 1321 E 0.195 0.781 0.391 0.391 0.391 3125 0.098 0.007

CPEX*=Ciprofloxacin
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Table IIT— Antibacterial Activity of New Quinolone against MRSAMIC; ug/mi)

No. Strains Compounds
12d SPFX* CPFX*
1 Stphylococcus aureus 88E 0.025 0.098 0.781
2 Staphylococcus aureus 121E 0.025 0.049 0.781
3 Staphylococcus aureus 208E 0.013 0.049 0.391
4 Staphylococcus aureus 256E 0.013 0.049 0.391
5 Staphylococcus aureus 690E 0.013 0.049 0.391
6 Staphylococcus aureus 692E 0.007 0.098 0.781
7 Staphylococcus aureus 693E 0.013 0.049 0.391
8 Staphylococcus aureus 694E 0.049 0.049 0.391
9 Staphylococcus aureus 695E 0.013 0.098 0.391
10 Staphylococcus aureus 697E 0.013 0.049 0.781
11 Staphylococcus aureus 701E 0.025 0.049 0.391
12 Staphylococcus aureus 703E 0.025 0.040 0.391
13 Staphylococcus aureus 705E 0.013 0.098 0.391
14 Staphylococcus aureus 706E 0.013 0.098 0.391
15 Staphylococcus aureus 707E 0.025 0.049 0.391
16 Staphylococcus aureus 708E 0.004 0.025 0.391
17 Staphylococcus aureus 711E 0.013 0.025 0.391
18 Staphylococcus aureus 714E 0.004 0.098 0.391
19 Staphylococcus aureus 725E 0.007 0.049 0.391

*SPFX = Sparfloxacin, CPFX= Cirprofloxacin
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