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Abstract - A series of N-(1-aziridinyl)quinoline-3-carboxylic acid derivatives (e.g.
11a-f, 20a-g, 21a-d) have been synthesized by insertion reaction of nitrenes (e.g.
ethyl 7-chloro-6-fluoro-1-nitreno-1,4-dihydro-4-oxoquinoline-3-carboxylate (%))
into double bond of different olefins (e.g. styrene (10a), see Schemes 2 and 4). The
nitrenes were formed in situ by oxidation of N-aminoquinolin-4(1H)-one

derivatives (8, 18a,b) using Pb(OAc), as oxidizing agent.

INTRODUCTION

Since the discovery of antibacterial behaviour of nalidixic acid! (1, Figure 1) a huge work was done to
enhance its biological potency by modification of its chemical structure 2 This activity led to the discovery
of the third generation of nalidixic acid (fluoroquinolones} in the early 1980’s (introducing a fluorine atom
in position 6, a substituted amino group in position 7 and changing of N-8 to CH or CF). Since then more
than a dozen representatives of this class have been introduced into the human and veterinary therapy for a
broad variety of clinical indications,> among others amifloxacin? (2) and ciprofloxacin® (3), one of the

clinically most successful agents.
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Recently we published® the short synthesis and the biological evaluation of the aza analogues of
ciprofloxacin, the N-(1-aziridinyl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acids. Now we would like to

report the details of the chemical work leading to these dertvatives.

RESULTS AND DISCUSSION

Two main strategies were applied in the course of the synthesis.

1. According to the general procedure of synthesis of different fluoroquinolones’ (in which substituted
amines were reacted with properly substituted benzoyl acrylic acid derivatives, e.g. 4), the reaction of the
1-amino-trans-2,3-diphenylaziridine® with methyl 2-(2,4-dichloro-5-fluorobenzoyl)-3-methoxyacrylate (4,

Scheme 1) was performed.
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Scheme 1
The reaction gave the mixture of the possible geometric isomers (5, E ; Z = 10 : 1) in 52 % yield. The
attempted ring closure of § under different conditions resulted in a multicomponent mixture, in which the
presence of the desired product (6) could have been proved by TLC. An authentic sample of 6 was

prepared by transesterification of ethyl ester (11b), obtained by a different route (see below).
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Scheme 2
2, It is known? since longer time that nitrenes can be inserted into double bond to form aziridine
derivatives. Deshmukh ef al 10 gave a nice example of the selective aziridination in the course of the

synthesis of 1-(1-aziridinyl)quinazolines. On this basis we found promising the aziridination of the N-
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amino-4-quinolone derivatives. At the same time of our investigations Japanese authors!! patented the
synthesis of 1-(1-aziridinyl)-4-oxoquinoline-3-carboxylates on very similar conception.

Our work started with the N-amination of ethyl 7-chloro-6-flucro-1,4-dihydro-4-oxoquinoline-3-
carboxylate (7, Scheme 2). It was performed under basic condition (using NaH or K,CO3) by O-(p-
toluenesulfonyl)hydroxylamine (TSH)!2 to give the N-amino-4-oxoquinoline (8). The N-amino group of 8
was oxidized by Pb(OAc), in dichloromethane in the presence of different olefins (10a-f) to afford the 1-
(1-aziridinyl) derivatives (11a-f) in moderate to good yield.

The exchange of the Cl substituent in position 7 by N-methylpiperazine was unsuccessful even at 160 °C
both in the case of the N-amino derivative (8) and the N-(1-aziridinyl) derivative (11a), therefore the
hydrolysis of 8 and 11a was performed (Scheme 3), because it was observed in similar reactions (L.
Vasvari-Debreczy, I. Hermecz, and G. Kereszturi, unpublished results) that the halogen substituent in

position 7 of the free 3-acids is more reactive towards amines than that of the ester derivatives.
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The hydrolysis of the ester moiety of 8 or 11a was successful both under basic or acidic condition. While
the hydrolysis of 8 in AcOH gave surprisingly the N-acetyl derivative (12); in the case of 1la, the
hydrolysis of the ester group was followed by the opening of the aziridine ring to afford 15.

Although the Cl substituent of 13 was easily exchanged for N-methylpiperazinyl group at 150 ©C, the
attempted nitrene insertion reaction of the resulted 14 with 10a (and Pb(OAc),) was unsuccessful, very
probably because of the poor solubility of 14 in suitable solvents (e.g. CH,Cl; or CHCl3).

Generally, the fluorine atom is much better leaving group in a nucleophilic reaction than the chlorine
atom.13 That was the reason why the reactions of 6,7-difluoro (17a) and 6,7 8-trifluoro (17b)
derivatives!4 were also studied.

The N-amination of 17a,b (Scheme 4) was performed in DMF using' TSH as reagent (similarly as in the

case of 7) to give 18a,b in good yield. The exchange of the fluorine substituent in position 7 of 18a,b took
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place easily in boiling pyridine with N-methylpiperazine resulting the N-amines (19a,b). These latter
compounds were then reacted by different olefins (10a-¢,g-j) in the presence of Pb(QAc), to give N-(1-
aziridinyl)quinoline-3-carboxylate derivatives (20a-g, 21a-d). The hydrolysis of the ester moiety was
performed in ethanol using aqueous NaOH followed by neutralization with acetic acid then with NH4OH.

Using this procedure, the desired free acids (22a-e, 23a-d) were obtained.
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Finally we did an interesting observation in the course of the study of the nitrene insertion reaction of 19a
{Scheme 5) in ethyl vinyl ether (10k); instead of the 1-(2-ethoxy)aziridinyl derivative (24) the product (25)

(which contained the opened aziridine ring) was only isolated.
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This observation is an illustration of the fact, that the aziridine ring can be opened not only by strong acids
(HCI, see Scheme 3) but in special cases even by acetic acid (during the aziridination reaction). It is in this
way understandable, that in certain cases the desired aziridine derivative can be isolated under 50 % yield

or - as the example in Scheme 5 shows - its isolation entirely fails.
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The structures of the reaction products were elucidated based on elementary analysis data, IR and 'II
NMR spectra. The NMR data are summarised in Tables 2 and 3. In compounds {21a-d) an unusual further
splitting of the H-2” and H-3" (cis to each other) signals of the aziridine ring was observed compared to the
multiplicity of the same peaks of compounds (20a-d). This is thought to be due to a through-space
coupling with 8-F. Detailed analysis of this phenomenon and the conformation of the compounds will be

published separately (B. Podanyi et ai., to be published).

EXPERIMENTAL

Melting points were determined by a Biichi apparatus. IR spectra were recorded on Specord IR-75
equipment and !H-NMR spectra: 100 MHz on Varian XL-100; 400 MHz on Varian VXR-400, Bruker
AC-400 and Bruker DRX-400 instruments at ambient temperature using TMS as internal standard. “C
NMR spectra were recorded on a Bruker DRX-400 instrument, The yields of the reactions were not

optimized.

Methyl 2-(2,4-dichloro-5-fluorobenzoyl)-3-methoxyacrylate (4)

Methyl orthoformate (1.59 g, 15 mmol} was added dropwise to a stirred suspension of methyl 2-(2,4-
dichloro-5-fluorobenzoyl)acetate! (2.65 g, 10 mmol) in acetic anhydride (2.55 g, 25 mmol). The mixture
was heated and stirred at 105-107 ©C for 2 h. The resulting solution was evaporated in vacwo. The residue
(3.0 g) crystallized in cold methanol (4 mL). The crystals were collected, washed with cold methanol (0.5
mL) and dried to give 1.66 g (54 %) of beige crystals, mp 123-125 ©C; IR (KBr): 3080, 3060, 3030, 2961,
1700, 1650, 1580, 1040 cm~!; TH-NMR (400 MHz, CDCl3): 8 7.57 (s, 1H, H-3); 7.43 (d, 111, H-5', Jin =
6.3 Hz), 7.19 (d, 1H, H-2', Ji,y = 8.4 Hz); 4.11 (s, 3H, COOCH4) 3.70 (s, 3H, 3-OCH;); Anal. Caled for
C|,HoO4CLHF: C, 46.93; H, 2.95; F, 6.19; Cl, 23.08. Found: C, 47.02; H, 2.93; F, 6.09; Cl, 23.28.

Methyl 2-(2,4-dichloro-5-fluorobenzoyl)-3-[(2,3-trans-diphenylaziridin-1-yl) aminoJacrylate (5)

To the stirred suspension of 4 (0.9 g, 3 mmol) in dry ethanol (2 ml.) and ethyl acetate (2 mL) a solution of
1-amino-frans-2,3-diphenylaziridined (0.63 g, 3 mmol) in dry ethanol (10 mL) was added at 10 ©C. The
mixture was stirred at 10 ©C for 4 h and allowed to stay at rt overnight. The orange-red solution was
evaporated. The residue was separated on silicagel, using hexane - ethyl acetate eluant to give 0.75 g (51.7
%) of 5 as colourless crystals, mp 61-64 ©C. As shown by NMR, the product was a 10 : 1 mixture of the £
and Z geometric isomers; TR (KBr): 3090, 3070, 3035, 2950, 1705, 1620, 1600, 1495, 1270 em-l; TH-
NMR (400 MHz, CDCl; ) £ isomer: 8 11.67 (d, 1H, NH, Jwucu = 11.6 Hz); 8.47 (d, 1H, H-acrylic, Jxucn
=11.6 Hz); 7.50-7.27 (m, 11H, Ph rings and benzoy! H-3); 6.84 (d, 1H, benzoyl H-6, J;r = 8.4 Hz); 3.82-
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3.75 (m, 2H, H-2" 3"); 3.54 (3, 3H, OCH;); Z isomer: & 9.93 (d, 1H, NH, Jucu = 12.0 Hz), 8.34 (d, 1H,
H-acrylic, fuycn = 12.0 Hz); 7.50-7.27 (m, 11H, Ph rings and benzoyl H-3); 6.97 (d, 1H, benzoyl H-6, Jsr
= 8.8 Hz); 3.82-3.75 (m, 2H, H-2’, H-3"); 3.38 (5, 3H, OCH;); “"C-NMR (100 MHz, CDCl;) E isomer:
190.4 (s, C=0), 165.8 (s, COO) 158.3 (s, =CH), 156.5 (d, C-5, Josy = 249.8 Hz), 141.8 (d, C-2, Jezg =
5.9 Hz), 135-126 (Ph), 125.2 (d, C-1, Jeip = 3.6 Hz), 121.2 (d, C-4, Jear = 19.2 Hz), 115.1 (d, C-6, Jc.ﬁf
= 23.8 Hz), 98.8 (s, =C), 541, 51.1, 49.6 (each s, OCH;, CH-CH), Z isomer: 187.6 (s, C=0), 168.1 (s,
C00), 157.9 (s, =CH), 135-126 (Ph), 115.9, (d, C-6, Jesy = 23.7 Hz), 98.7, (s, =C), 53.9, 51.0, 495
(each s, OCH;, CH-CH), Anal. Calcd for C5H gN,O3ClhF: C, 61.86; H, 3.94; N, 5.77. Found: C, 61.51;
H, 427, N, 5.51.

Attempts to eyclize 5 to 6

A. InDMF /K;CO5: §(0.5 g, 1 mmol) was heated in DMF (5 mL) in the presence of K,CO; (0.14 g, 1
mmol). The temperature was gradually raised and the reaction mixture was checked by TLC, beside an
authentic sample of 6 (prepared from 11b). After 1.5 h of heating at 130 ©C a multicomponent mixture
was obtained, in which only traces of 6 could have been shown by TLC.

B. In NaH / dioxane: 5 (0.5 g, 1 mmol) dissolved in dry dioxane (2 mL) was added at 10 OC to a stirred
suspension of NaH (55 % dispersion in oil; 0.22 g, 5 mmol} in dry dioxane (10 mL). The temperature was
gradually raised and the reaction mixture was checked by TLC, beside an authentic sample of 6 (prepared
from 11b). After 2 h heating at 97 ©C a multicomponent mixture was obtained, in which only traces of 6

could have been shown by TLC.

Methyl 7-chloro-6-fluoro-1-(2,3-trans-diphenylaziridin-1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxyl-
ate (6) by transesterification of 11b

11b (0.5 g, 1.1 mmol} was refluxed in dry methanol (25 mL) for 9 h. The solution was evaporated and the
residue was purified on a silicagel 60 column using ethyl acetate as eluant, to obtain 0.30 g (62%) of 6 as
white crystals, mp 104-105 ©C; IR (KBr): 3060, 3035, 2950, 2930, 2850, 1733, 1695, 1635, 1610, 1545,
1210 em!; 'H-NMR (400 Mz, CDCly): & 8.68 (s, 1H, H-2); 8.01 {d, 1H, H-5, Js = 9.0 Hz); 7.98 (d,
1H, H-8, Jgr = 6.0 Hz); 7.58-7.50 (m, SH, Ph); 7.27-7.10 (m, SH, Ph); 4.57 (d, 1H, H-2", J2; = 5.3 Hz);
4.08 (d, 1H, H-3’, Jz3 = 5.3 Hz), 3.92 (s, 3H, OCHjz). Anal. Caled for CsHgN;04CIF: C, 66.84; H,
4.04; N 6.24. Found: C, 66.90; H, 4.22; N, 6.16.

Ethyl I-amino-7-chloro-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (8)
A suspension of 716 (5.4 g, 20 mmol) in dry DMF (50 mL) was stirred under argon atmosphere with NaH
(1 g, 20 mmol; 50 % dispersion in paraffin oil) at 25 ©C for 3 h. Freshly prepared TSH12 (3.8 g, 20 mmol)
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in CH,Cl; (100 mL) was added at 0 OC and the reaction mixture was stirred at 25 ©C for 20 h. The solid
formed was filtered off, washed with water and ethanol to give 4.1 g (72 %) of pale yellow crystals, mp
249-252 OC; IR (KBr): 3290, 3180, 3100, 3040, 298G, 2910, 2850, 1720, 1690, 1640, 1605, 1570, 1520,
1480, 1450 cm™!; TH-NMR (400 MHz, DMSO-dg): 8 8.60 (s, 1H, H-2); 8.23 (d, 1H, H-8, Jsy = 6.3 Hz);
7.99 (d, 1H, 5-H, Js5 = 9.3 Hz); 6.58 (s, 2H, NH,); 4.22 (q, 2H, OCH,, Jor,cn, = 7.1 Hz) 1.28 (t, 3H,
CHs, Jen,.cny = 7.1 Hz); Anal. Caled for CpHoN,O4CIF: C, 50.63; H, 3.54; N, 9.84. Found: C, 50.89;
H, 3.48; N, 9.71.

General procedure for synthesis of 7-chloro-6-fluoro-1-(substituted azirididin-1-yl)-4(10)-quinolones
(11a-f)

To a suspension of 8 (0.57 g, 2 mmol) in dry CH,Cl; (10 mL), the olefin derivative (10a-f, 10 mmol) was
added followed by addition of Pb(OAc)4 (1 g, 2.2 mmol) at 25 OC and the suspension was stirred for
5 b (in the case of 10c for 16 h). Water (20 mL) was added to the reaction mixture and it was extracted
with CH,Cl, (6 x 20 mL). The combined organic extract was dried on MgSQ,, filtered and evaporated to
dryness. The residue was suspended in acetonitrile {2 mL), filtered off and washed with acetonitrile to give

the product (11a-f). For physical and spectroscopic data see Tables 1, 2 and 3.

1-Acetamino-7-chloro-6-fluoro-1,4-dikydro-4-oxoquinoline-3-carboxylic acid (12)

A solution of 8 (0.28 g, 1 mmol) in AcOH (3.2 mL) and HCI (0.8 mL, 36 %) was refluxed for 3 h then
cooled, the precipitate was filtered off, washed with ethanol to give 0.22 g (73 %) of white crystals, mp
212-213 OC; IR (KBr): 3270, 3040, 1700, 1605, 1560, 1540, 1480, 1460, 1420 cm-l; IH-NMR (100
MHz, CDCl; + DMSO-dg): § 14.25 (br, 1H, COOH), 11.75 (br, 1H, NH), 8.80 (s, 1H, H-2), 8.15 (d, 1H,
H-8 Jyr = 6 Hz), 7.90 (d, 1H, H-5 Js = 9 Hz), 2.25 (s, 3H, CHy); Anal. Calcd for C,HgN,04CIF: C,
48.26, H, 2.70; N, 9.38. Found: C, 48.03; H, 2.64; N, 9.22, |

1-Amino 7-chloro-6-fluoro-1,4-dikydro-4-oxoquinoline-3-carboxylic acid (13)

A suspension of 8 (0.3 g, 1.1 mmol) in water (10 mL} was refluxed with NaOH (0.19 g, 4.8 mmol) for 2 h.
The solution was cooled, neutralized with AcOH to pH = 7, the precipitate was filtered off, washed with
water and ethanol to give 0.26 g (94 %) of white crystals, mp 280-282 oC; IR (KBr): 3330, 3200, 3030,
1710, 1605, 1540, 1500, 1460 cm~1; |H-NMR (100 MHz, TFA): 8 9.60 (s, 1H, H-2), 8.85 (d, 1H, H-8,
Jer = 6.1 Hz), 8.35 (d, 1H, H-5, Jsr = 9.2 Hz); Anal. Caled for C1gHgN,O5CIF: C, 46.80; H, 2.36; N,
10.92. Found: C, 46.53; H, 2 18; N, 10.75.

1-Amino-6-fluoro-7-(4-methylpiperazin-1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (14)
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A suspension of 13 (0.2 g, 0.8 mmol) was stirred in N-methylpiperazine (3 mL) at 140-150 ©C for 4 h. The
excess of N-methylpiperazine was evaporated in vacuo, the residue was suspended in ethanol, filtered off
and washed with ethanol to give 0.18 g (66 %) of white crystals, mp 300 ©C; IR (KBr): 3170, 1655, 1625,
1580, 1560 cm!; 'H-NMR (400 MHz, DMSO-d,): § 8.87 (s, 1H, H-2), 8.42 (d, 1H, H-8, Jiy = 6.3 Hz),
8.18 (d, 1H, H-5, Js5 = 9.1), 6.89 (br, 2H, NH,), 2.69 (m, 4H, H-26"), 2.21 (m, 4H, H-3'5", 2.11 (s, 3H,
NCH3); Anal. Caled for C(sH;7N4O5F: C, 56.24; H, 5.35; N, 17.49. Found: C, 56.42; H, 5.21; N, 17.28.

7-Chloro-6-fluoro-1-(2-chlore-2-phenylethylamino)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (15)
A solution of 11a (0.13 g, 0.33 mmol) in acetic acid (1.2 mL) and 36 % HCI {0.8 mL) was refluxed for 6 h
and cooled. The precipitate was filtered off, washed with water and ethanol to give 0.1 g (72 %) of yellow
needles, mp 225-228 OC; IR (KBr): 3280, 3030, 1710, 1610, 1550, 1510, 1475, 1440 cm™l; IH-NMR
(100 MHz, DMSO-dg): 8 14.4 (br, 1H, OH), 9.05 (s, 1H, H-2), 8.20 (d, 1H, H-8, J;+ = 6 Hz), 8.10 (d,
1H, H-5, Js¢ = 9 Hz), 7.5-7.4 (m, 6H, Ph, NH), 5.20 (t, 1H, H-2' J» e, = 7 Hz), 3.80 (dd, 2H, CH,
Jenyam = 6 Hz, Jrony, = 7 Hz); Anal. Caled for CygH;3N,05Cl,F: C, 54.70; H, 3.32; N, 7.09. Found: C,
54.40; H, 3.15; N, 6.88.

7-Chloro-6-fluoro-1-(2-phenylaziridin-1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (16)

A suspension of 11a (0.1 g, 0.25 mmol) in ethanol (1 mL) and 2N aqueous NaOH (0.5 mL) was stirred at
25 OC for 48 h then mixed with water (1 mL), neutralized with acetic acid to pH = 7. The precipitate was
filtered off, washed with water and ethanol to give 71 mg (80 %) of pale yellow crystals, mp 280-283 °C;
IR (KBr): 3020, 1705, 1620, 1550, 1480, 1460 cm-!; IH-NMR (100 MHz, DMSO-dg): & 8.90 (s, 1H, H-
2), 8.20 (d, 1H, H-8 Jyr = 6.2 Hz), 8.10 (d, 1H, H-5 Js¢ = 9 Hz), 8.05 (s, SH, Ph), 3.80-3.00 (m, 3H, H-
2',3,3");, Anal Calcd for CgH;,N,O;CIF: C, 60.26; H, 3.37; N, 7.81. Found: C, 60.03; H, 3.44; N, 7.50.

General procedure for synthesis of 1-amino-4(1H)-quinolones (18a,by)

A suspension of 17a and 17b!4 (2 mmol), resp. in dry DMF (12 mL) was stirred with K,CO5 (0.55 g, 0.4
mmol) at 25 OC for 2 h. Freshly prepared TSH (0.42 g, 2.2 mmol) in CH,Cl, (12 mL) was added at 0 °C
and the reaction mixture was stirred at 25 ©C for 24 h, The precipitated crystals were filtered off, washed

with water and ethanol to give the product.

Ethyl 1-amino-6, 7-diflucro-1,4-dihydro-4-oxoquinoline-3-carboxylate (18a)

Yield: 74.6 %, mp 163-166 9C; IR (KBr): 3300, 3180, 3050, 2970, 1720, 1640, 1600, 1480, 1440 cm-1,
IH-NMR (DMSO-dg): & 8.61 (s, 1H, H-2), 8.03 (m, 2H, H-5,8) 6.57 (s, 2H, NH,), 4.22 (g, 2H, OCH,, J
= 7.2 Hz), 1.28 (1, 3H, CH;, J = 7.2 Hz); Anal. Caled for C;,H;gN,05F, x 0.25H,0: C, 52.85; H, 3.88;
N, 10.27. Found: C, 52.90; H, 3.83; N, 10.24.




Table 1

Physical and spectroscopic data of compounds (11a-f, 20a-g and 21a-d)

2661 ‘9 "ON 'S “I0A ‘SFTOAD0HILIH

Yield | Yield mp IR (KBr) Anal. Caled Found
(%) |z (%) | (°C) (em™1) Formula C H N C H N
T\ 70 50b | 183-186 | 3100, 3030, 2950, 1720, 1600, 1540, 1450 | C,qH;sN,O5CIF | 62.10 | 4.17 | 7.24 | 62.09 | 4.13 | 7.24
11b | 45 320 | 109-111 | 3100, 3030, 2950, 1720, 1600, 1540, 1450 | C34H,oN,O5CIF | 65.55 | 4.53 | 5.88 | 65.80 | 4.67 | 5.56
x 0.75H,0
11c | 58 42b | 228-232 | 3070, 3020, 2940, 2910, 1720, 1600, 1540 | C;gH,gN,O5CIF | 57.15 | 5.20 | 7.40 | 57.04 | 5.01 | 7.31
x 0.75H,0
114 | 58 42> | 189-192 | 3100, 2980, 1740, 1630, 1605, 1540, 1440 | C,¢H,4N,OsCIF | 52.12 | 3.83 | 7.60 | 52.38 | 3.61 | 7.52
11e | 52 37b | 142-146 | 3100, 2980, 1720, 1680, 1630, 1600, 1540 | C;7H;¢N,OsCIF | 53.34 | 4.21 | 7.32 | 53.19 | 4.07 | 7.39
11f | 34 24b | 270-27% | 3100, 3000, 1760, 1720, 1610, 1590, 1460 | C;¢H4N,OsCIF | 52.12 | 3.83 | 7.60 | 52.34 | 3.68 | 7.46
200 | 65 | 37¢ | 216-218 | 3010, 2950, 1725, 1625, 1580, 1530, 1480 | C,sH,7N,O5F | 66.65 | 6.04 | 12.44 | 66.70 | 5.85 | 12.5]
20b ] 52 30° | 215-218 | 3010, 2950, 2800, 1720, 1620, 1505, 1480 | C,sHagN4O3F, | 64.09 | 559 | 11.96 | 64.23 | 542 | 12.08
20c | 43 | 25° | 192-194 | 2950, 2800, 1715, 1620, 1500, 1480 | C,gH,¢N4O3F, | 60.23 | 5.05 [ 10.81 | 60.08 | 5.14 | 10.62
204 | 38 22¢ | 192-195 2930, 2800, 1720, 1610, 1540, 1480 Cy4HogNsOsF | 63.85 | 5.80 | 1551} 63.58 | 5.92 | 15.73
20e | 34 19¢ | 198-200 2960, 2800, 1710, 1620, 1505, 1420 Cy3HygN4OF | 64.47 | 6.82 | 13.07 | 64.28 | 6.59 | 13.02
200 | 10 6° | 244-246 | 3050, 3000, 2960, 1700, 1630, 1580, 1520 | C5gH,4N4O3CIF | 56.80 | 5.72 | 13.25 | 56.51 | 5.89 | 12.97
20g | 58 33c | 186-189 | 3090, 2990, 2960, 2860, 2810, 1720, 1610 [ C3;H3N4O5F | 72.64 | 6.10 | 820 | 72.41 | 6.08 | 8.35
21a | 42 214 | 188-190 3000, 1720, 1640, 1610, 1550 CysHygN4O3F; | 64.09 | 5.59 | 11.96 | 63.80 | 5.35 | 11.88
21b | 48 244 | 197-200 2800, 1725, 1610, 1520, 1480 CysHysN4O5F5 | 6172} 5.18 | 11.52 | 61.42 | 5.07 | 11.47
21c | 43 224 | 157-160 2800, 1710, 1680, 1640, 1600, 1460 CygHysN4O3F5 | 58.21 | 4.70 110.44 | 58.44 | 4.52 | 10.28
21d | 52 | 269 | 132135 2940, 2800, 1720, 1610, 1470 Cp4HysNsO3F, x | 5823 | 5.40 | 14.15 | 5830 | 5.51 | 13.91
5H,0

aL ast step. PFrom 7 to 11a-f. SFrom 17a to 20a-g. 9From 17b to 21a-d.

SOl
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Table 2
1H-NMR data (8 ppm) of compounds (11a-f, 20a-g, 21a-d, 22a-e and 23a-d)

432q, | 3.76 | 339 | 3.06 -
8685|8064 (7864 400 | 376 33 O 7.48 m
7.70m, 7.51 m
11k | 8755 | 7.79d [ 837d | 423m | 548 | | 4664 - 743 m 141 m
127¢ | d A3 m, 7.
7.17m
112 | 848s |8.11d[ 7924 41-3346‘1’ 2945 - - 2165, 1455
. 435q, [ 350 | 325 | 3.10 B
nae | 850s | g10d| 7114 | §3% 350 32 . 3.92s
1lewc | 8665 | 8.11d | 804d | 435q, | _ | 375¢ | 3224 _ 3.93 5, 3.40s
8.58s |8.10d | 7.82d| 139¢ 326d | 3.19d 1.87s, 1.27 s
o el 423q 570 327 | 306 N
ne | 9.02s | 7914|7924 454 370 32 o 2255
N -1 423m | 363 | 367 | 305 | 2.78m,2.60m
20ab | 8625 | 7.74d | 686d | {50 1 38| 3 il B R 7.46 m
b 423m | 3.70 | 3.66 | 3.06 | 2.83m, 2.66m
2005 | 8615 | 7.74d | 6844 | 423 m | 3701 36 W | sosmoare | 1Sim73m
b 424m | 377 | 381 | 317 | 2.80m,2.60m )
20 | 863s | 775d | 6774 | 3m | 377 3E W | sm i, 7.9-77m
b ' 424m | 365 | 377 | 322 | 285m,2.72m | 8.640,7.92td 7.58
200> | 8645 ] 7.75d | 6.90d | 1500 | g | Tad dd | 230m,2.17s dd, 7.46 dd
b 9 421q 325m,2.53m _
20> | 8485 [7.76d | 7094 | 1319 - 307m ol 2.08m, 1.32m
421q, | 3.50 | 2.88 290 | 3.27m,3.15m,
208> | 8595 | 7.76d | 7.31d 158t - i d 553m. 295 4.10 dd, 3.78 dd
7.68 m 7.55-7.37 m
20gb | 842s | 7.58d | 7204 413m 1526 | | 4564 | 303m243m 723 m
122¢ | d 223 s :
b 767 | _ | 422m | 4.06 299 | 3.16m,235m
21ab | 8.58s | 70 ol el EECT Y B s 7.38m
b 767 | | 422m | 4.09 300 | 3.16m,235m
210 | 858s | 7O e [ 407 {340ar| i 142,723 m
N 766 | | 423m | 418 313 | 3.10m,230m | 7.82m, 7.73m
> | 8.60s | gy 1261 | dda |31 “aa 129t 774 m
b 767 | _ | 423m | 410 322 | 3.16m,2.36 m | 8.56 ddd, 7.83 td,
nd> [ 86ds | gy 128t | dad | > 4 2215 7.46 dt, 7.36 ddd




HETERQCYCLES, Vol. 45, No. 6, 1997

nor

| B2 | H5 | H-8 | COEt | H2' | H-3 | H3" MeN-Pip RI(R2R3)
— —
22a* [ 8785 |7.97d | 6.954d 3£° 33m |3.05m 3023 m 7.6-7.5 m
375 | 380 | 312 | 281m272m
c|888s|788d]693d| - ) . 5 .
22b s |7 ad | dd | ad | 228m 218s | 144730t
22¢c | 890s | 789d|690d| - 3.88m 3.18m | 2:90m, 2.68 m, 7.85-7.65 m
225m,2.185s
b | 5035 |7 . | 386| 381 | 329 | 292m,277m { 8.65dd,7.941d
22d s|791d)701d dd | dad | dd | 229m,2.17s | 7.59 dt, 7.48 ddd
2¢b | 8675 | 7854|7224 - 3.10s - 3-29;"53-554 m | 215m,1.35m
23ac | 8.82s{786d]| - - | %02 |338m|209m | 328m 2.43m 735m
m 2295
23bb | 8685 | 7.63d| - - 394 | 396m | 326m | 319IM238m | 540 716m
m 2225
23cb | 8.84s | 7.82d| - — | 4?27 |360m|320m| 32m235m 7.8-7.5m
m 2195
. _ | 4as 325m,238m, | 8.58d,7.83dd,
23d° | 8.90s | 7.83d 18 1 350m [329m m, 2 A by

a 100 MHz, DMSO-dg + CDCl;. b 400 MHz, DMSO-dg. © The sample is a i:1 mixture of the trans and

cis substituted izomers of the aziridine ring, therefore two sets of signals were observed. 9 100 MHz,
CDCl3. ¢ 400 MHz, DMSQ-dg + CDClj.

Table 3

Characteristic coupling constants of selected compounds

Commuuﬂ: s g5 68 I Jr 3 Ty 5 Jr gr I3 gF
ib |92 - 6.2 - 5.6 - - --
20a 13.6 - 7.5 8.4 5.2 2.7 - --
21a 12.2 1.6 -- 8.6 58 2.9 24 2.9
22d 13.3 - 7.4 8.2 5.6 2.8 - -

Ethyl 1-amino-6,7,8-trifluoro-1,4-dihydro-4-oxoquinoline-3-carboxylate (18b)
Yield: 82 %, mp 212-214 °C; IR (KBr): 3300, 3180, 3050, 1720, 1640, 1600, 1480, cm-!; IH-NMR
(DMSO-dg): 8 8.47 (s, 1H, H-2), 7.95 (m, 1H, H-5), 6.81 (s, 2H, NH,), 422 (g, 1H, OCH,, /= 7.2 Hz),
1.28 (1, 1H, CH,, J= 7.2 Hz); Anal. Calcd for C;,HgN,04F5: C, 50,36, H, 3.17; N, 9.79.

General procedure for synthesis of 7-(4-methyipiperazin-I-yljquinolines (19a,b}

A suspension of 18a and 18b (1 mmol), resp. in dry pyridine (3 mL) was stirred with N-methylpiperazine

(0.45 g, 0.5 mL, 4.5 mmol} at 130 9C under argon atmosphere for 2 h. The reaction mixture was

evaporated in vacue to dryness, the residue was recrystallized from acetonitrile to give the product.
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Ethyl 1-amino-6-fluoro-7-(4-methylpiperazin-1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylate (192)
Yield: 77 %, mp 240-242 ©C; IR (KBr): 3310, 3200, 3000, 2800, 1720, 1640, 1610, 1550 1500, 1440
cm-1; TH-NMR (100 MHz, TFA): & 9.46 (s, 1H, H-2), 8.33 (d, 1H, H-8, Js5 = 6 Hz), 8.10 (d, 1H, H-5,
Jsg=9.1 Hz}, 4.75 (q, 2H, OCHy, Jon,cu, = 7.1 Hz), 4.5-3.6 (m, 8H, piperazino), 3.26 (s, 3H, NCH;),
1.60 (t, 3H, CHj, Jen,cn, = 7.1 Hz); Anal. Caled for C 7HyN4O5F: C, 58.61; H, 6.08; N, 16.08. Found:
C, 58.84; H, 6.03; N, 15.92. '

Ethyl 1-amino-6,8-difluoro-7-(4-methylpiperazin-1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylate
(19b)

Yield: 61 %, mp 161-163 °C; IR (KBr): 3310, 3200, 3000, 2800, 1720, 1630, 1610, 1550 cm™!; TH-NMR
(400 MHz, DMSO-dg): 6 8.36 (s, 1H, H-2), 7.62 (dd, 1H, H-5, Js6s = 12.3, Js3r = 1.5 Hz), 6.71 (br, 2H,
NH,), 4.20 (q, 2H, OCH,, Jeu,cuy = 7.0 Hz), 3.26 (m, 4H, H-2',6"), 2.44 (m, 4H, H-3'5", 2.23 (s, 3H,
NCH3), 1.27 (t, 3H, CH3, Jeu,cuy = 7.0 Hz); Anal. Caled for Cy;Hy0N,O4F,: C, 55.73; H, 5.50; N,
15.29. Found: C, 55.62; H, 5.42; N, 15.08.

Table 4
Physical and TR data of compounds (22a-¢2 and 23a-d?)

Yield mp IR (KBr)

% | €0 CD
22a 87 224-225 3400, 3070, 2960, 1720, 1630, 1520, 1490
22b 70 225-229 3400, 2800, 1720, 1620, 1510, 1480
22¢ 61 219-224 3400, 2800, 1730, 1630, 1480

22d° | 65 202-204 | 3410, 2800, 1730, 1630, 1600, 1520, 1470
22¢ | 68 244-245 3420, 2800, 1705, 1630, 1560, 1480, 1410
23a | 71 193-197 3400, 2800, 17200, 1640, 1620, 1480
23b | 68 230-232 3400, 2800, 17200, 1640, 1620, 1480
e | 70 230-232 3400, 2800, 1720, 1620, 1610, 1540, 1480
23d | 52 132-135 | 3400, 2800, 1720, 1620, 1605, 1540, 1480

a Because of the difficulties in the purification, the compounds gave no satisfactory
clementary analysis. The structures were supported by IR and 1H-NMR spectroscopy.

General procedure for synthesis of ethyl 6(8)-(di)fluoro-7-(4-methylpiperazin-1-pl)- 1-(substituted
aziridine-1-yl)- 1,4-dihydro-4-oxoquinoline-3-carboxylates (20a-g, 21a-d)

To a stirred suspension of 19a and 19b (1 mmol), resp. and the appropriate olefin (10a,c,g-j, S mmol) in
dry CH,Cl, (5 mL) was dropped a solution of Pb(OAc), (0.45 g, 1 mmol) in dry CH,Cl (5 mL) and the
stirring was continued for 12 h at 25 9C. The reaction mixture was mixed with water (10 mL) and

extracted with CHCly (6 x 5 mL). The combined organic extract was dried on MgSQOy, filtered and
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evaporated to dryness. The residue was recrystallized from acetonitrile to give the product. For physical

and spectroscopic data see Tables 1, 2 and 3.

General procedure for hydrolysis of esters (20a-e) and (21a-d) to obtain 6(8)-(di)fluoro-7-(4-methyl-
piperazin-1-yl)-1-(substituted aziridin-I1-yl)-1,4-dihydro-4-oxoquinoline-3-carboxylic acids (22a-¢) and
(23a-d)

A suspension of the appropriate ester (20a-e and 21a-d, resp., 0.2 g) in ethanol (4 mL) was stirred with
2N aqueous NaOH (1.6 mL) at 25 ©C for 48 h. Water (2 mL) was added and the reaction mixture was
acidified with acetic acid to pH = 6, then made alkaline with 25 % NH4OH (to pH = 8). The precipitate
was filtered off, washed with water to give the product. For physical and spectroscopic data see Tables 2,

3 and 4.

Ethyl  1-(2-acetoxy-2-ethoxyethylamino)-6-fluoro-7-(4-methylpiperazin-1-yl)-1,4-dihydro-4-oxoquino-
linecarboxylate (25)

To a stirred suspension of 19a (0.17 g, 0.5 mmol) and ethyl vinyl ether (10k, 0.18 g, 0.24 mL, 2.5 mmol)
was dropped a solution of Pb(OAc); (0.3 g, 0.56 mmol) in dry CH,Cl, (3 mL) and the stirring was
continued for 16 h at 25 ©C. The reaction mixture was mixed with water (10 mL} and extracted with
CH,Cl, (4 x 5 mL). The combined organic extract was dried on MgS0O;,, filtered and evaporated to
dryness. The residue was suspended in acetonitrile (0.5 mL), filtered off, washed with ether to give 60 mg
of pale yellow crystals, mp 147-149 9C; IR (KBr): 3110, 3080, 3040, 2980, 2920, 2830, 2790, 1740,
1700, 1620, 1600, 1580 cm"!; IH-NMR (400 MHz, DMSO-dg): & 8.61 (s, 1H, H-2), 7.24 (d, 1H, H-5,
Jsg =13.5 Hz), 7.36 (d, 1H, H-8, Jsr = 7.6 Hz), 7.21 (t, 1H, NH, /e, = 4.8Hz), 5.88 (dd, 1H, H-2',
Jr2 =Jir> = 5.1 Hz), 421 (q, 2H, COOCHj3, Jen,.cny = 7.1 Hz), 3.62 (m, 1H, H-1), 3.46 (m, 1H, H-1"),
3.27 (q, 2H, OCHjy Jeu,cn, = 7.0 Hz), 3.23 (m, 4H, piperidino), 2.55 (m, 4H, piperidino), 2.27 (s, 3H,
NCHj), 1.95 (s, 3H, COCH3), 1.28 (t, 3H, CH3, Jewyon, = 7.1 Hz), 1.00 (t, 3H, CHg, Jow,,cn, = 7.0 Ha),
Anal. Caled for C3H3yN4O4F: C, 64.17; H, 7.26; N, 13.05. Found: C, 64.25; H, 7.18; N, 12.92.
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