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Abstract — Interaction of deprotonated malonic esters with 7-chloro-8-nitro-4-
oxoquinoline-3-carboxylate (1) gave the respective 7-[bis(alkoxycarbonyl)-
methyl] derivatives (2, 3) which were converted into the corresponding
7-(carboxymethyl)-8-nitro-4-oxoquinoline-3-carboxylic acid (4). Reductive
lactamization of the latter furnished the target tetrahydro-2,6-dioxo-1H-pyrrolo-
[3,2-h]quinoline-7-carboxylic acid (5). Both compounds 4 and 5 exhibited broad
spectrum of high antibacterial activity against representatives of Gram-negative
and Gram-positive bacteria classes, but were less potent than the reference

ciprofloxacin.

During the past three decades, several members of the fluoroquinolone family have emerged as highly
potent anti-infective agents with broad spectrum against Gram-positive and Gram-negative bacteria.>>
Examples include ciprofloxacin, levofloxacin® and moxifloxacin® (Figure 1).

On the other hand, the oxindole ring system is a privileged motif that constructs the core of a large family
of bioactive natural products and a series of pharmaceutically active compounds.*2 Amongst these are
910 0 g,

e.g. soulieotine’? and the synthetic antitumor drug

the spiro[pyrrolidine-3,3-oxindole] alkaloids™® e.g. horsfiline,® 3-substituted-3-hydroxyoxindoles

convolutamydine A2 and 3-alkenyl-oxindolest!*2

sunitinib (sutent®)X (Figure 2).
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Figure 1. Structures of some fluoroquinolones in clinical use
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Figure 2. Representative natural products and bioactive compounds with 3,3-disubstituted- and
3-alkenyloxindole framework

As part of an ongoing program aimed at developing facile synthesis of novel heterocycles [h]-fused onto
1-cylopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic acid, we have recently explored the
synthesis of some imidazo[4,5-h]quinolines,** of a [1,2,5]thiadiazolo[3,4-h]quinoline,®> and of related
tetracyclic fluoroquinolones® which are endowed with strong antibacterial activity. Along these lines, we
have envisaged to construct a tricyclic sytem having a 2-pyrrolidinone ring [h]condensed with the
fluoroquinolone partner. Accordingly, we report herein a synthesis of 2,6-dioxotetrahydro-
1H-pyrrolo[3,2-h]quinoline-7-carboxylic acid (5) (Scheme 1), a new tricyclic hybrid combining the
structural features of both fluoroguinolone (rings A, B) and oxindole (rings B, C) biophoric chemotype
moieties. It is anticipated that 4 and/or 5 might possess interesting pharmacological properties.
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Scheme 1. Synthesis of dioxo-1H -pyrrolo[3,2-h]quinoline-7-carboxylic acid (5)

Synthesis

The synthesis of 2,6-dioxotetrahydro-1H-pyrolo[3,2-h]quinoline-7-carboxylic acid (5) is achieved by
utilizing the appropriate 4-oxoquinoline-3-carboxylate (1a, 1b), accessible from 2,4-dichloro-5-fluoro-3-
nitrobenzoic acid,*’ and constructing the 2-pyrrolidinone nucleus thereupon through a series of
conversions as illustrated in Scheme 1. Thus, displacement of the chloride from 7-chloro-1-cyclopropyl-
6-fluoro-4-oxoquinoline-3-carboxylate (1a, 1b) by deprotonated malonate (using NaH in DMF) produced
the corresponding 7-[bis(alkoxycarbonyl)methyl]quinoline-3-carboxylic acid (2b) or the respective ethyl
esters 2a, 3 (Scheme 1). This nucleophilic aromatic substitution (Sy-Ar) reaction, conducted at room
temperature, is facilitated by the presence of the neighboring electron-withdrawing 6-fluoro, 8-nitro and
4-keto entities. The methodology adopted herein is modeled on previous reports describing the
preparation of related arylmalonates from their ortho-halonitroarene precursors.X4% In a subsequent step,
acid-catalyzed ester hydrolysis of compounds 2a, 2b or 3 led to the generation of the corresponding
7-malonic acid-derived intermediate which then suffered monodecarboxylation to afford the respective
7-(carboxymethyl)-8-nitro-4-oxoquinoline-3-carboxylic acid (4) in moderate yield. Finally, reduction of
the nitro group in compound 4 and spontaneous lactamization produced the corresponding 2,6-dioxo-1H-
pyrrolo[3,2-h]quinoline-7-carboxylic acid (5). This reductive cyclization step was achieved in alkaline

sodium dithionite 2%

and by catalytic hydrogenation. Yields are similar but the former dithionite method
is being preferred whereby the obtained crude cyclized product 5 is highly pure, and the experimental

procedure is very simple and fast.
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Spectral properties

The new compounds 2-5 were characterized by elemental analyses, IR, MS and NMR spectral data.
These data, detailed in the experimental part, are consistent with the suggested structures. Thus, the mass
spectra display the correct molecular ion peaks for which the measured high resolution (HRMS) data are
in good agreement with the calculated values. DEPT and 2D (COSY, HMQC, HMBC) experiments
showed correlations that helped in the *H- and **C-signal assignments to the different carbons and their
attached, and/or neighboring hydrogens. For compounds 2-4, long-range correlations are observed
between H-5 and each of C-8a, C-4 and C-7; likewise, H-2 is correlated with C-8a, C-4, C-1', and
CO,Et/CO,H. For compound 5, similar long-range correlations are also observed between H-3, and each
of C-4 and C-9b, between H-5 and each of C-3a, C-9a and C-6, as well as between H-8 and each of C-6,
C-9a and CO,H. In compounds 2-5, the carbons of the benzo-fused ring B are readily identified by their
doublet signals (with varying Jc-Vvalues) originating from spin-spin coupling with the nearby fluorine

atom.

Antibacterial activity

In vitro antibacterial screening of compounds 4 and 5 were performed and compared with the reference
ciprofloxacin. The results showed that 4 and 5 exhibited high antibacterial activity against representatives
of Gram-negative and Gram-positive bacteria classes (Table 1). Interestingly, compound 4 displayed
higher potency against B. subtilis and E. coli, while compound 5 showed higher potency against S. aureus

and H. influenzae . Both 4 and 5 were, however, less potent than the reference ciprofloxacin.

Table 1. In vitro antibacterial activity of compounds 4 and 5, expressed as MIC (ug mL™)

Compound No. BS? SA® EC’ HI°
4 0.15 15 15 0.7

5 0.7 0.7 3 0.3
ciprofloxacin 0.03 0.3 0.015 0.15

®Gram positive bacteria: Bacillus subtilis ATCC 6633 (BS) and Staphylococcus aureus
ATCC 6538 (SA); "Gram negative bacteria: Escherichia coli ATCC 8739 (EC) and
Haemophilus influenzae ATCC 19418 (HI).

An efficient and facile method is reported for the synthesis of 9-cyclopropyl-4-fluoro-

2,3,6,9-tetrahydro-2,6-dioxo-1H-pyrrolo[3,2-h]quinoline-7-carboxylic acid (5) utilizing 7-chloro-8-nitro-

4-oxoquinoline-3-carboxylate (1). Thus, an a-malonic ester moiety is introduced at C-7 locus of 1,
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followed by transformation of the resulting derivatives (2, 3) into the respective 7-(carboxymethyl)
analog 4. Reductive lactamization of the latter gave the target 5. Both compounds 4 and 5 exhibited broad
spectrum of high antibacterial activity, but were less potent than the reference ciprofloxacin.

Our prime interest has been related to mixed aldol condensation reaction that the a-methylene (C-3)
carbon of compound 5 would undergo with different 2-alkenals, aryl- and hetaryl carboxaldehydes. The
preparation of various 3-alkenyl derivatives of 5 (congeners of soulieotine and sunitinib oxindolic drugs,

Figure 2) for assessment of their biological properties and for comparative studies is currently underway.

EXPERIMENTAL

2,4-Dichloro-5-fluoro-3-nitrobenzoic acid, ethyl 3-(N,N-dimethylamino)acrylate, cyclopropyl- amine,
sodium hydride (60% in mineral oil), diethyl malonate and di-tert-butyl malonate were purchased from
Acros. Melting points (uncorrected) were determined on a Gallenkamp electrothermal
melting-temperature apparatus. IR spectra were, in cm™, recorded as KBr discs on a Thermo Nicolet
Nexus 670 FT-IR spectrophotometer. *H and *C NMR spectra were measured on a Bruker DPX-300
instrument. Chemical shifts are expressed in ppm with reference to TMS as internal standard.
High-resolution mass spectra (HRMS) were measured (in positive or negative ion mode) using
electrospray ion trap (ESI) technique by collision-induced dissociation on a Bruker APEX-4 (7 Tesla)
instrument. The samples were dissolved in acetonitrile, diluted in spray solution (MeOH/water 1:1 v/v +
0.1% formic acid) and infused using a syringe pump with a flow rate of 2 uL min™. External calibration
was conducted using arginine cluster in a mass range m/z 175-871. Elemental analyses (C, H, N) were
performed at the Microanalytical Laboratory of the Hashemite University, Zarga-Jordan, and the results

were found to be in good agreement (+ 0.4%) with the calculated values.

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-8-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (1a) and
the corresponding 3-carboxylic acid (1b)
These synthons were prepared from 2,4-dichloro-5-fluoro-3-nitrobenzoic acid, ethyl 3-(N,N-

dimethylamino)acrylate and cyclopropylamine, according to literature procedures.t’

Ethyl  7-[bis(tert-butoxycarbonyl)methyl]-1-cyclopropyl-6-fluoro-8-nitro-1,4-dihydro-4-oxoquino-
line-3-carboxylate (2a)

To a stirred and cooled (0-5 °C) suspension of NaH (60% in mineral oil, 1.0 g, 25 mmol) in dry DMF (40
mL) was added di-tert-butyl malonate (5.4 g, 25 mmol) over 10 min. The mixture was maintained at
0-5 °C for additional 10 min, before the addition of 1a (2.2 g, 6.2 mmol). The resultant orange-coloured

reaction mixture was stirred at room temperature for 12 h, then poured into a mixture of ice-water (50
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mL) and EtOAc (50 mL). The whole mixture was acidified with 6N HCI to pH 2, and the organic layer
was separated, washed successively with water and saturated brine solution, then dried and evaporated.
The residue was triturated with EtOH to afford the desired title product 2a (2.2 g, 74%). An analytical
sample was obtained by recrystallization from EtOH as faint yellow needles, mp 162-165 °C (dec). IR
(KBr): v 3093, 2979, 2934, 1732, 1637, 1605, 1541, 1473, 1393, 1367, 1337, 1260, 1150 cm™.
ESI-HRMS: Calcd for CasHs1FN2OgNa [M + Na]*: 557.19058. Found: 557.19024. *H NMR (300 MHz,
CDCl3): 6 0.80 (m, 2H) and 1.06 (m, 2H) (H»-2'/H2-3"), 1.33 (t, J = 7.1 Hz, 3H, CH3CH,0-), 1.46 [s, 18 H,
2C(CHs3)3], 3.66 (m, 1H, H-1'), 4.37 (g, J = 7.1 Hz, 2H, -OCH,Me ), 6.50 [br s, 1H, CH(CO,BU"),], 7.81
(d, *Ju-r = 8.9 Hz, 1H, H-5), 8.52 (s, 1H, H-2). *C NMR (75 MHz, CDCls): 6 10.3 (C-2/C-3'), 14.4
(CH3CH,0-), 28.0 [2C(CHa)3], 39.5 (C-1'), 52.0 [CH(CO,BuUY),], 61.3 (OCH;Me), 82.6 [20C(CHa)s],
113.7 (C-3), 117.3(d, “Jc.r = 30.8 Hz, C-5), 129.5 (d, 2Jc.r = 14.8 Hz, C-7), 129.8 (d, %Jc.r = 3.4 Hz, C-4a),
132.3 (d, *Jc.r = 2.2 Hz, C-8a), 141.2 (d, *Jcr = 9.1 Hz, C-8), 150.1 (C-2), 156.5 (d, *Jc.r = 250 Hz, C-6),
163.8 (CO,Et), 166.4 (2CO,BU"), 174.5 (d, “Jc.r = 2.3 Hz, C-4). Anal. Calcd for CosH3FN2Og (534.53 g
mol™): C, 58.42; H, 5.85; N, 5.24. Found: C, 58.33; H, 5.76; N, 5.21.

7-[Bis(tert-butoxycarbonyl)methyl]-1-cyclopropyl-6-fluoro-8-nitro-1,4-dihydro-4-oxoquinoline-3-
carboxylic acid (2b)

To a stirred and cooled (0-5 °C) suspension of NaH (60% in mineral oil, 2.0 g, 50 mmol) in dry DMF (40
mL) was added di-tert-butyl malonate (5.4 g, 25 mmol) over 10 min. The mixture was allowed to warm
to room temperature before the addition of 1b (2.0 g, 6.1 mmol). The resultant reaction mixture was
stirred at room temperature for 24 h and worked up as described for 2a above to afford 2b (2.2 g, 71%).
An analytical sample was obtained by recrystallization from MeOH as faint yellow needles, mp
212-214 °C. ESI-HRMS: Calcd for Ca4Hz6FN2Og [M - H]: 505.16169. Found: 505.16212. *H NMR (300
MHz, CDCls): ¢ 0.88 (m, 2H) and 1.16 (m, 2H) (H,-2/H,-3"), 1.45 [s, 18 H, 2C(CHs)3], 3.81 (m, 1H,
H-1), 6.01 [br s, 1H, CH(CO,BU"),], 7.95 (d, *Ju.r = 8.6 Hz, 1H, H-5), 8.91 (s, 1H, H-2), 13.87 (br s, 1H,
CO;H). ®C NMR (75 MHz, CDCls): 6 10.6 (C-2'/C-3'), 27.9 [2C(CH3)s], 40.8 (C-1), 52.2
[CH(CO,BUY),], 83.1 [20C(CH3)s], 111.0 (C-3), 119.1(d, *Jc.r = 31.6 Hz, C-5), 127.8 (d, *Jc.r = 3.7 Hz,
C-4a), 129.1 (d, 2Jcr = 14.4 Hz, C-7), 132.7 (d, “Jcr = 2.3 Hz, C-8a), 141.9 (d, *Jc.r = 9.2 Hz, C-8),
151.5 (C-2), 156.6 (d, “Jcr = 251 Hz, C-6), 165.1 (2CO,BU"), 165.6 (CO,H), 178.8 (d, “Jcr = 2.8 Hz,
C-4). Anal. Calcd for C,sH,7FN,Og (506.48 g mol™): C, 56.91; H, 5.37; N, 5.53. Found: C, 56.73; H,
5.26; N, 5.48.

Ethyl 7-[bis(ethoxycarbonyl)methyl]-1-cyclopropyl-6-fluoro-8-nitro-1,4-dihydro-4-oxoquinoline-3-
carboxylate (3)
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To a stirred and cooled (0-5 °C) suspension of NaH (60% in mineral oil, 1.0 g, 25 mmol) in dry DMF (40
mL) was added diethyl malonate (4.0 g, 25 mmol) over 10 min. The mixture was maintained at 0-5 °C for
additional 10 min, before the addition of la (2.2 g, 6.2 mmol). The resultant orange-coloured reaction
mixture was stirred at room temperature for 12 h and worked up as described above for 2a above to afford
3 (2.4 g, 81%). An analytical sample was obtained by recrystallization from EtOH as faint yellow needles,
mp 176-178 °C. (KBr): v3103, 2941, 2924, 2855, 1781, 1729, 1611, 1541, 1465, 1370, 1312, 1266, 1222,
1134, 1031 cm™. ESI-HRMS: Calcd for CyHosFN,Og [M+H]*: 479.14603. Found: 479.14618; Calcd for
CuoH23FN,09 Na [M+Na]*: 501.12798. Found: 501.12817. *H NMR (300 MHz, CDCls): 6 0.97 (m, 2H)
and 1.10 (m, 2H) (H,-2'/H,-3"), 1.26 (t, J = 7.1 Hz, 6H, CH(CO,CH,CHj3),), 1.38 (t, J = 7.1 Hz, 3H,
C(3)-CO,CH,CHj3), 3.60 (m, 1H, H-3", 4.26 (q, J = 7.1 Hz, 4H, CH(CO,CH;Me),), 4.37 (9, J = 7.1 Hz,
2H, C(3)-CO,CH;,Me), 4.63 (s, 1H, CH(CO,Et),), 8.35 (d, *Ji.r = 9.7 Hz, 1H, H-5), 8.63 (s, 1H, H-2). **C
NMR (75 MHz, CDCly): ¢ 10.9 (C-2'/C-3"), 14.0 (CO,CH,CHj3),, 14.4 (C(3)-CO,CH,CH3), 38.3 (C-1),
50.7 (CH(CO,Et),), 61.5 (CO,CH,Me), 62.9 (CO,CH;Me),, 112.0 (C-3), 116.4 (d, 2Jc.r = 24.8 Hz, C-5),
122.6 (d, *Jc.r = 20.5 Hz, C-7), 130.6 (d, “Jc.r = 2.3 Hz, C-8a), 132.1 (d, Jc.r = 7.3 Hz, C-4a), 141.6 (d,
3Jc.r = 2.9 Hz, C-8), 152.0 (C-2), 157.0 (d, }Jc.r = 252 Hz, C-6), 164.3 (CO,Et), 165.1 (CO,EL),, 171.1 (d,
*Jc.r = 1.8 Hz, C-4). Anal. Calcd for CaHa3FN,Og (478.42 g mol™): C, 55.23; H, 4.85; N, 5.86. Found: C,
55.06; H, 4.82; N, 5.90.

7-(Carboxymethyl)-1-cyclopropyl-6-fluoro-8-nitro-1,4-dihydro-4-oxoquinoline-3-carboxylic acid (4)
Method (a): Trifluoroacetic acid (TFA) (2 mL) was added to a solution of 2b (1.0 g, 2.0 mmol) in CH,Cl,
at room temperature. The reaction mixture was stirred overnight, then concentrated under reduced
pressure and the residue treated with Et,O (10 mL) to induce crystallization. The crystals were collected
by suction filtration to give the title compound 4 (0.44 g, 63%). This product was recrystallized from
DMF as yellowish needles, mp 275-278 °C (dec). Likewise, treatment of 2a (1.6 g, 3 mmol) in CH,Cl,
with TFA (3 ml) for 24 h, and work-up of the reaction mixture as noted for 2b above, produced 4 (0.71 g,
68%). (KBr): v 3410, 3168, 3091, 3060, 2924, 2854, 1743, 1711, 1608, 1544, 1463, 1329, 1266, 1190,
1031 cm™. ESI-HRMS: Calcd for Ci5H10FN,O7 [M-H]: 349.04666. Found: 349.04775. *H NMR (300
MHz, DMSO-dg): 6 1.02 (m, 4H, Hy-2'/H,-3"), 3.71 (m, 1H, H-1'), 3.80 (d, *Ju.r = 1.5 Hz, 2H, CH,CO,H),
8.31 (d, ®J4r = 8.8 Hz, 1H, H-5), 8.81 (s, 1H, H-2), 13.15 (br s, 1H, CH,CO,H), 13.80 (br s, 1H,
C(3)-COzH). *C NMR (75 MHz, DMSO-dg): 6 10.9 (C-2'/C-3"), 32.5 (d, 3Jc.r = 2.9 Hz, CH,CO,H), 40.1
(C-1'), 109.3 (C-3), 114.3 (d, 2Jc.r = 24.7 Hz, C-5), 125.8 (d, 2Jc.r = 22.4 Hz, C-7), 128.6 (d, *Jc.r = 7.9
Hz, C-4a), 131.4 (d, *Jc.r = 2.7 Hz, C-8a), 142.2 (d, *Jcr = 3.6 Hz, C-8), 153.4 (C-2), 157.3 (d, "Jc.r=
249 Hz, C-6), 165.0 (C(3)-CO,H), 169.6 (CH,CO,H), 175.9 (d, “Jcr = 2.5 Hz, C-4). Anal. Calcd for
C1sH1:FN,07 (350.26 g mol™): C, 51.44; H, 3.17; N, 8.00. Found: C, 51.28; H, 3.20; N, 7.93.
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Method (b): Compound 3 (2.87 g, 6 mmol) and 6 N HCI (50 mL,) were heated at ~105 °C (oil bath, 110
°C ) for 20-30 min, and then at ~ 90 °C for 12 h. Thereafter, the reaction mixture was cooled to room
temperature, the resultant yellow solid product was collected, washed with water, and dried in vacuo.
Yield 1.22 g (58%). This product was identical in all respects with 4 as previously described in method

(a) above.

9-Cyclopropyl-4-fluoro-2,3,6,9-tetrahydro-2,6-dioxo-1H-pyrrolo[3,2-h]quinoline-7-carboxylic acid
(5)

Method (a): To a stirred and cooled (0-5 °C) solution of compound 4 (0.7 g, 2.0 mmol) in aqueous K,CO3
(3.85 g, 28 mmol/80 mL) was added, portionwise, a solution of Na,S,04 (2.6 g, 15 mmol/20 mL) in water
(20 mL). Following each addition, the solution acquired a dark brown color which shortly faded away
(1-2 min). Thereafter, the reaction mixture was stirred at room temperature for 15-20 min, and acidified
with 6 N HCI to pH 2-3. The precipitated solid product was collected by suction filtration, washed
successively with water, ethanol, CH,Cl, and recrystallized from DMSO. Yield 0.38 g (63%); mp
278-280 °C. (KBr): v 3458, 3284, 3085, 2922, 1743, 1722, 1618, 1533, 1464, 1339, 1273, 1195, 1079,
1050 cm™. ESI- HRMS: Calcd for Ci5H10FN,O4 [M-H]: 301.06301. Found: 301.06301. *H NMR (300
MHz, DMSO-dg): 6 1.18 (m, 2H) and 1.26 (m, 2H) (H,-2'/H,-3"), 3.81 (s, 2H, H>-3), 4.37 (m, 1H, H-1"),
7.69 (d, *Ju.r = 8.4 Hz, 1H, H-5), 8.67 (s, 1H, H-8), 10.61 (s, 1H, N(1)-H), 14.69 (s, 1H, CO,H). *C
NMR (75 MHz, DMSO-dg): ¢ 10.1 (C-2'/C-3'), 33.1 (C-3), 38.8 (C-1"), 104.3 (d, “Jc.r = 22.7 Hz, C-5),
106.8 (C-7), 120.4 (d, 2c.r = 25.3 Hz, C-3a), 125.1 (d, *Jc.r = 1.8 Hz, C-9a), 128.0 (d, *Jcr = 7.9 Hz,
C-5a), 136.6 (d, %Jc.r = 9.2 Hz, C-9b), 150.2 (C-8), 156.0 (d, *Jc.r = 244 Hz, C-4), 165.9 (CO,H), 176.0
(C-2), 177.3 (d, “Jc.r = 2.6 Hz, C-6). Anal. Calcd for CisH1.FN,0,4 (302.26 g mol™): C, 59.61; H, 3.67; N,
9.27. Found: C, 59.68; H, 3.58; N, 9.22.

Method (b): A solution of 4 (1.75 g, 5 mmol) in EtOH (50 mL) was hydrogenated at 30 °C and 20 psi in
the presence of 5% Pd/C. Under these conditions, 4 was completely converted into the corresponding title
product 5 within 1.5-2 h. Thereafter, the catalyst was removed by filtration, and the solution was
evaporated to dryness. The residue was triturated with cold EtOH (5 mL) and the solid suspension was
collected by suction filtration, washed with water and dried. Yield 0.92 g (61%). This product was

identical in all respects with 5 as previously described in method (a) above.

ANTIBACTERIAL TESTS
The minimal inhibitory concentrations (MICs) were determined by the conventional broth dilution

method using the two-serial dilution technique. The standardization of bacterial test suspension was
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carried out according to McFarland standard method as described by the National Committee for Clinical
Laboratories Standard (NCCLS, 1993). Stock solutions of the test compounds were prepared using
DMSO as the solvent. Serial dilutions were prepared to obtain test concentrations ranging from 100 ug
mL™- 0.015 ug mL™. Each tube was then inoculated with 0.1 mL of the cultured bacteria (containing
approximately 1-2 x 10® CFU mL™), mixed and incubated at 37 °C for 24 h. Growth inhibition with
concentrations at 128 pg mL™ or lower was carried out in duplicates. All test tubes showing
positive/negative growth were confirmed by the agar plate method. The results were recorded according
to presence and absence of growth. The MICs were calculated as the average concentration of the test

agent in the broth tubes showing consecutive positive and negative growth.
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