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Abstract 

4-(2-Nitrobenzoyl)isoxazoles are readily available from 3,5-disubstituted 4-iodoisoxazoles 

through iodine–lithium exchange and trapping with 2-nitrobenzaldeyde, followed by 

Jones oxidation of the obtained secondary alcohols. Reductive ring transformation by 

means of treatment with iron in acetic acid gives 2-substituted 3-acyl-4-quinolones. The 

mechanism of the cyclization reaction was elucidated by using appropriately substituted 

isoxazole building blocks and 2D NMR investigation of the products. In contrast, catalytic 

hydrogenation leaves the isoxazole ring untouched, whereas reduction with NaBH4/NiCl2 

gives 2-substituted 3-acylquinolines in an unprecedented reductive ring transformation. 

Keywords: 4-quinolones; isoxazoles; reductive ring transformation; iodination; quinoline 

synthesis 

 

1. Introduction 

The 4-quinolones are a small class of alkaloids isolated from biological sources 

(plants like the Evodia species and microorganisms like Pseudomonas and related species), 

and antibacterial, antiplasmodial, and cytotoxic activities have been reported for a couple 

of them [1]. These natural products are characterized by an alkyl, alkenyl or (hetero)aryl 

group at C-2, and some of them bear an additional substituent at C-3. N-Hydroxylation 

was detected in 4-quinolones exhibiting strong antibiotic activity, e.g., YM-30059 [2] and 

aurachin C [3]. 2-Pyrrolyl derivative penicinoline E exhibits strong cytotoxic activity [4]. 

Recently, naturally occuring 2-alkylquinolones like HHQ were identified as quorum 

sensing signal molecules in pathogenic Pseudomonas species, controlling the expression of 

virulence genes as a function of cell population density [1] (Figure 1A). The synthetic 

quorum sensing inhibitors derived thereof represent a promising new option for the treat-

ment of multidrug-resistant Pseudomonas aeruginosa infections [5]. Further, synthetic 4-

quinolones are an important scaffold in medicinal chemistry [6]. Appropriately 

substituted 4-quinolone-3-carboxylic acids, e.g., ciprofloxacin, targeting bacterial DNA 

gyrase (topoisomerase II/IV) are among the most important antibiotics. In this subclass, 

substituents at C-2 of the 4-quinolone scaffold are not tolerated [7]. Related compounds 

inhibit mammalian topoisomerases and are in development as anticancer agents [8]. The 

4-quinolone elvitegravir has been launched as an in inhibitor of HIV integrase [9], 2-alkyl- 

and 2-aryl-4-quinolone-3-carboxylates show antiplasmodial activities [10] (Figure 1B), 

and 3-unsubstitited 2-aryl-4-quinolones were patented as sirtuin activators [11]. 
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Figure 1. (A) Examples of bioactive 2,3-disubstituted 4-quinolone natural products. (B) Synthetic 

drugs with 4-quinolone backbone. 

4-Quinolones bearing alkyl or aryl residues at C-2 are readily accessible via tradi-

tional strategies like the Conrad–Limpach synthesis (from anilines and β–ketoesters), the 

Camps method (cyclization of ortho-acylaminoacetophenones) and the Niementowski re-

action (from anthranilic acid derivatives and ketones as well as variants using isatoic an-

hydride) [12–14]. In the field of 2-unsubstituted 3-substituted 4-quinolones plenty of work 

has been published on synthetic approaches during and after the boom of gyrase inhibitor 

development [6]. However, the aforementioned approaches are limited in application to 

the synthesis of 2,3-disubstituted 4-quinolones, and newer direct approaches frequently 

require the use of expensive transition-metal catalysts [15,16] or complex multi-carbonyl 

building blocks with limited options for structure variations [17]. Subsequent introduction 

of residues at C-2 of 3-substituted 4-quinolones is limited to special substitution pa�erns 

[18]. 

This prompted us to work out a novel approach to 2,3-disubstituted 4-quinolones. 

Our special focus was on the stereoselective approach to previously underinvestigated 3-

acyl derivatives, which should open up the possibility for subsequent strucure 

modifications in the process of drug discovery beyond antibacterial gyrase inhibitors. This 

new approach is based on our recent work on the application of reductive ring 

transformations of isoxazoles. This concept was applied to the synthesis of canthin-4-one 

alkaloids from isoxazol-4-yl-β-carbolines (Scheme 1A) [19], the synthesis of highly substi-

tuted β-carbolines from 2-acyl-3-(isoxazol-4-yl)indoles (Scheme 1B) [20] and the synthesis 

of 2-substituted 4-quinolones from 5-(2-nitrophenyl)isoxazoles. In the la�er method, 

simultaneous reductive cleavage of the isoxazole ring to the corresponding 

enaminoketone and reduction of the nitro group to a primary amine were performed by 

us with a NaBH4/NiCl2 reagent in order to keep olefinic bonds unaffected [21]. Similar 

conversions with unproblematic residues were performed earlier by Coffman [22] using 

Fe/AcOH as the reducing agent, and by Sakamoto [23] using H2/Raney nickel (Scheme 1C). 

Hereby the 4-oxo group of the quinolone arises from C-5 and the ring oxygen of the isox-

azole. In our new concept (Scheme 1D), we utilized 4-(2-nitroaroyl)isoxazole building 

blocks instead of the 5-(2-nitrophenyl)isoxazoles. Upon reductive ring cleavage and 

reduction of the nitro group, the carbonyl group of the starting material would end up as 

the 4-oxo group of the quinolone, while the components of the 3,5-disubstituted isoxazole 

would provide C-2 and C-3 of the quinolone ring system as well as an alkyl or aryl residue 
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at C-2 and an acyl residue at C-3 upon condensation with the newly formed primary 

amino group. The aroyl-isoxazole building blocks should be available through standard 

methods of diarylketone synthesis. 

 

Scheme 1. Reductive isoxazole transformations previously utilized in the Bracher group for the syn-

thesis of (A) canthin-4-ones, (B) β-carbolines, and (C) 2-substituted 4-quinolones, and novel strategy 

(D) for the reductive conversion of 4-(2-nitroaroyl)isoxazoles into 2-substituted 3-acyl-4-quinolones. 

2. Materials and Methods 

Solvents and reagents were purchased from commercial suppliers and used without 

further purification. Reactions were monitored by thin-layer chromatography (TLC) using 

POLYGRAM SIL G/UV254 polyester sheets coated with 0.2 mm silica gel (Macherey-

Nagel, Düren, Germany). Products were purified by flash column chromatography (FCC) 

using Kieselgel 60 (0.040–0.063 mm) from Merck (Darmstadt, Germany). NMR spectra 

were recorded on Avance III HD 400 MHz Bruker BioSpin and Avance III HD 500 MHz 

Bruker BioSpin instruments (1H-NMR: 400 MHz and 500 MHz, 13C-NMR: 101 MHz and 

126 MHz) (Bruker, Billerica, MA, USA). Chemical shifts (δ) are given in parts per million 

(ppm) and are referenced to the respective residual solvent peak. Multiplicities are de-

noted as follows: s—singlet; d—doublet; t—triplet; q—quartet; and m—multiplet. Cou-

pling constants (J) are given in Hz. Infrared spectra were recorded on a Perkin Elmer Spec-

trum BX-59343 FT-IR instrument (Perkin Elmer, Shelton, CT, USA) using a Smiths Detec-

tion DuraSamp IR II Diamond ATR sensor (Smiths Detection, Danbury, CT, USA) for de-

tection. High-resolution mass spectra (HR-MS) were recorded using a Jeol MStation 700 

or JMS GCmate II Jeol instrument (Jeol, Tokyo, Japan) for electron impact ionization (EI). 

The Thermo Finnigan LTQ (Thermo Finnigan, Somerset, NJ, USA) was used for elec-

trospray ionization (ESI). Melting points were determined with a Büchi apparatus B-540 

(Büchi, Flawil, Swi�erland). 

4-Iodo-3,5-dimethylisoxazole (2). A solution of 3,5-dimethylisoxazole (1, 4.86 g, 50.0 

mmol, 1.00 eq), iodine (6.98 g, 27.5 mmol, 0.55 eq), and ceric ammonium nitrate (15.4 g, 

27.5 mmol, 0.55 eq) in acetonitrile (175 mL) was stirred at room temperature for 18 h. After 

the reaction was completed, the solvent was removed under reduced pressure. The resi-

due was dissolved in ethyl acetate, and the organic layer was washed sequentially with 

5% (w/v) aqueous sodium bisulphite solution and brine. The organic phase was dried over 

anhydrous magnesium sulphate and evaporated to dryness under reduced pressure. The 

pure product was obtained as a white solid (11.1 g, 49.9 mmol, 50.0 mmol, quant.), m.p. 

50–52 °C. 1H NMR (400 MHz, CDCl3) δ (ppm) 2.43 (s, 3H, 5-CH3), 2.25 (s, 3H, 3-CH3). 13C 

NMR (101 MHz, CDCl3) δ (ppm) 170.2 (C5), 161.7 (C3), 60.3 (C4), 12.7 (5-CH3), 12.3 (3-
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CH3). IR (ATR): ṽ (cm−1) 2986, 2948, 1685, 1477, 1440, 1286, 1115, 1074, 926, 787, 699. HRMS 

(EI): m/z calculated for C5H6INO•+: 222.9489 [M]•+, found: 222.9487. 

(3,5-Dimethylisoxazol-4-yl)(2-nitrophenyl)methanol (3). A solution of 4-iodo-3,5-

dimethylisoxazole (2, 4.07 g, 18.3 mmol, 1.00 eq) in diethyl ether (61 mL) was cooled to 

−53 °C. A 2.5 M solution of n-butyllithium in hexanes (7.31 mL, 18.3 mmol, 1.00 eq) was 

added dropwise, ensuring that the temperature did not exceed −50 °C during the addition. 

The resulting mixture was stirred at −53 °C for 5.5 h, then a solution of 2-nitrobenzalde-

hyde (2.62 g, 17.4 mmol, 0.95 eq) in THF (17 mL) was added dropwise. The reaction mix-

ture was stirred at −53 °C for 1 h, then quenched by the addition of water. The organic 

phase was separated, and the aqueous layer was extracted with diethyl ether (2 × 50 mL). 

The combined organic extracts were dried over anhydrous sodium sulfate and concen-

trated in vacuo. Purification by flash column chromatography (FCC) (i-hexane:ethyl ace-

tate, (8:2 → 2:8)) afforded a yellow oil (4.14 g, 16.7 mmol, 96%), which crystallized after 

four days. M.p. 103–105 °C. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.97 (dd, J = 8.1, 1.3 Hz, 

1H, 3′-H), 7.88 (dt, J = 7.8, 1.2 Hz, 1H, 6′-H), 7.68 (td, J = 7.6, 1.2 Hz, 1H, 5′-H ), 7.50 (dddd, 

J = 8.0, 7.4, 1.5, 0.5 Hz, 1H, 4′-H), 6.40 (d, J = 3.7 Hz, 1H, CHOH), 2.80 (d, J = 4.2 Hz, 1H, 

OH), 2.23 (s, 3H, 5-CH3), 2.03 (s, 3H, 3-CH3). 13C NMR (101 MHz, CDCl3) δ 167.2 (C5), 159.1 

(C3), 148.0 (C2′), 136.7 (C1′), 133.5 (C5′), 129.1 (C4′), 128.6 (C6′), 125.3 (C3′), 114.4 (C4), 63.5 

(CHOH), 11.6 (5-CH3), 10.7 (3-CH3). IR (ATR): ṽ (cm−1) 3361, 3100, 1590, 1520, 1335, 1115, 

1029, 867, 855, 795, 719. HRMS (ESI): m/z calculated for C12H13N2O4+: 249.08698 [M+H]+, 

found 249.08714. 

(3,5-Dimethylisoxazol-4-yl)(2-nitrophenyl)methanone (4). (3,5-Dimethylisoxazol-4-

yl)(2-nitrophenyl)-methanol (3, 249 mg, 1.00 mmol, 1.00 eq) was dissolved in 5 mL of gla-

cial acetic acid under stirring. Chromium trioxide (CrO3, 201 mg, 2.01 mmol, 2.01 eq) was 

then added to the solution. The reaction mixture was heated to 70 °C and maintained at 

this temperature for 3 h. Upon complete consumption of the starting material (TLC con-

trol), the reaction mixture was diluted with water and extracted with dichloromethane 

(DCM, 3 × 50 mL). The combined organic layers were dried over anhydrous sodium sul-

fate and concentrated under reduced pressure to yield the desired product as a green-

yellow solid (233 mg, 0.95 mmol, 94% yield), m.p. 91–93 °C. 1H NMR (400 MHz, CDCl3) δ 

8.22 (dd, J = 8.2, 1.2 Hz, 1H, 3′-H), 7.81 (td, J = 7.5, 1.2 Hz, 1H, 5′-H), 7.70 (ddd, J = 8.2, 7.5, 

1.5 Hz, 1H, 4′-H), 7.43 (dd, J = 7.5, 1.5 Hz, 1H, 6′-H), 2.24 (s, 3H, 5-CH3), 2.23 (s, 3H, 3-CH3). 
13C NMR (101 MHz, CDCl3) δ 187.0 (CO), 174.9 (C5), 159.5 (C3), 146.2 (C2′), 136.8 (C1′), 

134.7 (C5′), 131.1 (C4′), 127.9 (C6′), 124.9 (C3′), 116.2 (C4), 13.4 (5-CH3), 11.7 (3-CH3). IR 

(ATR): ṽ (cm−1) 3110, 1662, 1570, 1518, 1399, 1330, 1157, 902, 854, 791, 700. HRMS (ESI): m/z 

calculated for C12H10N2NaO4+: 269.0533 [M+Na]+, found: 269.0533. 

1-(2-Methylquinolin-3-yl)ethan-1-one (6). A solution of (3,5-dimethylisoxazol-4-

yl)(2-nitrophenyl)methanone (4, 0.65 mmol, 159 mg, 1.00 eq) in 6.5 mL MeOH and 2.6 mL 

THF was treated with NiCl2•6H2O (0.65 mmol, 154 mg, 1.00 eq) and cooled to 0 °C. So-

dium borohydride (2.47 mmol, 93.6 mg, 3.83 eq) was then added. After the gas evolution 

had ceased, the ice bath was removed, and the reaction mixture was stirred for an addi-

tional 30 min at room temperature. The mixture was then poured into 100 mL EtOAc and 

washed with 60 mL H2O. The aqueous layers were extracted with EtOAc (4 × 40 mL), and 

the combined organic phases were dried over Na2SO4 and evaporated. The resulting res-

idue was purified by flash column chromatography (FCC) using a DCM-MeOH gradient 

(from 100% to 98% DCM), yielding the product as a dark yellow solid (44 mg, 0.238 mmol, 

37%), m.p. 72–74 °C. 1H NMR (500 MHz, CDCl3) δ 8.48 (s, 1H, 4-H), 8.04 (dd, J = 8.5, 1.0 

Hz, 1H, 5-H), 7.86 (dd, J = 8.1, 1.4 Hz, 1H, 8-H), 7.79 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H, 6-H), 7.56 

(ddd, J = 8.1, 6.9, 1.2 Hz, 1H, 7-H), 2.91 (s, 3H, 2-CH3), 2.72 (s, 3H, 3-COCH3). 13C NMR (126 

MHz, CDCl3) δ 200.1 (3-CO), 157.8 (C2), 148.5 (C8a), 138.3 (C4), 131.8 (C6), 131.3 (C3), 128.8 

(C5), 128.5 (C8), 126.8 (C7), 125.8 (C4a), 29.4 (3-COCH3), 25.8 (2-CH3). IR (ATR): ṽ (cm−1) 
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3058, 2962, 1704, 1677, 1623, 1559, 1417, 1197, 813, 778. HRMS (ESI): m/z calculated for 

C12H12NO+: 186.09134 [M+H]+; found: 186.09104. 

3,5-Dimethyl-4-(2-nitrobenzyl)isoxazole (7). Trimethylsilyl chloride (0.38 mL, 3.0 

mmol) and potassium iodide (498 mg, 3.00 mmol) were dissolved in 10 mL acetonitrile 

and the mixture stirred at r.t. for 30 min to generate trimethylsilyl iodide in situ. A solution 

of (3,5-dimethylisoxazol-4-yl)(2-nitrophenyl)-methanol (3, 124 mg, 0.500 mmol) in dis-

tilled water (0.38 mL) was added and the mixture stirred for 30 min before removing the 

solvent. The residue was treated with water (20 mL), stirred for another 30 min and then 

extracted with Et2O (3 × 20 mL). The combined organic phases were washed with a satu-

rated sodium sulphate solution, dried with a hydrophobic filter and evaporated. The res-

idue was purified by column chromatography (i-hexane/ethyl acetate = 9:1) affording 3,5-

dimethyl-4-(2-nitrobenzyl)isoxazole (7) (32.1 mg, 0.138 mmol, 27%) as an orange-red solid. 
1H NMR (500 MHz, CDCl3) δ 7.97 (dd, J = 8.1, 1.4 Hz, 1H, 3”-H), 7.52 (td, J = 7.5, 1.4 Hz, 

1H, 5”-H), 7.41 (ddd, J = 8.0, 7.4, 1.5 Hz, 1H, 4”-H), 7.13 (dd, J = 7.8, 1.2 Hz, 1H, 6”-H), 4.02 

(s, 2H, 1′-H), 2.26 (s, 3H, CH3), 2.04 (s, 3H, CH3). 13C NMR (126 MHz, CDCl3) δ 166.43 (C-

3), 159.88 (C-5), 149.22 (C-2”), 133.57 (C-5”), 133.22 (C-1”), 130.55 (C-6”), 127.81 (C-4”), 

125.08 (C-3”), 110.18 (C-4), 25.30 (C-1′), 11.02 (CH3), 10.26 (CH3). HRMS (ESI): m/z [M]+ 

calculated for C12H13N2O3+ 233.09207, found: 233.09219. 

(2-Aminophenyl)(3,5-dimethylisoxazol-4-yl)methanone (8). (3,5-Dimethylisoxazol-

4-yl)(2-nitrophenyl)methanone (4, 94 mg, 0.38 mmol, 1 eq) was dissolved in 10 mL of 

MeOH and 10% Pd/C (4.1 mg, 0.04 mmol, 0.1 eq) was then added. The mixture was stirred 

under hydrogen under atmospheric pressure overnight. Then the catalyst is filtered off 

over Celite®, and the filtrate was concentrated under vacuum. The crude product is then 

purified by column chromatography (DCM, then DCM: MeOH = 98:2) affording a yellow 

solid (67 mg, 0.31 mmol, 81% yield), m.p. 68–69 °C. 1H NMR (400 MHz, DMSO-d6) δ 7.34–

7.26 (m, 2H, 4′-H, 6′-H), 7.13 (s, 2H, 2′-NH2), 6.83 (dd, J = 8.8, 1.1 Hz, 1H, 3′-H), 6.54 (ddd, 

J = 8.0, 7.0, 1.1 Hz, 1H, 5′-H), 2.29 (s, 3H, 5-CH3), 2.19 (s, 3H, 3-CH3). 13C NMR (101 MHz, 

DMSO-d6) δ 190.2 (CO), 169.3 (C5), 158.6 (C3), 151.4 (C2′), 134.8 (C6′), 133.1 (C4′), 117.2 

(C1′), 116.9 (C3′), 116.9 (C4), 114.6 (C5′), 12.5 (5-CH3), 10.5 (3-CH3). IR (ATR): ṽ (cm−1) 3459, 

3361, 3110, 1650, 1600, 1525, 1150, 902, 854, 791, 700. HRMS (ESI): m/z calculated for 

C12H13N2O2+: 217.09715 [M+H]+; found: 217.09699. 

3-Acetyl-2-methylquinolin-4(1H)-one (5). (2-Aminophenyl)(3,5-dimethylisoxazol-4-

yl)methanone (19, 67 mg, 0.31 mmol, 1 eq) was dissolved in glacial acetic acid (10 mL) in 

a round-bo�om flask. Iron powder (310 mg, 5.55 mmol, 18 eq) was added, and the reaction 

mixture was heated to 120 °C. After full consumption of the starting material (TLC control) 

the solids were removed by filtration and the filtrate was extracted with dichloromethane 

(DCM). The organic phase was dried over anhydrous sodium sulphate, concentrated un-

der reduced pressure, and purified by column chromatography (EtOAC:isohexane = 7:3) 

to afford the desired product as a pale yellow solid (33 mg, 0.31 mmol, 53%), m.p. 254–

255 °C. 1H NMR (400 MHz, DMSO-d6) δ 11.90 (s, 1H, NH), 8.11 (dd, J = 8.0, 1.5 Hz, 1H, 5-

H), 7.68 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H, 7-H), 7.54 (dt, J = 8.3, 0.9 Hz, 1H, 8-H), 7.36 (ddd, J = 

8.1, 7.0, 1.1 Hz, 1H, 6-H), 2.51 (s, 3H, 3-COCH3), 2.44 (s, 3H, 2-CH3). 13C NMR (101 MHz, 

DMSO-d6) δ 202.0 (3-COCH3), 175.8 (C4), 152.0 (C2), 139.2 (C8a), 132.8 (C7), 125.9 (C4a), 

125.6 (C5), 124.5 (C6), 120.7 (C3), 118.4 (C8), 32.4 (3-COCH3), 19.5 (2-CH3). IR (ATR): ṽ 

(cm−1) 3295, 3018, 2875, 1671, 1548, 1509, 1346, 756. HRMS (EI): m/z calculated for 

C12H12NO•+: 201.0784 [M]•+; found: 201.0783. 

3-Ethyl-4-iodo-5-phenylisoxazole (11a). N-Iodosuccinimide (3.23 g, 13.9 mmol, 2.00 

eq) was added to a suspension of 3-ethyl-5-phenylisoxazole (9, 1.21 g, 6.96 mmol, 1.00 eq) 

in acetonitrile (50 mL). Ammonium cerium(IV) nitrate (973 mg, 1.74 mmol, 0.25 eq) was 

added, and the mixture was heated to reflux for 90 min, forming a red solution. The reac-

tion mixture was allowed to cool and was concentrated in vacuo to yield a red-coloured 
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gum. The residue was dissolved in ethyl acetate (150 mL) and prepared as a dry load, then 

purified via flash chromatography with isohexane/ethyl acetate (9:1). After purification, 

residual iodine (I2) was still present. The resulting red-brown solid was dissolved in ethyl 

acetate, extracted with sodium thiosulfate solution (Na2S2O3) and brine, then dried over 

anhydrous sodium sulphate (Na2SO4). The solvent was removed in vacuo to yield a white 

solid (1.92 g, 6.43 mmol, 92%), m.p. 71–73 °C. 1H NMR (400 MHz, CDCl3) δ 8.07–7.98 (m, 

2H, 2′-H, 6′-H), 7.55–7.42 (m, 3H, 3′-H, 5′-H, 4′-H), 2.73 (q, J = 7.5 Hz, 2H, CH2), 1.36 (t, J = 

7.5 Hz, 3H, CH3). 13C NMR (101 MHz, CDCl3) δ 167.6 (C5), 167.0 (C3), 130.6 (C4′), 128.8 

(C3′, C5′), 127.5 (C2′, C6′), 127.5 (C1′), 57.1 (C4), 21.0 (CH2), 12.0 (CH3). IR (ATR): ṽ (cm−1) 

2978, 2938, 1568, 1376, 1097, 1074, 1051, 767, 691. HRMS (EI): m/z calculated for 

C11H10INO•+: 298.9802 [M]•+; found: 298.9801. 

2-Phenyl-3-propionylquinolin-4(1H)-one (14a). (Step 1) A solution of 3-ethyl-4-

iodo-5-phenylisoxazole (11a, 1.91 g, 6.39 mmol, 1.00 eq) in diethyl ether (0.3 M, 22 mL) 

was cooled to −53 °C. A 2.5 M solution of n-butyllithium in hexanes (2.56 mL, 6.40 mmol, 

1.00 eq) was then added dropwise, ensuring that the temperature did not exceed −50 °C 

during the addition. The resulting suspension was stirred at −53 °C for 5.5 h, after which 

a solution of 2-nitrobenzaldehyde (875 mg, 5.79 mmol, 0.91 eq) in tetrahydrofuran (THF) 

(1 M, 5.8 mL) was added dropwise. The reaction mixture was stirred at −53 °C for 1 h, then 

quenched by the addition of water. The organic phase was separated, and the aqueous 

layer was extracted with diethyl ether (2 × 50 mL). The combined organic extracts were 

dried over anhydrous sodium sulphate and concentrated in vacuo to afford (3-ethyl-5-phe-

nylisoxazol-4-yl)(2-nitrophenyl)methanol (12a), corresponding to 41% yield based on 

crude material. 

(Step 2) Crude (3-ethyl-5-phenylisoxazol-4-yl)(2-nitrophenyl)methanol (12a, 803 mg, 

2.48 mmol, 1.00 eq) was dissolved in 50 mL of glacial acetic acid under stirring. Chromium 

trioxide (495 mg, 4.95 mmol, 2.00 eq) was then added to the solution. The reaction mixture 

was heated to 70 °C and maintained at this temperature for 3 h. Reaction progress was 

monitored by thin-layer chromatography (TLC). Upon complete consumption of the start-

ing material the reaction mixture was diluted with water (100 mL) and extracted with 

dichloromethane (DCM, 3 × 50 mL). The combined organic layers were dried over anhy-

drous sodium sulphate and concentrated under reduced pressure to yield (3-ethyl-5-phe-

nylisoxazol-4-yl)(2-nitrophenyl)methanone (13a) as a greenish-yellow solid, correspond-

ing to a 41% yield based on the crude material. This product was used as is for the next 

reaction. 

(Step 3) To a solution of (3-ethyl-5-phenylisoxazol-4-yl)(2-nitrophenyl)methanone 

(13a, 322 mg, 1.00 mmol, 1.00 eq) in 10 mL glacial acetic acid, iron powder (1.01 g, 18.0 

mmol, 18.0 eq) was added. The reaction mixture was stirred at 120 °C for 3 h and moni-

tored by TLC until the starting material was consumed. After cooling to room temperature, 

the mixture was filtered, and the filtrate was neutralized by careful addition of a saturated 

aqueous solution of sodium bicarbonate. The aqueous phase was extracted with ethyl ac-

etate (3 × 50 mL). The combined organic layers were washed with brine, dried over so-

dium sulphate, and concentrated under reduced pressure. The crude residue was purified 

by flash column chromatography on silica gel using isohexane/ethyl acetate (1:1) as the 

eluent, yielding a pale-yellow solid (83.4 mg, 3.01 mmol, 30%), m.p. 240–242 °C. 1H NMR 

(400 MHz, DMSO-d6) δ 12.02 (s, 1H, NH), 8.15 (dd, J = 8.0, 1.4 Hz, 1H, 5-H), 7.74–7.68 (m, 

1H, 8-H), 7.56–7.45 (m, 5H, 2′-H, 3′-H, 4′-H, 5′-H, 6′-H), 7.40 (ddd, J = 8.1, 6.4, 1.7 Hz, 1H, 

6-H), 2.76 (q, J = 7.3 Hz, 2H, CH2), 0.90 (t, J = 7.3 Hz, 3H, CH3). 13C NMR (101 MHz, DMSO-

d6) δ 205.0 (3-COCH2CH3), 174.8 (C4), 149.5 (C2), 139.4 (C8a), 134.2 (C1′), 132.5 (C7), 129.9 

(C4′), 128.6 (C3′, C5′), 128.5 (C2′, C6′), 125.0 (C4a), 125.0 (C5), 124.1 (C6), 122.3 (C3), 118.8 

(C8), 37.1 (CH2), 8.0 (CH3). IR (ATR): ṽ (cm−1) 3063, 2980, 2939, 1697, 1570, 1509, 1351, 759, 

701. HRMS (ESI): m/z calculated for C18H16NO2+: 278.11756 [M+H]+; found: 278.11786. 
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5-Ethyl-4-iodo-3-methylisoxazole (11b). N-Iodosuccinimide (3.27 g, 14.1 mmol, 1.10 

eq) was added to a suspension of 5-ethyl-3-methylisoxazole (1.42 g, 12.8 mmol, 1.00 eq) in 

acetonitrile (50 mL). Ammonium cerium(IV) nitrate (7.88 g, 14.1 mmol, 1.10 eq) was added, 

and the mixture was heated to reflux for 90 min, forming a red solution. The reaction 

mixture was allowed to cool and was concentrated in vacuo to yield a red-coloured semi-

solid. The residue was dissolved in ethyl acetate (150 mL), and the organic layer was 

washed sequentially with water (2 × 100 mL), 10% (w/v) sodium thiosulphate solution (2 

× 100 mL), water (100 mL), and saturated sodium chloride solution (100 mL). It was then 

dried over anhydrous magnesium sulphate and evaporated to afford the product as an 

orange oil (1.972 g, 8.32 mmol, 59%). 1H NMR (400 MHz, CDCl3) δ 2.78 (q, J = 7.7 Hz, 2H, 

CH2), 2.25 (s, 3H, 3-CH3), 1.27 (t, J = 7.6 Hz, 3H, 5-CH2CH3). 13C NMR (126 MHz, CDCl3) δ 

174.3 (C5), 161.7 (C3), 59.0 (C4), 20.7 (CH2), 12.3 (3-CH3), 11.7 (5-CH2CH3). IR (ATR): ṽ (cm−1) 

2983, 1737, 1372, 1235, 1043, 846. HRMS (EI): m/z calculated for C6H8INO•+: 236.9645 [M]•+; 

found: 236.9645. 

(5-Ethyl-3-methylisoxazol-4-yl)(2-nitrophenyl)methanol (12b). A solution of 5-

ethyl-4-iodo-3-methylisoxazole (11b, 1.78 g, 7.51 mmol, 1.00 eq) in 50 mL diethyl ether 

was cooled to −53 °C. A 2.5 M solution of n-butyllithium in hexanes (3.03 mL, 7.59 mmol, 

1.01 eq) was then added dropwise, ensuring that the temperature did not exceed −50 °C 

during the addition. The resulting mixture was stirred at −53 °C for 5.5 h, and then a so-

lution of 2-nitrobenzaldehyde (1.15 g, 7.59 mmol, 1.01 eq) in tetrahydrofuran (7.6 mL) was 

added dropwise. The reaction mixture was stirred at −53 °C for 1 h, then quenched by the 

addition of water. The organic phase was separated, and the aqueous layer was extracted 

with diethyl ether (2 × 50 mL). The combined organic extracts were dried over anhydrous 

sodium sulphate (Na2SO4) and concentrated in vacuo. Purification by flash column chro-

matography isohexane/ethyl acetate (7:3) afforded the product as a yellow solid (875 mg, 

3.34 mmol, 44%). 1H NMR (400 MHz, CDCl3) δ 7.96 (dd, J = 8.1, 1.4 Hz, 1H, 3′-H), 7.86 (dt, 

J = 7.9, 1.2 Hz, 1H, 6′-H), 7.67 (td, J = 7.6, 1.4 Hz, 1H, 5′-H), 7.50 (dddd, J = 8.0, 7.4, 1.5, 0.6 

Hz, 1H, 4′-H), 6.41 (d, J = 3.9 Hz, 1H, CH), 2.79 (d, J = 4.3 Hz, 1H, OH), 2.60 (q, J = 7.6 Hz, 

2H, CH2), 2.04 (s, 3H, 3-CH3), 1.16 (t, J = 7.6 Hz, 3H, 5-CH2CH3). 13C NMR (101 MHz, CDCl3) 

δ 171.8 (C5), 159.0 (C3), 148.1 (C2′), 136.8 (C1′), 133.4 (C5′), 129.0 (C4′), 128.6 (C6′), 125.3 

(C3′), 113.5 (C4), 63.5 (COH), 19.6 (CH2), 12.1 (5-CH2CH3), 10.8 (3-CH3). IR (ATR): ṽ (cm−1) 

3358, 3100, 1585, 1517, 1465, 1115, 1029, 867, 855, 795, 750. LRMS (ASAP): m/z calculated 

for C13H15N2O4+: 263.1 [M+H]+; found: 263.1. 

(5-Ethyl-3-methylisoxazol-4-yl)(2-nitrophenyl)methanone (13b). (5-Ethyl-3-me-

thylisoxazol-4-yl)(2-nitrophenyl)methanol (12b, 875 mg, 3.34 mmol, 1.00 eq) was dis-

solved in 10 mL of glacial acetic acid under stirring. Chromium trioxide (666 mg, 6.66 

mmol, 2.00 eq) was added and the reaction mixture was heated to 70 °C and maintained 

at this temperature for 3 h. Then the reaction mixture was diluted with water and ex-

tracted with dichloromethane (3 × 50 mL). The combined organic layers were dried over 

anhydrous sodium sulfate and concentrated under reduced pressure to yield the desired 

product as a greenish-yellow viscous mass (698 mg, 2.68 mmol, 81% yield). 1H NMR (400 

MHz, CDCl3) δ 8.21 (dd, J = 8.3, 1.2 Hz, 1H, 3′-H), 7.80 (td, J = 7.5, 1.2 Hz, 1H, 5′-H), 7.70 

(ddd, J = 8.2, 7.5, 1.5 Hz, 1H, 4′-H), 7.43 (dd, J = 7.5, 1.5 Hz, 1H, 6′-H), 2.62 (q, J = 7.6 Hz, 

2H, CH2), 2.17 (s, 3H, 3-CH3), 1.19 (t, J = 7.6 Hz, 3H, 5-CH2CH3). 13C NMR (101 MHz, CDCl3) 

δ 187.0 (CO), 179.4 (C5), 159.3 (C3), 146.3 (C2′), 137.0 (C1′), 134.6 (C5′), 131.2 (C4′), 128.0 

(C6′), 124.9 (C3′), 115.2 (C4), 21.1 (CH2), 11.7 (3-CH3), 11.3 (5-CH2CH3). IR (ATR): ṽ (cm−1) 

3108, 2918, 1660, 1569, 1516, 1460, 1383, 1329, 1156, 891, 781. HRMS (ESI): m/z calculated 

for C13H13N2O4+: 261.08698 [M+H] +; found: 261.08704. 

3-Acetyl-2-ethylquinolin-4(1H)-one (14b). To a solution of (5-ethyl-3-methylisoxa-

zol-4-yl)(2-nitrophenyl)methanone (13b, 260 mg, 1.00 mmol, 1.00 eq) in 10 mL glacial ace-

tic acid, iron powder (1.01 g, 18.0 mmol, 18.0 eq) was added. The reaction mixture was 
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stirred at 120 °C for 24 h. After cooling to room temperature, the solids were removed by 

filtration and the filtrate was neutralized by careful addition of a saturated aqueous solu-

tion of sodium bicarbonate. The aqueous phase was extracted with ethyl acetate (3 × 50 

mL). The combined organic layers were washed with brine, dried over sodium sulphate, 

and concentrated under reduced pressure, yielding the product as a pale-yellow solid (115 

mg, 0.53 mmol, 53%), m.p. 252–254 °C. 1H NMR (400 MHz, DMSO-d6) δ 11.86 (s, 1H, NH), 

8.14–8.06 (m, 1H, 5-H), 7.73–7.63 (m, 1H, 7-H), 7.60–7.50 (m, 1H, 8-H), 7.36 (ddt, J = 8.0, 5.9, 

1.1 Hz, 1H, 6-H), 2.70 (q, J = 7.5 Hz, 2H, CH2), 2.50 (s, 3H, 3-COCH3), 1.24 (t, J = 7.5 Hz, 3H, 

2-CH2CH3). 13C NMR (101 MHz, DMSO-d6) δ 202.13 (3-CO), 175.61 (C4), 155.91 (C2), 139.07 

(C8a), 132.40 (C7), 125.26 (C4a), 125.08 (C5), 123.98 (C6), 120.11 (C3), 118.12 (C8), 31.96 (3-

COCH3), 25.35 (CH2), 14.38 (2-CH2CH3). IR (ATR): ṽ (cm−1) 3273, 3059, 2932, 1682, 1579, 

1505, 1476, 1351, 757. HRMS (ESI): m/z calculated 

3. Results 

3.1. Aroylisoxazole Intermediates 

For the proof of concept, we used cheap, commercially available 3,5-dimethylisoxa-

zole (1) as the building block for the construction of the 4-aroylisoxazole intermediate. 

Standard protocols for the construction of such ketones utilize 4-metalated isoxazoles (de-

rived from the corresponding bromo or iodo derivatives) and react them with acylating 

agents (nitriles, tertiary carboxamides) [24]; alternatively aldehydes can be employed, 

with subsequent oxidation of the formed secondary alcohols to the required ketones [25]. 

We selected 4-iodo-3,5-dimethylisoxazole (2) as the intermediate, which is available 

through direct iodination of 3,5-dimethylisoxazole (1). A published protocol from a patent 

[26] using nitric acid and iodine gave only poor yields (17–36%). To circumvent this issue, 

alternative iodination methods were explored. A protocol developed by us [20] for the 

bromination of arylisoxazoles using NBS was adapted, and, in fact, iodination of 1 with 

N-iodosuccinimide in glacial acetic acid gave the target compound in 84% yield. Finally, 

a method reported by Gutierrez et al. [27] employing iodine/ceric ammonium nitrate in 

acetonitrile gave the iodoisoxazole 2 in quantitative yield. Using a slightly modified pro-

tocol by Kalish et al. [25], an iodine–lithium exchange on 4-iodo-3,5-dimethylisoxazole (2) 

with n-BuLi followed by reaction with 2-nitrobenzaldehyde gave the secondary alcohol 3 

in 96% yield. Finally, the desired aroylisoxazole intermediate 4 was obtained in 94% yield 

by Jones oxidation with CrO3 in glacial acetic acid (Scheme 2). 

O
N

1. n-BuLi, THF, −53 °C

O
N

I CHO
NO2

−53 °C to rt

NO2 OH
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1 2 3 4

I2, CAN,

ACN, rt

quant.

2.

96%

NO2 O
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Scheme 2. Synthesis of the aroylisoxazole intermediate 4. 

3.2. Reductive Ring Transformations 

For the envisaged 4-aroylisoxazole-to-4-quinolone ring transformation a reducing 

agent also able to reduce the nitroarene to an aniline and cleave the isoxazole ring to an 

enaminone was required. So we selected the NaBH4/NiCl2 system which we had previ-

ously applied to the synthesis of 4-quinolones by reductive ring transformation of 5-(2-

nitrophenyl)isoxazoles (Scheme 1C) [21]. According to the literature [28], the reduction of 

nickel(II) salts by sodium borohydride leads to the formation of nickel boride (Ni2B) as a 

heterogeneous catalyst for catalytic hydrogenation reactions. Additionally, Ni2B catalyzes 
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the decomposition of NaBH4 in protic solvents leading to in situ generation of hydrogen 

gas. However, treating aroylisoxazole 4 with NaBH4/NiCl2 in methanol resulted in the 

formation of a product whose MS and NMR data did not fit with the expected 4-quinolone 

5. Rather, this product was identified as 3-acetyl-2-methylquinoline (6), and the analytical 

data were in full accordance with the published values for 6 prepared by Friedländer syn-

thesis [29]. This unexpected outcome includes a deoxygenation at C-4 of the quinoline 

ring system, which is most likely the result of an undesired reduction of the keto group to 

a secondary alcohol combined with an aromatization under dehydration after ring closure 

of the enaminone intermediate. The proposed mechanism is summarized in Scheme 3. 

 

Scheme 3. Proposed mechanism for the formation of the observed quinoline 6. 

This hypothesis is supported by the fact that the corresponding secondary alcohol 3 

(Scheme 2), when treated with the same NaBH4/NiCl2 system, gave 3-acetyl-2-

methylquinoline (6) in comparable yield (35%). To evaluate the scope of this novel 3-

acylquinoline synthesis, we investigated alternative reducing agents which should also be 

able to reduce both the nitro group and the isoxazole ring (Table 1): Pd-catalyzed hydro-

genation [30] of 3 gave product 6 in 19% yield and the Fe/AcOH system [31] gave the 

product in 15% yield, whereas no product could be isolated after Zn/AcOH [32] treatment. 

Reduction with Mo(CO)6/water [33] gave the target compound in 13% yield, whereas re-

action with iodotrimethylsilane (TMSI)/water, a reagent described by Boruah et al. [34] 

for the reductive cleavage of isoxazolidines and 2,1-benzisoxazoles, resulted in deoxygen-

ation of the diarylcarbinol, but did not affect the isoxazole ring and the nitro group. The 

4-(nitrobenzyl)isoxazole 7 was obtained in poor yield (27%). This outcome is in accord-

ance with a report on TMSI-mediated deoxygenations of benzylic alcohols in the presence 

of nitro groups [35]. 

Table 1. Exploration of different reaction conditions for the formation of quinolone 6. 

 
Entry Reducing Agent Educt Solvent Conditions Product (Yield) 

1 NaBH4/NiCl2 4 MeOH, THF 0 °C, 30 min 6 (37%) 

2 NaBH4/NiCl2 3 MeOH, THF 0 °C, 30 min 6 (35%) 

3 Pd/H2 3 EtOH r.t., 24 h 6 (19%) 

4 Zn/AcOH 3 AcOH 90 °C, o.n. none 

5 Fe/AcOH 3 EtOH 85 °C, 4 h 6 (15%) 

6 Mo(CO)6/H2O 3 MeCN 100 °C, 2 h 6 (13%) 
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7 TMSCl, KI 3 acetonitrile, H2O rt, 30 min 7 (27%) 

In conclusion, the NaBH4/NiCl2 system remains the most suitable for achieving this 

novel ring transformation to 2-substituted 3-acylquinolines, but the yield is still moderate. 

For this reason, we did not perform an in-depth investigation of this approach. 

Next, we investigated catalytic hydrogenation for the initial 4-aroylisoxazole-to-4-

quinolone ring transformation. As shown above (Table 1, entry 3), Pd-catalyzed hydro-

genation of carbinol 3 resulted in both reduction of the nitro group and cleavage of the 

isoxazole ring. To our surprise, hydrogenation of the 4-aroylisoxazole 4 only led to reduc-

tion of the nitro group, without affecting the isoxazole ring, and (in accordance with a 

report of Kalish et al. [25]) aminophenyl derivative 8 was isolated in high yield (81%) 

(Scheme 4). 

 

Scheme 4. Catalytic hydrogenation experiment with Pd/C and subsequent reductive ring transfor-

mation to quinolone 5. 

Having sufficient quantities of primary amine 8 with intact isoxazole ring in hand, 

we examined an alternative reagent for reductive cleavage of the isoxazole ring. In fact, 

treatment of 8 with iron in acetic acid [22] resulted in the desired ring transformation, and 

4-quinolone 5 was obtained in 53% yield (Scheme 4). The analytical data were in accord-

ance with published values [15]. 

This was the first successful approach affording a 2-substituted 3-acyl-4-quinolone 

derivative. However, the structure of the product did not allow a precise interpretation of 

the mechanism of the cyclization of the intermediate enaminoketone, as two conceivable 

pathways would lead to the same product (Scheme 5). In pathway A, the arylamine would 

condense with the carbonyl group of the enaminoketone leading to an imino group at C-

3, which should release ammonia upon aqueous work-up. In this pathway, the residue at 

C-5 of the isoxazole would end up as the residue at C-2 of the quinolone product, whereas 

the residue at C-3 of the isoxazole would be part of the acyl residue at C-3. In pathway B, 

the arylamine would undergo a Michael-type 1,4-addition with the vinylogous ketone, 

followed by elimination of ammonia to give the 4-quinolone system, with an inverse 

placement of the residues of the isoxazole precursor compared to pathway A. 
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Scheme 5. Proposed mechanisms for the cyclisation step during reduction of 4. Both mechanisms 

afford the same quinolone 5 but differ in the regiochemical placement of the methyl substituents 

derived from the 3,5-dimethylisoxazole unit. Methyl groups are colour-coded (green = 3-methyl, 

deep red = 5-methyl) to highlight their positional outcomes in each pathway. 

To investigate which of the two proposed cyclisation pathways is operative, efforts 

were made to prepare asymmetrically 3,5-disubstituted isoxazoles as mechanistic probes 

with the aim of observing how these substituents were positioned in the resulting quino-

lone products. The approach was based on the premise that each pathway would lead to 

a distinct regiochemical outcome, thereby allowing the product structure to serve as a 

readout of the underlying mechanism. 

For this purpose, we selected easily accessible isoxazoles 9 and 10, both bearing two 

distinct residues at C-3 and C-5. 3-Ethyl-5-phenylisoxazole (9) was prepared using Han-

sen’s protocol by Cu(I)-catalyzed [3+2]-cycloaddition of phenylacetylene with a nitrile ox-

ide derived from n-butanal [36]. 5-Ethyl-3-methylisoxazole (10) was obtained by regiose-

lective lithiation of the 5-methyl group in 3,5-dimethylisoxazole (1) with n-BuLi, followed 

by C-methylation with iodomethane [37]. 

Iodination of 3-ethyl-5-phenylisoxazole (9) was carried out with NIS/CAN using the 

method of Brough et al. [38], affording the 4-iodo derivative 11a in high yield. Subsequent 

transformation into the corresponding ketone 13a followed the sequence described above: 

iodine–lithium exchange, addition to 2-nitrobenzaldehyde, and modified Jones oxidation 

of the resulting secondary alcohol 12a. In contrast to the two-step synthesis of 4-quinolone 

5 described above (Scheme 4), the resulting 4-aroylisoxazole 13a was subjected directly to 

a reductive cyclisation with Fe/AcOH to furnish a single 4-quinolone product 14a in 30% 

yield (Scheme 6). If the cyclization followed pathway A (Scheme 5), ethyl ketone 14a 

would be formed, whereas pathway B would lead to the isomeric phenyl ketone 15a. 
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Scheme 6. Synthesis of quinolones 14a and 14b supporting the hypothesized ring transformation 

pathway. 

In the 1H NMR spectrum of the product, the resonances of the ethyl protons were 

clearly identified (quartet at δ 2.76 ppm and triplet at δ 0.90 ppm, both with a coupling 

constant of 7.3 Hz). Crucially, HMBC correlations from both groups of ethyl protons to 

the ketone carbon at δ 205.0 ppm confirmed that the ethyl group was located directly ad-

jacent to the carbonyl group, indicating the presence of ethyl ketone 14a (Figure S1). This 

regiochemical outcome provides strong evidence in favour of the mechanistic route pro-

posed in pathway A (Scheme 5). 

In virtually the same manner (iodination, iodine–lithium exchange followed by ad-

dition to 2-nitrobenzaldehyde, Jones oxidation, reduction with Fe/AcOH) 5-ethyl-3-me-

thylisoxazole (10) was converted into a 2-substituted 3-acyl-4-quinolone derivative 

(Scheme 6). Again, the HMBC spectrum (Figure S2) clearly indicated the identity of the 

product: the identification of a methyl ketone moiety is in accordance with the structure 

14b (once again originating from a cyclization following pathway A) and excludes the 

isomeric structure 15b originating from pathway B. 

While the conclusions are based on a limited number of examples, the consistent re-

giochemical outcome across both probes suggests a presumably general preference for 

pathway A under the standard reaction conditions. 

4. Discussion 

We have worked out a novel approach to 2-substituted 3-acyl-4-quinolones by re-

ductive ring transformation of disubstituted 4-(2-nitrobenzoyl)isoxazoles. The outcome of 

this ring transformation reaction strongly depends on the nature of the reducing agent. 

An unexpected, but low-yielding approach to 2-substituted 3-acylquinolines was ob-

served with the reducing agent NaBH4/NiCl2. Best results for the a�empted 2-substituted 

3-acyl-4-quinolones were obtained by means of treatment with iron in acetic acid. We 

learned that established reducing agents published for the reductive cleavage of isoxa-

zoles are not necessarily transferable to the reduction of 4-acylisoxazoles, and competing 

reduction of the keto group may lead to unexpected alternative products (see compounds 

6 and 7). Analysis of the mode of cyclization provided strong evidence for a pathway 

which excludes formation of isomeric products. Thus, this new protocol compares favour-

ably with established strategies like the Niementowski reaction starting from anthranilic 

acid derivatives, which gives mixtures of isomers when unsymmetrical 1,3-diketones are 
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used as reaction partners [39]. This new protocol should enable the stereocontrolled syn-

thesis of a broad variety of 2-substituted 3-acyl-4-quinolones for drug discovery and de-

velopment, since the starting materials (substituted 2-nitrobenzaldeydes [40] and 3,5-di-

substituted isoxazoles [41]) are readily available. Further, various approaches lead to the 

central 4-aroylisoxazole-type intermediates. Besides the route via halogen–metal ex-

change starting from 4-iodoisoxazoles utilized in this work, a complementary approach is 

possible starting from 4-formylisoxazoles or related acid chlorides and metalated arenes 

[42]. 4-Iodoisoxazoles can further be subjected to carbonylative Suzuki–Miyaura reactions 

with arylboronic acids using N-formylsaccharin as CO surrogate [43], 4-stannylisoxazoles 

can be acylated with aroyl chlorides under Pd catalysis [44], and 4-unsubstituted isoxa-

zoles undergo transition-metal-mediated direct aroylation with aromatic aldehydes [45]. 

Moreover, the acyl residue at C-3 opens up the possibility for further modifications, in-

cluding reduction, addition of nucleophiles (organometallic compounds), condensation 

and olefination reactions, creating the opportunity for the introduction of diverse func-

tional groups at C-3. Of special interest may be the conversion of acetyl units (see products 

5 and 14b) into highly interesting carboxylic acids and esters (see the examples for diverse 

therapeutic applications like the cytotoxic, antibiotic, antiviral, and antiplasmodial ones 

shown in Figure 1). 

5. Conclusions 

In conclusion, we have worked out a unique approach to 2-substituted 3-acyl-4-quin-

olones by reductive ring transformation of readily available disubstituted 4-(2-nitroben-

zoyl)isoxazoles. Further, we gained new insights into the chemical reactivity of 4-acyli-

soxazoles. With this work, we contribute a new approach for the stereocontrolled synthe-

sis of compounds of high pharmacological interest. The free variability of the residues at 

C-2 and C-3 of the target compounds should allow for the further optimization and sys-

tematic analysis of the structure–activity relationships of known 4-quinolone-type lead 

structures for diverse therapeutic applications and the design of novel chemotypes of bi-

oactive compounds. 

Supplementary Materials: The following supporting information can be downloaded at: 

h�ps://www.mdpi.com/article/10.3390/compounds6030044/s1, Figure S1: Key HMBC correlations 

(DMSO-d6, 400 MHz) observed for 14a. Cross-peaks confirm long-range couplings between the 

methylene (H13) and methyl (H15) protons of the ethyl group and the ketone carbon (C12, δ 205.0 

ppm). Atom numbering above follows MestReNova software and does not reflect formal IUPAC 

conventions; Figure S2: HMBC spectrum of 14b (DMSO-d6, 400 MHz, 2D HMBC). A key cross-peak 

is observed between the methyl singlet at δ 2.50 ppm (H13) and the carbonyl carbon at δ 202.3 ppm 

(C12), confirming the methyl group’s direct a�achment to the carbonyl group, forming an acetyl 

fragment at C9. Atom numbering follows the MestReNova assignment scheme and does not reflect 

formal IUPAC nomenclature. In IUPAC terms, the acetyl group at C9 is located at position 3 and 

the ketone carbon C10 is position 4 of the quinolone scaffold; Figure S3A: 1H NMR spectrum of (2-

aminophenyl)(3,5-dimethylisoxazol-4-yl)methanone (8) in DMSO-d6; Figure S3B: 1 C NMR spec-

trum of (2-aminophenyl)(3,5-dimethylisoxazol-4-yl)methanone (8) in DMSO-d6; Figure S4A: 1 H 

NMR spectrum of 1-(2-methyl-1,4-dihydroquinolin-3-yl)ethan-1-one (5) in DMSO-d6; Figure S4B: 

13 C NMR spectrum of 1-(2-methyl-1,4-dihydroquinolin-3-yl)ethan-1-one (5) in DMSO-d6; Figure 

S5A: 1 H NMR spectrum of 3-ethyl-4-iodo-5-phenylisoxazole (10) in CDCl3; Figure S5B: 13 C NMR 

spectrum of 3-ethyl-4-iodo-5-phenylisoxazole (10) in CDCl3; Figure S6A: 1 H NMR spectrum of 2-

phenyl-3-propionylquinolin-4(1H)-one (9) in DMSO-d6; Figure S6B: 13 C NMR spectrum of 2-phe-

nyl-3-propionylquinolin-4(1H)-one (9) in DMSO-d6; Figure S7A: 1H MMR spectrum of 5-ethyl-4-

iodo-3-methylisoxazole (11b) in CDCl3; Figure S7B:  13C MMR spectrum of 5-ethyl-4-iodo-3-me-

thylisoxazole (11b) in CDCl3; Figure S8A: 1H NMR spectrum of (5-ethyl-3-methylisoxazol-4-yl)(2-
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nitrophenyl)methanol (12b) in CDCl3; Figure S8B: 13C NMR spectrum of (5-ethyl-3-methylisoxazol-

4-yl)(2-nitrophenyl)methanol (12b) in CDCl3; Figure S9A: 1H NMR spectrum of (5-ethyl-3-methyl-

isoxazol-4-yl)(2-nitrophenyl)methanone (13b) in CDCl3; Figure S9B: 13C NMR spectrum of (5-ethyl-

3-methylisoxazol-4-yl)(2-nitrophenyl)methanone (13b) in CDCl3; Figure S10A: 1 H NMR spectrum 

of 2-phenyl-3-propionylquinolin-4(1H)-one (14a) in DMSO-d6; Figure S10B: 13.C NMR spectrum of 

2-phenyl-3-propionylquinolin-4(1H)-one (14a) in DMSO-d6; Figure S11A: 1H NMR spectrum of 3-

acetyl-2-ethylquinolin-4(1H)-one (14b) in DMSO-d6; Figure S11B: 13C NMR spectrum of 3-acetyl-2-

ethylquinolin-4(1H)-one (14b) in DMSO-d6. 
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