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Keith C. Coffman[a], Vy Duong[a], Alex L. Bagdasarian[a], James C. Fettinger[a], Makhlouf J. 
Haddadin[b], and Mark J. Kurth[a]

Mark J. Kurth: mjkurth@ucdavis.edu
[a]Department of Chemistry, University of California, Davis, One Shields Avenue, Davis, California 
95616, http://chemistry.ucdavis.edu/faculty/department_faculty/mark_kurth.html

[b]Department of Chemistry, Department American University of Beirut, Institution, Beirut, 
Lebanon

Abstract

A variety of quinoline-4-amines were synthesized from substituted 3-(2-nitrophenyl)isoxazoles 

utilizing Zn0 or Fe0 dust and HOAc via a reductive heterocyclization process. The starting 

isoxazoles were synthesized from readily available starting materials. A brief survey of functional 

groups tolerated in this reductive heterocyclization was performed and several 10-amino-3,4-

dihydrobenzo[b][1,6]naphthyridin-1(2H)-one and 9-amino-3,4-dihydroacridin-1(2H)-one 

examples were synthesized.
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Introduction

In addition to the importance of isoxazoles as biologically active compounds, some of which 

are found in nature,1 isoxazoles are also useful intermediates in the synthesis of complex 

targets as demonstrated by Suzuki in a synthesis of Seragakinone A where an isoxazole was 

employed as a 1,3-diketone equivalent.2 Indeed, isoxazoles can serve as masked building 

blocks for other heterocycles, fused rings, aldols, and related compounds. 3 For example, the 

N-O bond of the isoxazole ring can be reductively cleaved by catalytic hydrogenation or by 

metal carbonyl complexes [for example, Fe(CO)5 or Mo(CO)6 in moist acetonitrile] to 

enamino ketones, which can subsequently be converted to 1,3-diketones, α,β-unsaturated 

ketones, or β-ketoamides.3 In this context, an isoxazole ring can be considered a protecting 

group – one that is stable to many synthetic transformations – that is easily transformed to 

these various functionalities under appropriate reaction conditions.
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We previously reported cleavage of the amide moiety in isoxazolopiperidones as a route to 

orthogonally protected diamino acids (Figure 1A). 4 We have also recently shown that 

substituted isoxazoles undergo reductive heterocyclization in M/HOAc (M = Zn0 or Fe0) 

when a 2-nitrophenyl group is appended to the 3-, 4- or 5-position of the isoxazole ring 

(Figure 1B).5 In continued exploration of these heterocycle-to-heter-ocycle strategies,6 we 

report here on the utility and limitations of 3-(2-nitrophenyl)isoxazole reductive 

heterocyclizations in obtaining quinoline-4-amines. We also report a brief survey of 

functional group compatibility with these reductive heterocyclizations conditions.

It is also noteworthy that quinoline-4-amines – the product of the isoxazole-based 

heterocycle-to-heterocycle chemistry reported here – have anti-malarial properties7 with 

Chloroquine (CQ) being the drug of choice for the treatment of malaria. Unfortunately, 

rising resistance to CQ suggests new drugs are needed (Figure 2). Quinoline-4-amines are 

also useful in the treatment of Alzheimer′s Disease (AD) by way of inhibition of 

acetylcholinesterase (AChE).8 Tacrine was the first approved drug for the treatment of AD, 

but has limited use due to hepatotoxicity. Additionally, (−)-huprine X and (−)-huprine Y, 

analogs of the natural alkaloid (−)-huperazine A, are among the most potent AchE 

inhibitors.9 For these reasons, we were also interested in synthesizing analogs of these 

biologically active compounds utilizing the chemistry developed herein.

Results and Discussion

The requisite 3-(2-nitrophenyl)isoxazoles are easily synthesized from α-chlorooximes and 

1,3-carbonyls or terminal alkynes in moderate to good yields following established literature 

procedures.5,6 In this work, we report that Zn0 or Fe0 in HOAc are suitable metal reductants 

for the conversion of both nitro (→ amine) and isoxazole (→ β-keto imine) moieties with 

subequent heterocyclization to the targeted quinoline-4-amines. Batra et al.10 reported the 

reductive heterocyclization of 2-nitrophenyl isoxazoles using H2/Pd•C – conditions that do 

not allow, for example, C=C and C ≡ N functional groups in the substrate. In contrast, using 

Fe0/H+ in the reductive heterocyclization tolerates many functional groups, including C=C 

and C ≡ N (vide infra).

As outlined in Table 1, a collection of substituted 3-(2-nitrophenyl)isoxazoles (1a–d) were 

synthesized by the reaction of in situ generated enolates or terminal alkynes with (2-

nitrophenyl)nitrile oxide. With these representative 3-(2-nitrophenyl)isoxazoles in hand, it 

was found that a keto-substituted isoxazole readily accommodates these reductive 

heterocyclization conditions (Table 1, 1a → 2a in 90% yield). In contrast, an ester appended 

at C4 of the isoxazole ring gives the targeted quinoline-4-amine 2b in only 6% yield, with 

the major product being the carboxylic acid analog (2b′;R2 = CO2H) of isoxazole 2b (e.g., 

ester hydrolysis). Current work has revealed that substituting HOAc with the weaker acid 

aq. NH4Cl can improve the yield of the desired reductive heterocyclization product. For 

example, the yield for 1b → 2b improved from 6% in HOAc to 22% in aq. NH4Cl, but the 

carboxylic acid analog of 2b was still the major product in 39% yield.

Interestingly, a nitrile group at C4 tolerates these reductive heterocyclization conditions 

well, giving quinoline-4-amine 2c in 76% yield. The yield decreases to 36% under aq. 
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NH4Cl conditions. Quinoline-4-amine 2d was obtained from 1d (prop-1-en-2-yl substituent 

at C5) under the Fe0/aq. NH4Cl in 51% yield, while Fe0/HOAc failed to deliver the targeted 

product. In general, substitution at C5 of the isoxazole did not give satisfactory results under 

Fe0/HOAc conditions, but changing the acid source to aq. NH4Cl gave the quinoline-4-

amine product in low to good yields. This brief survey demonstrates that these sensitive 

functional groups generally survive well the metal-mediated (M0 → M+1) reductive 

heterocyclization conditions.

With these calibrating Table 1 results in hand, attention was turned to the synthesis of 10-

amino-3,4-dihydrobenzo[b][1,6]-naphthyridin-1(2H)-one and 9-amino-3,4-

dihydroacridin-1(2H)-one analogs of the previously mentioned pharmaceuticals (Figure 1) 

from piperidine-2,4-dione or 1,3-cyclohexanone starting materials. The route to 

piperidine-2,4-diones (Scheme 1) commenced with Boc protection of β-alanine 3a/b 
following a modified literature procedure.11 The resulting N-protected amino acid 4a/b was 

then used to C-acylate Meldrum’s acid under standard EDC/DMAP coupling conditions.4 

Subjecting these resulting Meldrum’s acid analogs to refluxing EtOAc (→ acyl-ketene 

intermediate) yielded the targeted piperidine-2,4-diones 5a/b in 85–90% yield over 2 steps. 

Piperidine-2,4-diones 5a/b or cyclohexane-1,3-dione were then reacted with NaH in dry 

THF followed by the slow addition of α-chlorobenzaldoximes 6 to give 6,7-

dihydroisoxazolo[4,5-c]pyridin-4(5H)-one 7a–d and 6,7-di-hydrobenzo[d]isoxazol-4(5H)-

one 7e in 43–89% yield (Table 2).12

Previous studies have established that zinc and iron dust are both effective reductants.13 

This, in conjunction with the results outlined in Table 1, led us to undertake several 

experiments with dihydroisoxazolopyridinone 7a using Zn0/HOAc as the reductant. At 120° 

C, 7a decomposed (Table 3, entry 1) with loss of the Boc protecting group (detected by 

LCMS). Fortunately, lowering the reaction temperature to 80 °C (entry 2; or even 22 °C = 

entry 3) overnight gave us the desired dihydrobenzonaphthyridinone 9a in good yield. In an 

effort to obtain intermediate 8a (Table 3) and provide insight into the order of events, the 

reduction was stopped after 1 h at 0 °C. Under these conditions, starting material 7a and 

aniline 8a (nitro reduced) were obtained in an ~2:1 ratio, respectively, and 

dihydrobenzonaphthyridinone 9a was obtained in 7% yield. This result suggests that the 

nitro moiety of 7a is reduced before reduction of the isoxazole N,O-bond and, once the 

isoxazole N,O-bond in intermediate 8a is reduced, heterocyclization proceeds to give 

product 9a. Indeed, when isolated aniline 8a was resubmitted to Zn0/HOAc at 22 °C, it was 

cleanly converted to dihydrobenzonaphthyridinone 9a in quantitative yield,

Dihydroisoxazolopyridinones 7a–d as well as dihydrobenzoisoxazolone 7e (Scheme 2) were 

subjected to reductive heterocyclization under these optimized Zn0/HOAc conditions (22 

°C, 18 h) to give 10-amino-3,4-dihydrobenzo[b][1,6]naphthyridin-1(2H)-one 9a–d in 33–

89% yield and 9-amino-3,4-dihydroacridin-1(2H)-one 9e in 80% yield (Scheme 2). To 

further expand the scope of this work, the Boc moiety in 6,7-dihydroisoxazolo[4,5-

c]pyridin-4(5H)-one 7a was deprotected (TFA in CHCl3 at 0° C, 30 min.) to give the free 

amide, which was subsequently treated with NaH in dry THF followed by p-bromobenzyl 
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bromide to give 7f in 40% overall yield. This N-alkylated isoxazole (7f) was then subjected 

to the reductive heterocyclization reaction to yield 9f in 22% yield.

Finally, to demonstrate that the 4-aminoquinoline moiety of 9 can also be diversified by N-

alkylation, conversion 9a → 10 was investigated. It was found that phase transfer N-

alkylation conditions (DCM:1M aq. NaOH + TBAB) using benzyl bromide yielded 10 in 

69% yield (Scheme 3). In contrast, reacting the 4-aminoquinoline moiety of 9a with 

benzaldehyde under reductive amination conditions failed (in the condensation step).

Conclusions

Various quinoline-4-amines were synthesized utilizing Zn0 or Fe0 and HOAc from 

substituted 3-(2-nitrophenyl)-isoxazoles via reductive heterocyclization. Aqueous 

ammonium chloride also worked well in some cases as an acid source. The requisite starting 

isoxazoles were easily synthesized from readily available starting materials. A survey of 

functional group tolerance for these conditions revealed that alkenes, nitriles, ketones, 

amides, and tert-butyl carbamates are stable to this heterocyle-to-heterocycle reductive 

heterocyclization, whereas esters were found to partially hydrolyze. A few examples of 10-

amino-3,4-dihydrobenzo[b][1,6]naphthyridin-1(2H)-ones were also synthesized and 

diversified.

Experimental Section

General

All chemicals were purchased from commercial suppliers and used without further 

purification. Analytical thin layer chromatography was carried out on pre-coated plates 

(silica gel 60 F254, 250 μm thickness) and visualized with UV light. Flash chromatography 

was performed using 60 Ǻ, 32–63 μm silica gel (Scientific Adsorbents). Concentration in 

vacuo refers to rotary evaporation under reduced pressure. The chemical purity of all 

compounds was determined by HPLC and HRMS or LC–MS and confirmed to be ≥95%. 1H 

NMR spectra were recorded at 300 MHz, 400 MHz, 600 MHz or 800 MHz at ambient 

temperature with Acetone-d6, DMSO-d6, CDCl3, CD3CN, or CD3OD as solvents. 13C 

NMR spectra were recorded at 75 Hz, 100 MHz, 150 MHz or 200 MHz at ambient 

temperature with Acetone-d6, DMSO-d6, CDCl3, CD3CN, or D3OD as solvents. Chemical 

shifts are reported in parts per million (ppm) relative to the residual solvent peak. Infrared 

spectra were recorded on an ATI-FTIR spectrometer. The specifications of the Waters 

LC/MS are as follows: electrospray (+) ionization, mass range 100 – 1500 Da, 20 V cone 

voltage, and Xterra® MS C18 column (2.1 mm × 50 mm × 3.5 μm), 0.2 mL/min, eluents 

were water/0.1% HCOOH and MeCN/0.1% HCOOH in gradient, and Waters 996 PDA. 

Preparative HPLC specifications are as follows: 15 mL/min flow rate, Xterra Prep MS C18 

OBD column (19 mm × 100 mm), eluents were water/0.1% HCOOH and MeCN/0.1% 

HCOOH in gradient, and dual wavelength absorbance detector. High-resolution mass 

spectra were acquired on an LTQ Orbitrap XL mass spectrometer equipped with an 

electrospray ionization source (ThermoFisher, San Jose, CA), operating in the positive ion 

mode. Samples were introduced into the source via loop injection at a flow rate of 200 ul/

min, in a solvent system of 1:1 acetonitrile:water with 0.1% formic acid. Mass spectra were 
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acquired using Xcalibur, version 2.0.7 SP1 (ThermoFinnigan). The spectra were externally 

calibrated using the standard calibration mixture, and then calibrated internally to <2 ppm 

with the lock mass tool.

General Procedure A; Reduction with HOAc

The specific isoxazole (1 eq, 1 mmol), acetic acid (~88 eq, 5.0 mL), and iron powder (18 eq, 

1.0 g) were combined and heated at 80 – 120 °C overnight. The reaction mixture was 

filtered, rinsed with DCM (10 mL), diluted with DCM (75 mL), washed with sat. NaHCO3 

(25 mL) and dried over Na2SO4. The organics were concentrated under reduced pressure 

and flash column chromatography yielded the products.

General Procedure B; Reduction with NH4Cl

The specific isoxazole (1 eq, 1 mmol) and NH4Cl (18 eq) were dissolved in tBuOH:H2O (20 

mL/mmol) and iron powder (18 eq) was added. The mixture was heated at 80 °C overnight. 

The reaction was filtered and the filter cake was rinsed with EtOAc. H2O (30 mL) was 

added, the mixture was extracted with EtOAc (3 × 40 mL), and dried over Na2SO4. The 

organics were concentrated under reduced pressure and flash column chromatography 

yielded the products.

1-(5-Methyl-3-(2-nitrophenyl)isoxazol-4-yl)ethan-1-one (1a)

Pen-tane-2,4-dione (1.03 mL, 10 mmol) was dissolved in dry THF (20mL) and cooled in an 

ice bath. 60% dispersed in mineral oil NaH (0.44 g, 11 mmol) was added portionwise and 

stirred for 5 minutes. N-Hydroxy-2-nitrobenzimidoyl chloride (2.2 g, 11 mmol) was 

dissolved in dry THF (20 mL) and added dropwise to the slurry and stirred overnight at rt. 

Equal volumes of water and EtOAc (40 mL total) were added, organics separated, and 

aqueous layer extracted with EtOAc (20 mL). The combined organics were washed with 

brine, dried over Na2SO4, and concentrated in vacuo. Column chromatography yielded a 

pale yellow solid (2.21 g, 90% yield). 1H NMR (600 MHz, Chloroform-d) δ 8.16 (d, J = 8.2 

Hz, 1H), 7.68 (t, J = 7.4 Hz, 1H), 7.63 (t, J = 7.8 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 2.73 (s, 

3H), 2.17 )s, 3H). 13C NMR (150 MHz, Chloroform-d) δ 191.2, 173.7, 160.4, 148.4, 133.6, 

132.0, 130.9, 125.0, 124.8, 117.2, 29.8, 14.1. HRMS m/z calculated for C12H11N2O4 [M + 

H]+ 247.0713, found: 247.0717.

Methyl 5-methyl-3-(2-nitrophenyl)isoxazole-4-carboxylate (1b)

Following the procedure for 1a, except using methyl 3-oxobutanoate (1.30 g, 10 mmol), 

gave 1b as a yellow solid (0.127 g, 46% yield). 1H NMR (600 MHz, Chloroform-d) δ 8.17 

(d, J = 8.1 Hz, 1H), 7.66, (t, J = 7.5 Hz, 1H), 7.60 (t, J = 7.8 Hz, 1H), 7.47 (d, J = 7.5 Hz, 

1H), 4.03 (q, J = 7.1 Hz, 2H), 2.69 (s, 3H), 1.02 (t, J = 7.1 Hz, 3H). 13C NMR (150 MHz, 

Chloroform-d) δ 175.3, 161.2, 160.8, 148.3, 133.4, 132.2, 130.7, 124.9, 124.5, 108.8, 60.8, 

13.6, 13.3. HRMS m/z calculated for C13H13N2O5 [M + H]+ 277.0819; found: 277.0827.

3-(2-Nitrophenyl)-5-phenylisoxazole-4-carbonitrile (1c)

Following the procedure for 1a, except using 3-oxo-3-phenylpropanenitrile (0.576 g, 4.0 

mmol), gave 1c as a yellow solid (0.372 g, 64% yield). 1H NMR (600 MHz, Chloroform-d) 
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δ 8.27 (d, J = 8.1 Hz, 1H), 8.11 (d, J = 7.3 Hz, 2H), 7.82 (t, J = 7.5 Hz, 1H), 7.77 (d, J = 7.8 

Hz, 1H), 7.68 (d, J = 7.5 Hz, 1H), 7.67 – 7.57 (m, 3H), ; 13C NMR (150 MHz, Chloroform-

d) δ 174.3, 161.6, 147.9, 134.0, 133.0, 132.2, 132.2, 129.5, 126.9, 125.5, 124.6, 121.4, 

111.4, 89.1. HRMS m/z calculated for C16H10N3O3 [M + H]+ 292.0717; found: 292.0722.

3-(2-Nitrophenyl)-5-(prop-1-en-2-yl)isoxazole (1d)

Following the procedure for 1a, except using 2-methylbut-1-en-3-yne (0.66 g, 10 mmol), 

gave 1d as a yellow solid (0.177 g, 77%); while none of the regioisomeric isoxazole was 

detected, a small amount of isoxazolino-isoxazole (i.e., bis cycloadduct; ~10% yield) was 

obtained. 1H NMR (600 MHz, Chloroform-d) δ 7.89 (d, J = 7.6 Hz, 1H), 7.63 – 7.61 (m, 

2H), 7.55 (ddd, J = 8.2, 5.4, 3.6 Hz, 1H), 6.29 (s, 1H), 5.77 (s, 1H), 5.29 (s, 1H), 2.04 (s, 

3H). 13C NMR (150 MHz, Chloroform-d) δ 170.9, 160.0, 148.6, 132.9, 131.5, 130.6, 130.4, 

124.4, 124.2, 117.6, 100.5, 19.5. HRMS m/z calculated for C12H11N2O3 [M + H]+ 

231.0764; found: 231.0763.

1-(4-Amino-2-methylquinolin-3-yl)ethan-1-one (2a)

General procedure A with 1a (0.246 g, 1.0 mmol) yielded 2a as a white solid (0.180 g, 

90%). 1H NMR (600 MHz, Chloroform-d) δ 7.85 (d, J = 8.4 Hz, 1H), 7.76 (d, J = 8.4 Hz, 

1H), 7.65 (dd, J = 8.3, 7.0 Hz, 1H), 7.39 (dd, J = 8.3, 7.0 Hz, 1H), 7.08 (s, 2H), 2.79 (s, 3H), 

2.62 (s, 3H). 13C NMR (150 MHz, Chloroform-d) 203.4, 157.7, 151.5, 147.3, 131.2, 128.9, 

125.0, 120.8, 117.2, 112.8, 33.1, 27.7. HRMS m/z calculated for C12H13N2O [M + H]+ 

201.1022; found: 201.1027.

Methyl 4-amino-2-methylquinoline-3-carboxylate (2b)

General procedure A with 1b (0.277 g, 1.0 mmol) yielded 2b as a white solid (14 mg, 6%), 

ester hydrolysis (2b′) was the major product in 63% yield, see below. General procedure B 

with 1b (0.277 g, 1.0 mmol) yielded 2b as a white solid (51 mg, 22%). 1H NMR (600 MHz, 

Chloroform-d) δ 7.85 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 7.4 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 

7.38 (t, J = 7.6 Hz, 1H), 7.08 (s, 2H), 4.40 (q, J = 7.1 Hz, 2H), 2.81 (s, 3H), 1.42 (t, J = 7.1 

Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 169.5, 159.5, 153.7, 147.4, 131.2, 1289.0, 

124.8, 120.6, 117.0, 102.4, 60.9, 28.0, 14.3. HRMS m/z calculated for C13H15N2O2 [M + 

H]+ 231.1128; found: 231.1131. 4-Amino-2-methylquinoline-3-carboxylic acid (2b′): 
Isolated a white powder (0.145 g, 63%). 1H NMR (600 MHz, DMSO-d6) δ 10.88 (s, 1H), 

10.77 (s, 1H), 8.42 (s, 1H), 8.13 (d, J = 8.1 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.21 (d, J = 8.2 

Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 2.58 (s, 3H). 13C NMR (150 MHz, DMSO-d6) δ 200.9, 

162.9, 158.7, 140.1, 133.4, 124.5, 121.5, 115.9, 113.0, 101.6, 33.5. HRMS m/z calculated 

for C11H11N2O2 [M + H]+ 203.0815; found: 203.0823.

4-Amino-2-phenylquinoline-3-carbonitrile (2c)

General procedure A with 1c (0.245 g, 1.0 mmol) yielded 2c as a yellow solid (0.186 g, 

76%). General procedure B with 1c (0.245 g, 1.0 mmol) yielded 2c as a yellow solid (88 mg, 

36%) 1H NMR (600 MHz, Chloroform-d) δ 8.08 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 6.5 Hz, 

2H), 7.83 – 7.76 (m, 2H), 7.59 – 7.44 (m, 4H), 5.76 (s, 2H). 13C NMR (150 MHz, DMSO-
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d6) 159.2, 155.2, 148.5, 138.8, 132.5, 130.8, 129.9, 128.9, 128.7, 126.4, 120.3, 117.5, 115.2, 

86.3. HRMS m/z calculated for C16H12N3 [M + H]+ 246.1026; found: 246.1032.

2-(Prop-1-en-2-yl)quinolin-4-amine (2d)

General procedure A with 1d (0.230 g, 1.0 mmol) yielded no product (0.0 g, 0%). General 

procedure B with 1d (0.230 g, 1.0 mmol) yielded 2d as a yellow solid (94 mg, 51%). 1H 
NMR (600 MHz, DMSO-d6) δ 7.58 (d, J = 7.8 Hz, 1H), 7.18 (s, 1H), 7.13 (t, J = 7.6 Hz, 

1H), 6.81 (d, J = 8.2 Hz, 1H), 6.61 (dd, J = 7.9, 7.1 Hz, 1H), 6.25 (s, 2H), 5.77 (s, 1H), 5.39 

(s, 1H), 2.10 (s, 3H). 13C NMR (150 MHz, Chloroform-d) δ 172.4, 168.8, 163.7, 147.3, 

131.0, 129.8, 117.4, 116.3, 115.9, 110.3, 100.4, 19.7. HRMS m/z calculated for C12H13N2 

[M + H]+ 185.1073; found: 185.1069.

tert-Butyl 3-(2-nitrophenyl)-4-oxo-6,7-dihydroisoxazolo[4,5-c]pyridine-5(4H)-carboxylate 
(7a)

tert-Butyl 2,4-dioxopiperidine-1-carboxylate (4.00 g, 18.8 mmol) was dissolved in dry THF 

(100 mL) and cooled to 0 °C. NaH (0.450 g, 18.8 mmol) was added to the solution over a 5 

min period. N-Hydroxy-2-fluorobenzimidoyl chloride (2.71 g, 15.6 mmol) was added drop-

wise over 1 hour and stirred for 4 hours from 0°C to rt. The reaction mixture was 

concentrated in vacuo, dissolved in ethyl acetate (75 mL), and an equal volume of water was 

added. The organic layer was separated and aqueous layer extracted additional times with 

ethyl acetate (2 × 75 mL). The combined organics were washed with brine, dried over 

sodium sulfate, and concentrated in vacuo. The residue was purified by crystallization from 

EtOAc to yield a colorless solid (0.239 g, 68%). 1H NMR (600 MHz, Chloroform-d) δ 8.25 

(d, J = 8.1 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), 7.69 (t, J = 8.1 Hz, 1H), 7.61 (d, J = 7.5 Hz, 

1H), 4.20 (t, J = 6.5 Hz, 2H), 3.19 (t, J = 6.5 Hz, 2H), 1.56 (s, 9H). 13C NMR (150 MHz, 

Chloroform-d) δ 176.0, 159.7, 152.4, 148.5, 133.7, 132.4, 131.5, 131.5, 125.3, 123.2, 111.0, 

83.8, 44.4, 28.2, 23.5. HRMS m/z calculated for C17H17N3NaO6 [M + Na]+ 382.1010; 

found: 382.1011.

tert-Butyl 3-(5-chloro-2-nitrophenyl)-4-oxo-6,7-dihydroisoxazolo[4,5-c]pyridine-5(4H)-
carboxylate (7b)

Followed the same procedure as 7a, except N-Hydroxy-5-chloro-2-nitrobenzimidoyl 

chloride (0.230 g, 0.977 mmol) was added. The reaction was purified by column 

chromatography to yield a colorless solid (0.192 g, 50%). 1H NMR (600 MHz, Chloroform-

d) δ 8.24 (d, J = 8.7 Hz, 1H) 7.66 (dd, J = 8.8, 2.3 Hz, 1H), 7.61 (d, J = 2.3 Hz, 1H), 4.22 (t, 

J = 6.5 Hz, 2H), 3.21 (t, J = 6.5 Hz, 2H), 1.51 (s, 9H). 13C NMR (150 MHz, Chloroform-d) 

δ 175.9, 159.2, 158.6, 152.2, 146.6, 140.0, 132.1, 131.2, 126.5, 124.7, 110.8, 83.8, 44.1, 

28.0, 23.3. HRMS m/z calculated for C17H16ClN3NaO6 [M + Na]+ 416.0620; found: 

416.0621.

tert-Butyl 6-methyl-3-(2-nitrophenyl)-4-oxo-6,7-dihydroisoxazolo[4,5-c]pyridine-5(4H)-
carboxylate (7c)

Followed the same procedure as 7a, except tert-butyl 2-methyl-4,6-dioxopiperidine-1-

carboxylate (0.250 g, 1.1 mmol) was used. The reaction was purified by column 
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chromatography to yield a colorless solid (0.201 g, 54%). 1H NMR (600 MHz, Chloroform-

d) 8.24 (d, J = 8.0 Hz, 1H), 7.71 (t, J = 7.5 Hz, 1H), 7.66 (t, J = 7.8 Hz, 1H), 7.61 (d, J = 7.5 

Hz, 1H), 4.92 (p, J = 6.8 Hz, 1H), 3.41 (dd, J = 17.5, 6.5 Hz, 1H), 2.97 (d, J = 1.3 Hz, 1H) 

1.47 (s, 9H), 1.40 (d, J = 6.8 Hz, 3H).13C NMR (150 MHz, Chloroform-d) δ 174.4, 159.4, 

158.8, 152.2, 148.2, 133.5, 132.2, 131.2, 125.1, 123.0, 110.0, 83.5, 51.6, 29.2, 28.0, 20.2. 

HRMS m/z calculated for C18H20N3O6 [M + H]+ 374.1347; found: 374.1365.

tert-Butyl 3-(5-chloro-2-nitrophenyl)-6-methyl-4-oxo-6,7-dihydroisox-azolo[4,5-
c]pyridine-5(4H)-carboxylate (7d)

Followed the same procedure as 7a, except tert-butyl 2-methyl-4,6-dioxopiperidine-1-

carboxylate (0.250 g, 1.1 mmol) was used and N-Hydroxy-5-chloro-2-nitrobenzimidoyl 

chloride (0.215 g, 0.917 mmol) was added to yield a colorless solid (0.161 g, 43%). 1H 
NMR (600 MHz, Chloroform-d) δ 8.25 (d, J = 8.7 Hz, 1H), 7.66 (dd, J = 8.7, 2.3, 1H) 7.64 

(d, J = 2.3 Hz, 1H) 4.97 (m, 1H), 3.46 (dd, J = 17.5, 6.5 Hz, 1H), 3.00 (dd, J = 17.5, 1.2 Hz, 

1H), 1.52 (s, 9H), 1.44 (d, J = 6.8 Hz, 3H). 13C NMR (150 MHz, Chloroform-d) δ 174.6, 

158.7, 158.5, 152.1, 146.6, 140.1, 132.1, 131.1, 126.6, 124.8, 110.1, 83.6, 51.7, 29.2, 28.0, 

20.3. HRMS m/z calculated for C18H19ClN3O6 [M + H]+ 408.0957; found: 408.0978.

3-(2-Nitrophenyl)-6,7-dihydrobenzo[d]isoxazol-4(5H)-one (7e)

Followed the same procedure as 7a, except 1,3-cyclohexadione (1.12 g, 10 mmol) was used. 

The reaction was purified by column chromatography to yield a colorless solid. 1H NMR 
(600 MHz, Chloroform-d) δ 8.23 (d, J = 8.0 Hz, 1H), 7.71 (td, J = 7.4, 1.4 Hz, 1H), 7.66 (td, 

J = 7.8, 1.6 Hz, 1H), 7.60 (dd, J = 7.3, 1.6 Hz, 1H), 3.07 (t, J = 6.3 Hz, 2H), 2.52 – 2.44 (t, J 

= 6.4 Hz, 2H), 2.24 (p, J = 6.4 Hz, 2H). 13C NMR (150 MHz, Chloroform-d) δ 192.2, 

180.9, 157.8, 148.4, 133.5, 132.2, 131.2, 125.0, 123.4, 114.4, 37.6, 23.1, 22.1. HRMS m/z 

calculated for C13H11N2O4 [M + H]+ 259.0713; found; 259.0721.

5-(4-Bromobenzyl)-3-(2-nitrophenyl)-6,7-dihydroisoxazolo[4,5-c] pyridin-4(5H)-one (7f)

Isoxazole 7a (0.826 g, 1.93 mmol) was boc deprotected and N-alkylated following literature 

procedures5,14 to yield 7f as a white powder (0.321 g, 39%) over two steps. 1H NMR (600 

MHz, Chloroform-d) δ 8.25 (d, J = 8.1 Hz, 1H), 7.74-7.72 (m, 1H), 7.70-7.66 (m, 2H), 7.45 

(d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 2H), 4.56 (s, 2H), 3.60 (t, J = 7.2 Hz, 2H), 3.14 (t, J 

= 7.2 Hz, 2H); 13C NMR (150 MHz, Chloroform-d) δ 173.3, 160.9, 159.0, 149.0, 135.8, 

133.4, 132.2, 131.9, 131.1, 129.7, 125.0, 123.2, 121.7, 109.5, 48.4, 45.2, 22.7. HRMS m/z 

calculated for C19H15BrN3O4 [M + H]+ 428.0240; found: 428.0255.

tert-Butyl 3-(2-aminophenyl)-4-oxo-6,7-dihydroisoxazolo[4,5-c]pyri-dine-5(4H)-carboxylate 
(8a)

General procedure A with 7a (0.359 g, 1.0 mmol) and zinc powder (1.2 g, 18 mmol) gave 8a 
as a white solid (95 mg, 29%). 1H NMR (600 MHz, Chloroform-d) δ 7.79 (dd, J = 7.9 and 

1.5 Hz, 1H), 7.19 (td, J = 7.7 and 1.5 Hz, 1H), 6.79 (t, 7.7 Hz, 1H), 6.736 (d, 8.2 Hz, 1H), 

4.83 (s, 2H), 4.15 (t, J = 6.4, 2H), 3.09 (t, J = 6.4 Hz, 2H), 1.52 (s, 9H). 13C NMR (150 

MHz, Chloroform-d) δ 176.9, 160.9, 159.7, 152.9, 146.0, 132.8, 131.6, 117.6, 116.6, 111.0, 
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110.6, 83.8, 44.0, 28.3, 23.6. HRMS m/z calculated for C17H19N3NaO4 [M + Na]+ 

352.1268; found: 352.1268.

tert-Butyl 10-amino-1-oxo-3,4-dihydrobenzo[b][1,6]naphthyridine-2 (1H)-carboxylate (9a)

General procedure A with 7a (0.359 g, 1.0 mmol) and zinc powder (1.2 g, 18 mmol) gave 9a 
as a yellow solid (0.278 g, 89%). 1H NMR (600 MHz, DMSO-d6) δ 9.39 (bs, 1H), 8.32 (d, J 

= 8.3 Hz, 1H), 7.69 – 7.67 (m, 2H), 7.44 – 7.41 (m, 1H), 3.86 (t, J = 6.2 Hz, 2H), 3.02 (t, J = 

6.2 Hz, 2H), 1.49 (s, 9H). 13C NMR (150 MHz, DMSO-d6) δ 167.6, 159.9, 155.9, 153.1, 

148.4, 132.4, 129.0, 125.1, 123.8, 118.7, 99.8, 82.7, 43.9, 33.3, 28.4. HRMS m/z calculated 

for C17H20N3O3 [M + H]+ 314.1499; found: 314.1514.

tert-Butyl 10-amino-8-chloro-1-oxo-3,4-dihydrobenzo[b][1,6] naphth-yridine-2(1H)-
carboxylate (9b)

General procedure A with 7b (0.393 g, 1.0 mmol) and zinc powder (1.2 g, 18 mmol) gave 

9b as a yellow solid (0.247 g, 71%). 1H NMR (600 MHz, Chloroform-d) δ 7.82 (d, J = 2.2 

Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.64 (dd, J = 8.8 and 2.2 Hz, 1H), 4.04 (t, J = 6.4 Hz, 2H), 

3.18 (t, J = 6.4 Hz, 2H), 1.62 (s, 9H). 13C NMR (150 MHz, Chloroform-d) δ 167.5, 159.5, 

154.0, 152.2, 146.6, 132.4, 130.8, 130.7, 120.4, 118.8, 101.0, 83.4, 43.5, 33.0, 29.7 HRMS 
m/z calculated for C17H19ClN3O3 [M + H]+ 348.1109; found: 348.1131.

tert-Butyl 10-amino-3-methyl-1-oxo-3,4-dihydrobenzo[b][1,6] naphth-yridine-2(1H)-
carboxylate (9c)

General procedure A with 7c (0.373 g, 1.0 mmol) and zinc powder (1.2 g, 18 mmol) gave 9c 
as a yellow solid (0.216 g, 58%). 1H NMR (600 MHz, Chloroform-d) δ 7.86 (dd, J = 8.4, 

1.2 Hz, 1H), 7.83 (dd, J = 8.3, 1.3 Hz, 1H), 7.69 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.43 (ddd, J 

= 8.2, 6.9, 1.3 Hz, 1H), 4.70 – 4.64 (m, 1H), 3.46 (dd, J = 16.0, 5.7 Hz, 1H), 2.93 (dd, J = 

16.0, 2.1 Hz, 1H), 1.59 (s, 9H), 1.29 (d, J = 6.7 Hz, 3H). 13C NMR (150 MHz, Chloroform-

d) δ 167.0, 157.7, 154.6, 152.3, 148.4, 131.9, 129.1, 125.2, 121.0, 118.1, 100.2, 83.2, 50.1, 

39.0, 28.2, 19.1. HRMS m/z calculated for C18H22N3O3 [M + H]+ 328.1656; found: 

328.1674.

tert-Butyl 10-amino-8-chloro-3-methyl-1-oxo-3,4-dihydrobenzo[b] [1,6]naphthyridine-2(1H)-
carboxylate (9d)

General procedure A with 7d (0.361 g, 1.0 mmol) and zinc powder (1.2 g, 18 mmol) gave 

9d as a yellow solid (0.119 g, 33%). 1H NMR (600 MHz, DMSO-d6) δ 7.83 (d, J = 2.2 Hz, 

1H), 7.82 (d, J = 8.8 Hz, 1H), 7.65 (dd, J = 8.8 and 2.2 Hz, 1H), 4.73 – 7.68 (m, 1H), 3.49 

(dd, J = 16.2 and 5.7, 1H), 2.95 (dd, J = 16.1 and 2.2 Hz, 1H),1.62 (s, 9H), 1.32 (d, J = 6.8 

Hz, 3H). 13C NMR (150 MHz, DMSO-d6) δ 166.7, 157.9, 153.5, 152.2, 146.9, 132.3, 130.8, 

130.7, 120.5, 118.9, 100.6, 83.3, 50.0, 38.9, 28.1, 19.1 HRMS m/z calculated for 

C18H21ClN3O3 [M + H]+ 362.1266; found: 362.1289.

9-Amino-3,4-dihydroacridin-1(2H)-one (9e)

General procedure A with 7e (0.139 g, 0.57 mmol) gave 9e as a white solid. (91 mg, 

80%). 1H NMR (600 MHz, Chloroform-d) δ 10.24 (s, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.82 (d, 
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J = 8.5 Hz, 1H), 7.68 (t, J = 7.7 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 6.17 (s, 1H), 3.11 (t, J = 

6.4 Hz, 2H), 2.72 (t, J = 6.5 Hz, 2H), 2.14 (p, J = 6.5 Hz, 2H). 13C NMR (150 MHz, 

Chloroform-d) δ 201.6, 163.8, 154.4, 148.2, 132.0, 129.18, 124.8, 120.9, 117.6, 106.5, 39.9, 

34.6, 21.6. HRMS m/z calculated for C13H13N2O [M + H]+ 213.1022; found: 213.1028.

10-Amino-2-(4-bromobenzyl)-3,4-dihydrobenzo[b][1,6]naphthyridin-1(2H)-one (9f): )

General procedure A with 7f (0.428 g, 1.0 mmol) gave 9f as a yellow solid (84 mg, 

22%). 1H NMR (600 MHz, DMSO-d6) δ 7.88 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 

7.7. (ddd, J = 8.4, 6.8, and 1.3 Hz, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.46 (ddd, J = 8.4, 6.9, 1.3 

Hz, 1H), 7.25 (d, j = 8.4 Hz, 2H), 4.75 (s, 2H), 3.57 (t, J = 6.7 Hz, 2H), 3.16 (t, J = 6.7 Hz, 

2H). 13C NMR (150 MHz, DMSO-d6) δ 167.5, 158.5, 153.3, 148.2, 136.4, 131.9, 131.3, 

129.6, 129.1, 124.8, 121.5, 120.7, 118.2, 100.6, 49.7, 44.7, 32.8. HRMS m/z calculated for 

C19H17BrN3O [M + H]+ 382.0550; found: 382.0573.

tert-Butyl 10-(benzylamino)-1-oxo-3,4-dihydrobenzo[b][1,6] naphth-yridine-2(1H)-
carboxylate (10)

9a (50 mg, 0.15 mmol), was dissolved in DCM and 1M NaOH (3:2, 5 mL). TBAB (40 mg, 

0.12 mmol) and benzyl bromide (29 mg, 0.17 mmol), were added sequentially and stirred 

overnight. Water (10 mL) and DCM (10 mL) were added, the organics separated, washed 

with brine, dried over Na2SO4. Column chromatography yielded yellow powder (42 mg, 

69% yield). 1H NMR (600 MHz, Chloroform-d) δ 10.95 (s, 1H), 8.11 (d, J = 8.7 Hz, 1H), 

7.84 (d, J = 8.4 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.45 – 7.36 (m, 4H), 7.32 (t, J = 7.2 Hz, 

1H), 7.24 (d, J = 8.4 Hz, 1H), 5.01 (d, J = 6.1 Hz, 2H), 3.99 (t, J = 6.4 Hz, 2H), 3.18 (t, J = 

6.4 Hz, 2H), 1.57 (s, 9H). 13C NMR (150 MHz, Chloroform-d) δ 168.1, 158.6, 158.5, 152.1, 

138.0, 131.8, 129.0, 128.6, 127.8, 127.0, 126.3, 123.7, 118.8, 110.0, 102.3, 83.2, 52.3, 43.5, 

33.0, 28.1. HRMS m/z calculated for C24H26N3O3 [M + H]+ 404.1969; found: 404.1990.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank the National Institutes of Health (GM0891583 and RR1973) and the National Science 
Foundation [CHE-0910870; and CHE-0443516, CHE-0449845, CHE-9808183, and DBIO 722538 for NMR 
spectrometers] for their generous support.

References

1. (a) Carlsen, L.; Döpp, D.; Döpp, H.; Duus, F.; Hartmann, H.; Lang-Fugmann, S.; Schulze, B.; 
Smalley, RK.; Wakefield, BJ. Houben-Weyl, Methods in Organic Chemistry. Schaumann, E., 
editor. Vol. E8a. Georg Thieme Verlag; Stuttgart, Germany: 1992. p. 45(b) Jawalekar AM, 
Reubsaet E, Rutjes F, PJT, van Delft FL. Chem Comm. 2011; 47:3198. [PubMed: 21286620] 

2. Bode JW, Hachisu Y, Matsuura T, Suzuki K. Org Lett. 2003; 5:391. [PubMed: 12583726] Bode JW, 
Uesuka H, Suzuki K. Org Lett. 2003; 5:395. [PubMed: 12583727] Takada A, Hashimoto Y, 
Takikawa H, Hikita K, Suzuki K. Angew Chem Int Ed. 2011; 50:2297.Other examples see Baraldi 
PG, Barco A, Benetti S, Pollini GP, Simoni D. Synthesis. 1987:857.Kozikowski AP. Acc Chem 
Res. 1984; 17:410.

Coffman et al. Page 10

European J Org Chem. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Alvarez-Builla, J.; Vaquero, JJ.; Barluenga, J., editors. Modern Heterocyclic Chemistry. Vol. 1. 
Wiley VCH Verlag and Co; Weinheim, Germany: 2011. p. 727Chapter 9

4. Butler JD, Coffman KC, Ziebart KT, Toney MD, Kurth MJ. Chem Eur J. 2010; 16:9002. [PubMed: 
20623732] 

5. Coffman KC, Palazzo TA, Hartley TP, Fettinger JC, Tantillo DJ, Kurth MJ. Org Lett. 2013; 
15:2062. [PubMed: 23557405] 

6. (a) Guirado A, Andreu R, Martinez B, Bautista D, Arellano CR, Jones PG. Tetrahedron. 2006; 
62:6172.(b) Fahmy AFM. ARKIVOC. 2006; 7:395.(c) Guirado A, Andreu R, Galvez J. Tet Lett. 
2003; 44:3809.(d) Pace A, Pibiri I, Buscemi S, Vivona N. Heterocycles. 2004; 63:2627.(e) 
Piccionello AP, Guarcello A, Buscemi S, Vivona N, Pace A. J Org Chem. 2010; 75:8724. [PubMed: 
21080723] 

7. Ray S, Madrid PB, Catz P, LeValley SE, Furniss MJ, Rausch LL, Guy RK, DeRisi JL, Iyer LV, 
Green CE, Mirsalis JC. J Med Chem. 2010; 53:3685. [PubMed: 20361799] 

8. Gemma S, Kukreja G, Tripaldi P, Altarelli M, Bernetti M, Franceschini S, Savini L, Campiani G, 
Fattorusso C, Butini S. Tet Lett. 2008; 49:2074.

9. Rahimizadeh M, Pordel M, Bakavoli M, Rezaein S, Eshghi H. Can J Chem. 2009; 87:724.

10. Singh V, Yadav GP, Maulik PR, Batra S. Synthesis. 2006; 12:1995.

11. Guha S, Drew MGB, Banerjee A. Org Lett. 2007; 9:1347. [PubMed: 17346055] 

12. For a related approach to dihydroisoxazolo[4,5-c]pyridin-4(5H)-ones, see: Jones RCF, Bhalay G, 
Carter PA, Duller KAM, Dunn SH. J Chem Soc, Perkin Trans. 1999; 1:765.

13. For some recent uses of zinc see, Carro L, Torrado M, Ravina E, Masaguer CF, Lage S, Brea J, 
Loza M. Eur J Med Chem. 2014; 71:237.Wu L, Lu M, Yan Z, Tang X, Sun B, Liu W, Zhou H, 
Yang C. Bio Med Chem. 2014; 22:2416.For some recent uses of iron see, Shang S, Zhang-
Negrerie D, Du Y, Zhao K. Angew Chem, Int Ed. 2014; 53:6216.Zhang N, Zhang X, Zhu J, 
Turpoff A, Chen G, Morrill C, Huang S, Lennox W, Kakarla R, Liu R, et al. Journal of Medicinal 
Chemistry. 2014; 57:2121. [PubMed: 24266880] 

14. Coffman KC, Hartley TP, Dallas JL, Kurth MJ. ACS Comb Sci. 2012; 14:280. [PubMed: 
22352295] 

Coffman et al. Page 11

European J Org Chem. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
(a) Ring opening of isoxazolopiperidinone to give orthogonally protected diamino acids. (b) 

2-Nitrophenylisoxazoles undergo reductive heterocyclizations to quinoline-4-amines, 3-

acyl-(1H)-indoles, and quinolin-4(1H)-ones.
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Figure 2. 
Quinoline-4-amine pharmaceuticals in comparison to the new cyclic quinoline-4-amines 

reported here.
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Scheme 1. 
Reduction of heterocyclic 3-(2-nitrophenyl)isoxazole. Reagents and conditions: i. Zn0 dust, 

HOAc, 0 – 120 °C, 1 or 18 hrs (see table).
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Scheme 2. 
Reductive heterocyclization (Zn0 dust, HOAc, 22 °C, overnight) of (a) 6,7-

dihydroisoxazolo[4,5-c]pyridin-4(5H)-ones and (b) 6,7-dihydrobenzo-[d]isoxazol-4(5H)-

one.
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Scheme 3. 
N-Alkylation of the 4-aminoquinoline amine.
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Table 1

Synthesis and reduction of 3-(2-nitrophenyl)isoxazoles – a functional group screen.

1 R1(C5) R2(C4) 2/HOAc[b] 2/NH4Cl[b]

a Me C(=O)Me 90% ND

b Me CO2Et 6%/63%[c] 22%/39%[c]

c Ph C ≡ N 76% 36%

d (C=CH2)Me H 0% 51%

[a]
No regioisomeric isoxazoles were detected in these cycloadditions.

[b]
Isolated yields.

[c]
Major product is ester hydrolysis (1b → 2b′/R2 = CO2H).
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Table 2

Cycloaddition of α-chlorobenzaldoxime-drived nitrile oxides onto piperidine-2,4-diones and cyclohexane-1,3-

dione.

7 X R1 R2 Yield[a]

a NBoc H H 89

b NBoc H 5-Cl 71

c NBoc Me H 58

d NBoc Me 5-Cl 43

e CH2 H H 57

[a]
Isolated yields.
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Table 3

Reductive heterocyclizations – temperature and time dependence.

entry time temperature 7a:8a:9a 9a yield[a]

1 18 h 120 °C 0:0:0 0

2 18 h 80 °C 0:0:1 81

3 18 h 22 °C 0:0:1 89

4 1 h 0 °C 9.5:4.4:1 7[b]

[a]
Isolated yields.

[b]
Recovered 7a (63%) and intermediate aniline 8a (29%).
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