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Nitropyridine substrates 1 

The nitropyridines reported in Figure S1 were purchased from commercial sources, and were used 

as received as reaction substrates, or as intermediates for the preparation of the reaction substrates. 

 

Figure S1 

 

The remainder of the reaction substrates were prepared as detailed here. 

 

Synthesis of 1g and 1h via direct nitration of 3-halopyridines 

 

Following the literature,1 TFAA (4.2 mL, 30 mmol) is added to a 50 mL flask equipped with a magnetic 

stirring bar. After cooling to 0 °C, the 3-halopyridine (5 mmol) was added slowly, and the resulting 

mixture stirred at the same temperature for 2 h. Then, concentrated aq. nitric acid (60% w/w, 0.5 mL, 

12.5 mmol) was added dropwise, the mixture stirred for 12 h, then added slowly to a stirred, aq. 

NaHSO3 solution (9 mmol, 950 mg in 7.4 mL of water). After additional 24 h, the pH of the mixture 

was adjusted to 6-7 by addition of aq. NaOH 25% w/w. The aqueous phase was extracted with 

dichloromethane, the organic extract dried over MgSO4, filtered and evaporated. Chromatographic 

purification (EP/EtOAc 8:2) afforded the pyridines 1g and 1h as white solids in 10% and 7% yield, 

respectively, with spectral data consistent with the literature.1,2 Despite the considerably lower yield 

value obtained, compared to the literature that reports 76% yield for the chloro derivative 1g, by 

repeating the process a few time the amount of material was sufficient for our purposes, and the 

reasons for this discrepancy were not investigated. 
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Synthesis of 3-nitro-5-phenylpyridine 1e via Suzuki coupling3 

 

3-Chloro-5-nitropyridine 1g (279 mg, 1.76 mmol), phenyl boronic acid (299 mg, 2.45 mmol), 

Pd(PPh3)4 (228 mg, 0.197 mmol), aq. Na2CO3 (2 M, 2.2 mL, 4.41 mmol), were added to dioxane 

(61.5 mL) in a 250 mL flask equipped with a magnetic stirring bar and a reflux condenser. The mixture 

was flushed with N2 for 5 min, then heated to 90 °C under N2 overnight. After cooling to RT, the 

mixture was diluted with CH2Cl2 (20 mL), filtered on Celite, and concentrated under reduced 

pressure. The residue was purified by chromatography on silica gel, affording compound 1e as a 

white solid in 40% yield. NMR data are consistent with the literature.4 

Synthesis of 3-morpholin-4-yl-5-nitropyridine 1f via Buchwald-Hartwig amination5 

 

To a stirred solution of 1h (286 mg, 1.4 mmol), in dry, degassed toluene (27 mL), were sequentially 

added morpholine (0.24 mL, 2.8 mmol), Pd2dba3 (93 mg, 0.1 mmol), SPhos (86 mg, 0.21 mmol), and 

KOt-Bu (314 mg, 2.8 mmol). The mixture was heated to reflux with stirring, and, after 12 h, cooled 

to RT and concentrated under reduced pressure. The residue was taken in EtOAc (20 mL), and the 

organic phase washed with sat. aq. NaHCO3 (3 x 20 mL), and brine (20 mL). The organic phase was 

dried over MgSO4, filtered and evaporated under reduced pressure. The crude product was purified 

by chromatography on silica gel (EP/EtOAc 7:3), affording 1f as a red solid in 36% yield. 1H NMR 

(CDCl3, 400 MHz) δ = 8.84 (d, J = 2.2 Hz, 1H), 8.52 (d, J = 2.2 Hz, 1H), 7.82 (t, J = 2.5 Hz, 1H), 

3.90-3.85 (m, 4H), 3.32-3.25 (m, 4H); 13C NMR (CDCl3, 101 MHz)  = 146.9, 142.3 (2C), 134.7, 

114.9, 66.2, 47.7. 

Synthesis of 2-butoxy-3-nitropyridine 1k via SNAr 

 

Product 1k was obtained in the attempt to prepare the azoxy product from 1j. A toluene/n-BuOH 1:1 

mixture (1 M, 1 mL) was added to a vial equipped with a magnetic stirring bar containing the 

nitropyridine 1j (158.5 mg, 1 mmol). NaOH (finely ground, 50 mg, 1.25 mmol, 1.25 equiv.) was added 

to the vial, and the mixture immediately heated (pre-heated oil bath) to 80 °C with stirring. After 1.25 
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h, the mixture was allowed to cool to RT, and quenched with water. The product was extracted with 

CH2Cl2, the combined organic phases dried over MgSO4, filtered, and evaporated under reduced 

pressure. Chromatographic purification (CH2Cl2) afforded the nitropyridine 1k in 77% yield as a 

yellow oil. 1H NMR (CDCl3, 400 MHz) δ = 8.36 (dd, J = 4.8, 1.8 Hz, 1H), 8.23 (dd, J = 7.9, 1.8 Hz, 

1H), 7.00 (dd, J = 7.9, 5.0 Hz, 1H), 4.49 (t, J = 6.6 Hz, 2H), 1.85-1.76 (m, 2H), 1.56-1.46 (m, 2H), 

0.98 (t, 7.4 Hz, 3H); 13C NMR (CDCl3, 101 MHz) δ = 156.5, 151.5, 134.8, 134.1, 116.1, 67.5, 30.7, 

19.1, 13.7. 

Synthesis of 2-ethoxy-3-nitropyridine 1m via SNAr 

 

EtONa (490 mg, 7.2 mmol) is added portionwise to a solution of 1j (1.00 g, 6.6 mmol) in EtOH. The 

reaction mixture is then heated to 75 °C for 1 h, cooled to RT, and quenched with aq. citric acid (1 

M, 25 mL), and H2O (25 mL). After rotary evaporation to remove most EtOH, the mixture was 

extracted with EtOAc (3 x 15 mL), and the combined organic extracts dried over MgSO4, filtered, and 

evaporated to dryness. Chromatographic purification (EP/EtOAc 9:1) afforded compound 1m as a 

low melting transparent solid in 55% yield. NMR data for 1m are consistent with the literature.6 

Synthesis of 2-ethoxy-5-nitropyridine 1n via SNAr 

 

Sodium (250 mg, 10.8 mmol) is added portionwise to 13 mL of magnetically stirred EtOH. After 1 h, 

the 2-chloro-5-nitropyridine (1.585 g, 10 mmol) was added. The reaction mixture is kept under stirring 

at RT overnight, then heated to reflux for 2 h. After cooling to RT, the mixture is diluted with CH2Cl2 

(20 mL) and H2O (20 mL). The phases were separated, and the organic phase washed with water 

(2 x 20 mL). The organic phase was dried over MgSO4, filtered and evaporated, giving compound 

1n as a pale yellow solid in 98% yield. NMR data are consistent with the literature,7 and the 

compound was sufficiently pure to be used for the reduction without additional purification. 

Synthesis of 4-(5-nitropyridin-2-yl)morpholine 1o via SNAr8 

 

Morpholine (4.20 mL, 50 mmol) and Et3N (3.2 mL, 23 mmol) were added to a stirred solution of 2-

chloro-5-nitropyridine (1.585 g, 10 mmol) in CH2Cl2. After 3 h stirring at RT, the solution was washed 
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with water (20 mL), aq. HCl (0.1 M, 2 x 20 mL), and water (20 mL). The organic phase was dried 

over MgSO4, filtered and evaporated, affording compound 1o as a yellow solid in quantitative yield. 

NMR data are consistent with the literature,9 and the compound was sufficiently pure to be used for 

the reduction without additional purification. 

Synthesis of 3-nitropyridine N-oxide 1r via oxidation10 

 

H2O2 (30% V/V, 1.2 mL) and TFAA (2.5 mL) were sequentially added to cooled (0 °C) and stirred 

CH2Cl2 (5 mL). A solution of 3-nitropyridine (304.5 mg, 2.45 mmol) in CH2Cl2 (5 mL) was then added, 

and the resulting mixture was stirred at RT. After 24 h, an additional portion of H2O2 (30% V/V, 1.2 

mL) was added. After further 24 h stirring at RT, the solution was washed with water (10 mL), and 

aq. Na2CO3 (10% w/w, 2 x 5 mL). The organic phase was dried over MgSO4, filtered and slowly 

evaporated under ambient pressure (open flask). The resulting yellow/orange needles were carefully 

washed with cold (0 °C) EtOH, giving compound 1r in pure form (30% yield). NMR data are in 

accordance with the literature.11 

Synthesis of 4-(6-nitropyridin-3-yl)morpholine 1s and 2-nitro-5-(piperidin-1-yl)pyridine 1t via 
SNAr12 

 

Morpholine (150 L, 1.74 mmol), or piperidine (150 L, 1.52 mmol) and i-Pr2EtN (300 L, 1.72 mmol) 

were added to a solution of 5-chloro-2-nitropyridine (159 mg, 1 mmol), in acetonitrile (7 mL), and the 

mixture heated to 80 °C with stirring. After 72 h for compound 1s, or 48 h for compound 1t, the 

mixture was cooled to RT and evaporated under reduced pressure. Chromatographic purification 

(from CH2Cl2 to CH2Cl2/EtOAc 2:1 for 1s, EP/EtOAc 7:3 for 1t) afforded compound 1s in 20% yield 

as yellow needles, or compound 1t as a yellow solid in 53% yield. NMR data are consistent with the 

literature.13 
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Mechanisms of the reduction of nitroarenes 

The reduction of nitroarenes I to azoxyarenes V using hydroxides in ethanol has been proposed to 

proceed via the elementary reductive steps sketched in Scheme S1, where the ethoxide transfers a 

hydride to the nitro and the nitroso groups of compounds I and II, respectively (Scheme S1).14 

Nitrosoarenes II then condense with N-arylhydroxylamines III affording azoxyarenes V. 

 

Scheme S1 

Other contributors argue however that the reduction of nitroarenes I to azoxyarenes V with alkoxides 

proceeds via complex sequences of single electron and proton transfer steps, possibly intertwined 

with disproportionation events.15 In a different reaction employing NaOt-Bu in combination with 

nitroarenes, the reduction of nitro- to nitroso-arenes is hypothesised to proceed via SET from the 

alkoxide to the nitroarenes, delivering upon coordination by sodium putative four-membered 

intermediates, as well as the tert-butoxy radical that fragments into acetone and methyl radical. The 

four-membered ring species suffers a second SET event that ultimately leads to the elimination of 

NaO- and the concomitant generation nitrosoarenes II (Scheme S2).16 
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Scheme S2 

Moreover, the pathway leading to the azoxyarenes V from nitrosoarenes II can be rationalized 

without invoking the typical condensation reaction between nitrosoarenes II and N-aryl 

hydroxylamines III. Thus, the formation of azoxyarenes V from nitroso compounds II may involve 

single-electron reduction of II by an alkoxide, and dimerization of the resulting radical anions IX to 

azodioxydianions (X). These species then undergo proton-transfer and loss of hydroxide resulting in 

azoxyarenes V (Scheme S3).17 

 

Scheme S3 

Azoxyarenes V have also been prepared from nitrosoarenes II under neutral conditions, using 

isopropanol as reductant.18 The proposed reaction pathway (pathway 1, Scheme S4) involves the 

dimerization of II to azodioxy compounds VIII, followed by reduction via an intramolecular hydride 

transfer step from isopropanol. Since the reaction occurs even without isopropanol, that is, in the 

absence of obvious reducing agents, an alternative pathway 2 was considered to be possible. In this 

pathway, water reduces the azodioxy compounds VIII releasing hydrogen peroxide. 
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Scheme S4 
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Copies of NMR spectra of azoxypyridines 2 

(Z)-1,2-Di(pyridin-3-yl)diazene 1-oxide (2b) 

 

N

N
N

N

O

13C NMR (CDCl3, 101 MHz)
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(Z)-1,2-Bis(5-methylpyridin-3-yl)diazene 1-oxide (2d) 
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(Z)-1,2-Bis(5-phenylpyridin-3-yl)diazene 1-oxide (2e) 
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(Z)-1,2-Bis(5-morpholinopyridin-3-yl)diazene 1-oxide (2f) 
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(Z)-1,2-bis(5-chloropyridin-3-yl)diazene 1-oxide (2g) 
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(Z)-1,2-Bis(5-bromopyridin-3-yl)diazene 1-oxide (2h) 
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N
N

N
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1H NMR (CDCl3, 600 MHz)
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(Z)-1,2-Bis(2-ethoxypyridin-3-yl)diazene 1-oxide (2m) 
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(Z)-1,2-Bis(6-ethoxypyridin-3-yl)diazene 1-oxide (2n) 
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(Z)-1,2-Bis(6-morpholinopyridin-3-yl)diazene 1-oxide (2o) 
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(Z)-1,2-Bis(5-morpholinopyridin-2-yl)diazene 1-oxide (2s) 
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(Z)-1,2-Bis(5-(piperidin-1-yl)pyridin-2-yl)diazene 1-oxide (2t) 
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Copies of IR (ATR) spectra of azoxypyridines 2 

(Z)-1,2-Di(pyridin-3-yl)diazene 1-oxide (2b) 

 

(Z)-1,2-Bis(5-methylpyridin-3-yl)diazene 1-oxide (2d) 
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(Z)-1,2-Bis(5-phenylpyridin-3-yl)diazene 1-oxide (2e) 

 

(Z)-1,2-Bis(5-morpholinopyridin-3-yl)diazene 1-oxide (2f) 
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(Z)-1,2-Bis(5-chloropyridin-3-yl)diazene 1-oxide (2g) 

 

(Z)-1,2-Bis(5-bromopyridin-3-yl)diazene 1-oxide (2h) 
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(Z)-1,2-Bis(2-ethoxypyridin-3-yl)diazene 1-oxide (2m) 

 

(Z)-1,2-bis(6-ethoxypyridin-3-yl)diazene 1-oxide (2n) 
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(Z)-1,2-Bis(6-morpholinopyridin-3-yl)diazene 1-oxide (2o) 

 

(Z)-1,2-Bis(5-morpholinopyridin-2-yl)diazene 1-oxide (2s) 
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(Z)-1,2-Bis(5-(piperidin-1-yl)pyridin-2-yl)diazene 1-oxide (2t) 
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