
DOI: https://doi.org/10.24820/ark.5550190.p011.489   Page 265  ©AUTHOR(S) 

 

A Platinum Open Access Journal 

for Organic Chemistry 
Paper 

Archive for 

Organic Chemistry 
DOAJ Seal Arkivoc 2021, part viii, 265-276 

 

High yield synthesis of trans-azoxybenzene versus 2-isopropoxy-4-nitrobenzoic 
acid: influence of temperature and base concentration 

 

J. Jonathan Nué-Martínez, Ibon Alkorta, and Christophe Dardonville* 

 
aInstituto de Química Médica, IQM–CSIC, C/ Juan de la Cierva 3, 28006, Madrid, Spain 

Email: dardonville@iqm.csic.es  

 

This article is dedicated to Prof. José Elguero on the occasion of his 86th birthday 

Received   02-09-2021 Accepted   05-23-2021 Published on line   06-13-2021 

 

Abstract 

The reported two-step synthesis of 2-isopropoxy-4-nitrobenzoic acid from 2-hydroxy-4-nitrobenzoic acid, 

using iodopropane/K2CO3 and subsequent hydrolysis of the isopropyl 2-isopropoxy-4-nitrobenzoate 

intermediate with 45% NaOH/THF-EtOH at 80 °C, was reconsidered. (Z)-1,2-bis(4-carboxy-3-

isopropoxyphenyl)diazene-1-oxide derivative (3), which was isolated as main product (92%) of the reaction, 

was characterized by IR, 1H, 13C, and 15N NMR spectroscopy. The 15N chemical shifts were consistent with the 

trans-configuration for this azoxybenzene derivative. As an alternative, synthesis of 2-isopropoxy-4-

nitrobenzoic acid was accomplished in high yield (82%) working at room temperature and using lithium 

hydroxide instead of concentrate NaOH. Incorrect reaction temperature report or measurement in the 

published protocol (J. Org. Chem. 2011, 76, 7040) probably accounts for the discrepancies with our findings. 
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Introduction 

 

During our project dedicated to the design of new dicationic compounds active against kinetoplastid 

parasites,1-4 we needed to prepare 2-isopropoxy-4-nitrobenzoic acid (1). The two-steps synthesis of this 

compound had been reported earlier by Adler & Hamilton.5 Their synthetic approach consisted in the reaction 

of 2-hydroxy-4-nitrobenzoic acid with an excess of 2-iodopropane to form the di-alkylated intermediate 2. 

After an aqueous workup, the crude compound was treated with 45% aqueous NaOH in THF/EtOH at 80 °C to 

yield pure 1 (72% overall) by acid workup according to the reported procedure (Scheme 1).5,6  

 

 
 

Scheme 1. Reported two-step synthetic route to 2-isopropoxy-4-nitrobenzoic acid (1).5 

 

We tried to synthesize 1 following this reported procedure and, to our surprise, compound 1 was not 

obtained whereas a new compound (3), structurally closely related to 1, was consistently obtained as major 

product (72–89%) of the synthesis (Scheme 2). This was surprising because the occurrence of this major 

product was not mentioned by the authors (who reported 72% yield of 1 for this reaction, without any 

chromatographic purification).5  

In the present paper, we report the isolation and full spectroscopic characterization by IR, 1H, 13C, and 15N 

NMR of (Z)-1,2-bis(4-carboxy-3-isopropoxyphenyl)diazene-1-oxide (3), which is the major product of this 

synthesis using the reported protocol.5 We investigated the cause for  the different outcome of this reaction 

with respect to the literature report. Finally, we describe a practical two-step procedure for the synthesis of 1 

with 82% overall yield. 

 

 

Results and Discussion 
 

Synthesis of compound 1 

In all our attempts (from 180 mg to 5 g scale) to prepare 2-isopropoxy-4-nitrobenzoic acid (1) following the 

reported5 two-step protocol shown in Scheme 1, 1 was not detected in the crude reaction mixture whereas 

azoxybenzene 3 was isolated by crystallization from EtOAc and fully characterized (see below).  

Since azoxybenzene 3 was formed in the second step of the reaction, different conditions of hydrolysis of 

benzoate 2 (i.e. base, concentration, temperature) were tested (Table 1). When the reaction was performed 

with 45% aq. NaOH at 60 °C and 40 °C (entries 1-2), the expected acid 1 was obtained as major product (70 

and 81% detected by HPLC-MS, respectively). 
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Scheme 2. Main compound isolated (3) using the Adler & Hamilton two-step strategy to synthesize 1.5 

Reagents and conditions: i) K2CO3, DMF, 80 C, 16 h; ii) 45% aq. NaOH, THF:EtOH (1:2), 80 C, 15 h.  

 

However, 1 was not detected with temperature ≥80 °C (entries 3-4) whereas 3 and a new by-product (m/z 

195), possibly corresponding to 4-amino-2-isopropoxybenzoic acid (4), were obtained predominantly (Scheme 

2). When the reaction was performed with 10% aq. NaOH solution (entries 5-7), acid 3 was obtained as major 

product (approximately 77%) regardless of the temperature used in the reaction. Altogether, azoxybenzene 3 

was obtained as major by-product (≥ 19%) in all cases. Of note, the use of 45% aq. KOH instead of 45% NaOH 

(entry 8) was less efficient in producing azoxybenzene 3.  

 

Table 1. Conditions tested and products formed during the hydrolysis of benzoate 2 with concentrated 

aqueous sodium hydroxide solution  

Entry Conditionsa Detected productb (%) 

 Base T (°C)c 1 3 4 

1 

45% aq. NaOH 

40 81 19 0 

2 60 70 23 7 

3 80 0 96 4 

4 100 0 49 51 

5 

10% aq. NaOH 

40 76 24 0 

6 60 76 24 0 

7 100 79 21 0 

8 45% aq. KOH 80 39 61 0 

a Reactions were performed at 1 mmol scale following the same protocol as reported5 with the conditions 
indicated in the Table. b The products were detected by HPLC–MS. c The internal temperature of the reaction 
mixture was controlled with a thermometer. 

 

When the synthesis was repeated working at room temperature, compound 2 was isolated in 71% yield 

after silica chromatography (Scheme 3). Treatment of pure benzoate 2 with lithium hydroxide in THF/water at 

room temperature yielded benzoic acid 1 (83%) after column chromatography. When both steps of the 

reaction were performed at room temperature, an overall yield of 82% was achieved without the necessity of 

isolating intermediate 2. It should be noted that in the first step of this synthesis, the dialkylated intermediate 

2 was detected (HPLC–MS) as a mixture with approximately 15–33% of the final product 1. 
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Scheme 3. Synthesis of 3 in two steps. Reagents and conditions: i) K2CO3, DMF, rt, 20 h; ii) LiOH, THF:H2O (1:1), 

rt, 12 h, then 1M HCl.  

 

Elucidation of compound 3 structure 
1H nuclear magnetic resonance spectroscopy. The 1H NMR data of compounds 1, 2, and 3 are gathered in 

Table 2. Compound 1 spectrum shows one septuplet for the CH(Me)2 (H-12) whereas compound 2 shows two 

septuplets: one accounting for the phenolic H-12 of the OiPr group at 4.87 ppm (J = 6.0 Hz, 1H) and the other 

one corresponding to the benzoate OiPr group that appear downfield at 5.14 ppm (J = 6.0 Hz, 1H, H-15). The 
1H NMR spectrum of 3 in DMSO-d6 is consistent with an unsymmetrical molecule, with two septuplets 

corresponding to two C-H groups from the isopropoxy substituents at 4.81 and 4.69 ppm, respectively (Table 

2). The septuplet at 4.8 ppm, with similar chemical shifts in compounds 1, 2, and 3, was attributed to the 

phenolic isopropyl H-12. In contrast, the septuplet corresponding to H-12’ appears upfield at 4.69 ppm (Table 

2). Six aromatic H are observed in compound 3 with multiplicities corresponding to two ABX patterns for H-

1,3,4 and H-1’,3’,4’, respectively. Peak assignation was done with the help of Heteronuclear Multiple-bond 

Correlation (HMBC) and Heteronuclear Simple Quantum Correlation (HSQC) experiments. 
13C and 15N NMR spectroscopy and GIAO calculations. The geometry of compound 3 has been optimized at 

the B3LYP/6-311++G(d,p) computational level7-9 with the Gaussian program (Gaussian-16, A03).10 Frequency 

calculations have been carried out to confirm that the structure obtained corresponds to an energetic 

minimum. The 1H, 13C, and 15N chemical shifts of compound 3 reported in Table 3 were obtained with the 

gauge invariant atomic orbitals (GIAO) method11 (GIAO/B3LYP/6‐311++G(d,p) calculations)7-9,12 and a set of 

linear correlations13,14 established earlier to transform absolute shielding values (σ, ppm) into chemical shifts 

(δ, ppm). The solvent has been simulated using the polarizable continuum model (PCM)15 with the DMSO 

parameter in the geometry optimization, frequency and NMR calculations. The Cartesian coordinates of the 

minimum are gathered in the Supporting Information.  These calculated values were in good agreement with 

the experimental ones (Table 3).  
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Table 2 .1H NMR experimental data of compounds 1, 2 and 3 in DMSO-d6 

    

Atom 

1 

(300 MHz, DMSO-d6) 

2 

(400 MHz, DMSO-d6) 

3 

(500 MHz, DMSO-d6) 

H-1 7.85 (d, J = 2.0 Hz, 1H) 7.87 (d, J = 2.0 Hz, 1H) 7.91 (d, J = 2.0 Hz, 1H) 

H-1’   7.79 (d, J = 1.8 Hz, 1H) 

H-3 7.81 (dd, J = 8.4, 2.0 Hz, 1H) 7.82 (dd, J = 8.4, 2.0 Hz, 1H) 7.86 (dd, J = 8.4, 2.0 Hz, 1H) 

H-3’   7.62 (dd, J = 8.3, 1.8 Hz, 1H) 

H-4 7.75 (d, J = 8.4 Hz, 1H) 7.75 (d, J = 8.4 Hz, 1H) 7.77 (d, J = 8.4 Hz, 1H) 

H-4’   7.74 (d, J = 8.3 Hz, 1H) 

H-10, H-11   12.82 (br, 2H) 

H-12 4.84 (sept, J = 6.0 Hz, 1H) 4.87 (sept, J = 6.0 Hz, 1H), 4.81 (sept, J = 6.1 Hz, 1H) 

H-12’   4.69 (sept, J = 6.1 Hz, 1H) 

H-13,14 1.30 (d, J = 6.0 Hz, 6H). 1.31 (d, J= 6.0 Hz, 6H) 1.32 (d, J = 6.1 Hz, 6H) 

H-13’,14’   1.31 (d, J = 6.0 Hz, 6H) 

H-15  5.14 (sept, J = 6.0 Hz, 1H)  

H-16,17  1.30 (d, J= 6.0 Hz, 6H)  

 

 

Table 3. NMR chemical shifts (ppm) of compound 3 

 

Atom Experimental (DMSO-d6) Calcd (GIAO/PCM) │Δδ│a 

 δH δC δN δH δC δN δH δC δN 

1 7.91 108.9  8.10 106.7  0.19 2.2  

2  149.9   153.5   3.6  

3 7.86 114.0  8.21 114.1  0.35 0.1  

4 7.77 130.8  8.30 134.9  0.53 4.1  

5  127.4   120.4   7.0  

6  156.3   158.4   2.1  

7  166.9   165.3   1.6  
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Table 3. Continued 

Atom Experimental (DMSO-d6) Calcd (GIAO/PCM) │Δδ│a 

 δH δC δN δH δC δN δH δC δN 

8   -55.1   -60   4.9 

9   -49.6   -54.4   4.8 

10 12.82   11.17   1.65   

11 12.82   11.25   1.57   

12 4.81 71.7   76.9  0.06 5.2  

13 1.32 21.7  1.38 19.7  0.06 0.2  

1’ 7.79 111.4  9.16 106.2  1.37 5.2  

2’  146.3   148.4   2.1  

3’ 7.62 116.9  7.41 124.0  0.21 7.1  

4’ 7.74 130.77  8.34 134.0  0.6 3.2  

5’  124.0   118.5   5.5  

6’  156.2   158.4   2.2  

7’  167.0   165.5   1.5  

12’ 4.69 71.3  5.09 75.9  0.40 4.6  

13’ 1.31 21.8  1.56 19.9  0.25 1.5  

a Absolute value of the difference between the calculated and experimental chemical 

shifts 

 

When recording the 15N NMR spectrum of 3 in DMSO-d6 by g-HMBC using the standard J value of 8 Hz, no 

clear signals were observed due to high signal to noise ratio. Since the intensity of cross peaks depends on the 

heteronuclear (15N-1H) long-range coupling constants, we surmised that the J value used in the g-HMBC 

experiment was not a convenient one.16 Hence, we calculated the 3JNH and 4JNH coupling constants of 3 at the 

B3LYP/6-311++G(d,p) level of theory. As shown in Figure 1, the calculated 3JNH and 4JNH values are in the range 

0.41 to 2.38 Hz, which explains the failure of the first experiment using J = 8 Hz. In the repeated g-HMBC 

experiment optimized for J = 2.0 Hz, two cross-peaks at -55.1 and -49.6 ppm were observed that are 

consistent with the chemical shifts of N-8 (N+–O-) and N-9, respectively. These chemical shifts were in good 

agreement with the calculated values (Table 3) and the reported values for trans-azoxybenzene (-54.1 and 

-46.7 ppm, respectively)17 and 4’-substituted trans-azoxybenzenes.18,19 

 

 
 

Figure 1. Calculated 3JNH and 4JNH coupling constants and chemical shifts of 3. 
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Infrared spectroscopy. The IR spectrum of 3 was recorded from 4000 to 400 cm-1 on a FT-IR spectrometer 

fitted with a diamond single‐bounce ATR. A broad band at 2971 cm-1 (COO-H) and a strong band at 1682 cm-1 

(C=O) are indicative of a dicarboxylic acid derivative. The antisymmetric stretching (νas) of -N=N-O is observed 

at 1485 cm-1. The N=N stretch vibration is observed at 1408-1359 cm-1 which fits within the region of trans-

azoxybenzenes.20 The strong bands at 1290 – 1237 cm-1 are assigned to the CN(O) stretch with the oxygen-

coordinated nitrogen. The assignment of the N→O bond stretch is difficult due to overlapping with other 

vibrations. In the literature, it has been assigned to modes in the 1330-1295 cm-1 region for trans-

azoxybenzene.21 In our experiment, this could be related to the strong signal at 1290 cm-1. The N→O stretch 

contributes to the peak observed at 1136-1077 cm-1. The peak at 1178 cm-1 (non-resolved doublet) is 

indicative of the isopropyl group bonded to an oxygen. A medium band at 1112 cm-1 is assigned to phenyl CC 

stretch/CH in-plane bends in azoxybenzenes. A medium band at 855 cm-1 is assigned to azoxybenzenes. 

 

Discussion 

Our repeated attempts to synthesize 2-isopropoxy-4-nitrobenzoic acid 1 using the two-step protocol reported 

previously led to the formation of the unknown (Z)-1,2-bis(4-carboxy-3-isopropoxyphenyl)diazene-1-oxide (3) 

almost exclusively. Even though 1 was obtained as minor product of the synthesis in some cases, we were 

unable to reproduce the reported results. This was disconcerting because this major product was not even 

mentioned by the authors who reported an intriguing 72% yield of 1, without any chromatographic 

purification, for this reaction.5  

The conversion of nitrobenzenes to azoxybenzenes by heating nitro derivatives with alkaline solution such 

as alcoholic sodium or potassium alkoxide has been known for more than one hundred years ago.22,23 The 

formation of azoxybenzene is thought to occur through the condensation of an aryl nitroso with an aryl 

hydroxylamine formed in situ upon reduction of nitroarenes (Figure 2). Recently, Wei and Shi showed that 

nitrobenzenes could be selectively reduced to azoxybenzenes in 74% yield with alcohols (1-propanol> ethanol) 

as the hydrogen source and KOH as the promoter (e.g. octane/1-propanol/50 °C/24 h). With these conditions, 

sodium hydroxide appeared to be less effective.24 Accordingly, the harsh conditions used in the hydrolysis step 

by Adler & Hamilton (45% aq. NaOH/ THF–EtOH/ 80 °C/ 15 h) were highly compatible with the formation of 

azoxybenzene as reported in the literature.22-25 Our experiments confirmed that azoxybenzene 3 is a major by-

product of this synthesis when concentrated aqueous solution (10% or 45%) of sodium hydroxide in THF-EtOH 

is used for the hydrolysis step. However, compound 1 was obtained in reasonable yield (approximately 75% 

detected by HPLC–MS of the crude reaction mixture) when lower temperatures were used (i.e. 40 and 60 °C). 

Interestingly, and in contrast to the findings of Wei and Shi,24 the protocol reported here using 45% 

NaOH/THF-EtOH/80 °C was more efficient than KOH to produce the azoxybenzene derivative.  

Two more synthetic protocols to prepare 1 have been reported in the literature posterior to Adler’s 

work.6,26,27 These three-steps syntheses consist in the protection of 2-hydroxy-4-nitrobenzoic acid as methyl 

ester followed by alkylation of the 2-OH group with 2-propanol under Mitsunobu conditions26 or with 2-

bromopropane in the presence of base (e.g. K2CO3).27 Then, the methyl ester is hydrolysed with aqueous 

NaOH working at room temperature or 65 C to give the desired product 1 with 63% and 82% overall yields, 

respectively. These synthetic protocols, which use lower temperature for the hydrolysis step with aqueous 

NaOH, are consistent with our own observations. Hence, the most probable explanation for the discrepancy 

between our results and the reported ones is an inadequate measurement (or report) of the reaction 

temperature in Adler & Hamilton’s work. These results underscore the importance of accurate internal 

temperature control during the hydrolysis step when concentrated aqueous NaOH is used. 
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Figure 2. Putative mechanism for the formation of azoxybenzene 3. 

 

 

Conclusions 
 

To conclude, we have identified and fully characterized azoxybenzene 3 as main product (92%) of the 

synthesis of 2-isopropoxy-4-benzoic acid (1) using the harsh hydrolysis conditions (45% aq. NaOH/ THF–EtOH/ 

80 °C/ 15 h) reported earlier.5 This synthetic protocol may be useful for the gram scale synthesis of 2-alkoxy 

trans-azoxybenzene derivatives. The use of GIAO/density-functional calculations to predict chemical shifts and 

coupling constants was useful in the elucidation of the NMR spectra of 3, as was shown previously.16 

Alternatively, the synthesis of 1 was achieved successfully in high yield (82% overall) working at room 

temperature with a two-step procedure using lithium hydroxide as base instead of concentrated NaOH/EtOH-

THF.  

 

 

Experimental Section 
 

General. 1H NMR and 13C NMR were recorded on a Varian Inova-300 (1H: 300 MHz, 13C: 75.5 MHz), Varian 

System-500 (1H: 500 MHz, 13C: 125.8 MHz), and Bruker Avance III HD-400 (1H: 400.13 MHz, 13C: 100.62 MHz, 
15N: 40.54 MHz) spectrometers using solvent peak as internal reference (DMSO‐d6: 2.49 ppm for 1H and 39.5 

ppm for 13C). For 15N NMR, nitromethane (0.00 ppm) was used as external standard. Inverse proton detected 

heteronuclear shift correlation spectra, (1H‐13C) gs‐HMQC, (1H‐13C) gs‐HMBC, and (1H‐15N) gs‐HMQC, were 

carried out with the standard pulse sequences to assign the 1H, 13C, and 15N signals. The chemical shifts (δ) and 

coupling constants (J) are expressed in ppm and hertz respectively. Carbon attribution C, CH, CH2 and CH3 

were determined by 13C, HMBC and HMQC experiments. InfraRed (IR) spectra were recorded on a PerkinElmer 

Spectrum Two FT-IR spectrometer fitted with a diamond single‐bounce ATR. The spectrum was collected at 4 

cm−1 spectral resolution. The compound was pressed on the diamond crystal and measured directly without 
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any further sample preparation. Melting points were determined by using a Mettler Toledo MP70 apparatus. 

Merck silica gel (0.043-0.063 mm) was used for flash chromatography. Anhydrous solvents and starting 

materials were directly used as obtained commercially. Aqueous solutions of sodium hydroxide (Panreac® 

NaOH pellets, pure, pharma grade, 98.8% CoA purity) and potassium hydroxide (Panreac® KOH 85%, (86.2% 

CoA purity) pellets, USP-NF, Bp, Ph. Eur.) were prepared with distilled water. The solutions were allowed to 

cool to room temperature and filtered through filter paper before use. 

 

Procedures. Synthesis of 3 following the two-step protocol reported earlier5 for the preparation of 1 (similar 

results were obtained in different attempts working at 1 and 27 mmol scale).  

To a round-bottom screw cap pressure flask was added sequentially 2-hydroxy-4-nitrobenzoic acid (1099 mg, 6 

mmol), anhydrous N,N-dimethylformamide (12.5 mL), K2CO3 (2070 mg, 15 mmol), and 2-iodopropane (1.5 mL, 

15 mmol). The flask was capped and the reaction was stirred at 80 °C for 20 h. After being allowed to cool to 

room temperature, the mixture was diluted with ethyl acetate and washed successively with water (2×) and 

brine. The organic layer was dried over magnesium sulfate, filtered, and then the solution was evaporated to 

dryness to obtain a brownish oil. This material was taken up in tetrahydrofuran (5 mL), to which was added 

ethanol (12 mL) and 45% aqueous NaOH solution (12 mL). This mixture was allowed to stir at 80 °C (i.e. 

internal temperature) for 15 h. The resulting solution was allowed to cool to ambient temperature and then 

diluted with distilled water and washed twice with ethyl acetate. The aqueous solution was then acidified 

using 1 M aqueous HCl and extracted twice with diethyl ether. The combined organic layers were washed with 

an aqueous saturated sodium chloride solution, dried over magnesium sulfate, filtered, and solvent was 

removed under vacuum. Recrystallization from ethyl acetate yielded (Z)-1,2-bis(4-carboxy-3-

isopropoxyphenyl)diazene-1-oxide (3) as yellowish solid (1237 mg, 92%). mp 225.7 °C. IR (solid, νmax, cm-1): 

2971, 2925, 2869, 2641, 2563, 1682, 1580, 1551, 1485, 1446, 1408, 1387, 1290, 1237, 1178, 1137, 1112, 920. 
1H NMR data appear in Tables 2 and 3. 13C{1H} NMR (DMSO-d6, 101 MHz) δC 167.0 (C-7’), 166.9 (C-7), 156.3 (C-

6), 156.2 (C-6’), 149.9 (C-2), 146.3 (C-2’), 130.82 (C-4), 130.77 (C-4’), 127.4 (C-5), 124.0 (C-5’), 116.9 (C-3’), 

114.0 (C-3), 111.4 (C-1’), 108.9 (C-1), 71.7 (C-12), 71.3 (C-12’), 21.8 (C-13’), 21.7 (C-13). Anal. calcd. for 

C20H22N2O7 (403.14): C, 59.70; H, 5.51; N, 6.96. Found: C, 59.83; H, 5.79; N, 6.76. 

Synthesis of 2-isopropoxy-4-nitrobenzoic acid (1) using LiOH. Step 1. To a round-bottom flask containing a 

magnetic stir bar was added sequentially 2-hydroxy-4-nitrobenzoic acid (2.8 g, 15.2 mmol), anhydrous N,N-

dimethylformamide (20 mL), K2CO3 (5.24 g, 38 mmol), and 2-iodopropane (3.8 mL, 38 mmol).  The reaction 

was stirred at room temperature for 16 h. The mixture was diluted with dichloromethane and washed with 

distilled water twice followed by an aqueous saturated sodium chloride solution (brine). The organic layer was 

dried over magnesium sulfate, filtered, and the solvent was evaporated under vacuum. Column 

chromatography was performed using hexane/ethyl acetate: 100/0 → 97/3 as elution system, yielding 

isopropyl 2-isopropoxy-4-nitrobenzoate (2) as yellowish oil (2.9 g, 71.4%). 1H NMR: see Table 2. 13C{1H} NMR 

(DMSO-d6, 101 MHz) δC 164.8 (C-7), 156.0 (C-6), 149.9 (C-2), 130.7 (C-4), 128.8 (C-5), 115.0 (C-3), 108.8 (C-1), 

71.8 (C-12), 68.9 (C-15), 21.52 (C-13, C-14), 21.49 (C-16, C-17). MS (ESI+) m/z 268.37 (M+H). Anal. calcd for 

C13H17NO5: C, 58.42; H, 6.41; N, 5.24. Found: C, 58.00; H, 6.33; N, 5.36. 

Step 2. A Kimax tube was loaded with 2 (300.5 mg, 1.1 mmol), LiOH (135.3 mg, 5.7 mmol) and 16 mL THF/H2O 

(1:1). The reaction mixture was stirred at room temperature for 12 h. THF was then evaporated under vacuum 

and the aqueous solution acidified with 1 M aqueous HCl. The product was extracted with dichloromethane, 

washed with brine, and dried over magnesium sulfate. Finally, the solvent was removed under vacuum. 

Recrystallization from ethyl acetate yielded 1 as a light yellow solid (212 mg, 83.4%). mp 142-143 °C (lit.6 146-

147 °C). HPLC-UV: 100%. 1H NMR: see Table 2.  13C{1H} NMR (DMSO-d6, 126 MHz) δ 166.7 (C-7), 156.0 (C-6), 
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149.7 (C-2), 130.8 (C-4), 129.8 (C-5), 115.1 (C-3), 109.4 (C-1), 71.9 (C-12), 21.6 (C-13, C-14). MS (ESI+) m/z 226.1 

(M+H). Anal. calcd for C10H11NO5∙0.5H2O: C, 51.28; H, 5.16; N, 5.98. Found: 50.89; H, 4.95; N, 5.95. 

 

Alternative protocol for the synthesis of 1 (without isolating the benzoate intermediate): to a stirred solution 

of 2-hydroxy-4-nitrobenzoic acid (500 mg, 2.7 mmol) in dry DMF (5 mL) was added K2CO3 (943 mg, 6.8 mmol) 

at once. After 5 minutes stirring, 2-iodopropane (0.7 mL, 6.8 mmol) was added dropwise to the mixture. After 

16 hours stirring at room temperature, the crude reaction mixture was diluted with EtOAc and extracted with 

1M aq. HCl. The organic phase was washed with saturated NaCl solution, dried over Na2SO4, filtered and the 

solvent was evaporated under vacuum to yield a yellowish oil (HPLC > 95%). The crude oil was diluted in a 

mixture of THF/H2O (1:1, 10 mL), followed by the addition of LiOH (240 mg, 10 mmol). After 6 hours stirring at 

room temperature, the crude reaction mixture was diluted with CH2Cl2 and extracted with 1M aq. HCl. The 

organic phase was washed with brine, dried over Na2SO4 and evaporated under vacuum. Compound 1 was 

obtained as yellowish solid (369 mg, 82 %) by recrystallization from EtOAc. 
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Supplementary Material 
 

NMR spectra of compounds 1-3. Electronic energy (hartree), number of imaginary frequencies and cartesian 

coordinates (Å) of compound 3 calculated at B3LYP/6-311++G(d,p)/PCM(DMSO) computational level.  
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