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Abstract 

Aza-Henry is one of effective and fundamental carbon-carbon bond-forming reactions in 

organic chemistry. This reaction is also a useful method for preparation of versatile 

compounds containing nitrogen atom as well as for the synthesis of many bioactive 

molecules. The objective of this paper was to investigate the synthesis of β-nitroamines in 

mild conditions using inexpensive NaHCO3 as a catalyst. This process was efficient and 

compatible with a wide range of imines to afford a direct access to β-nitroamine 

compounds in very good yields up to 89% and high selectivities. 

Keywords: Aza-Henry reaction; amine; imine; β-nitroamine. 

1. Introduction 

The aza-Henry reaction, other name nitro-Mannich reaction, is powerful protocol 

that allows the synthesis of series molecule containing nitrogen atom such as natural 

bioactive compounds [1]. The aza-Henry type reaction represent an elegant method for 

the formation of β-nitroamines. This transformation involves: imine formation from an 

aniline and a carbonyl compound and subsequent the Mannich reaction of imine with a 

nitro compound containing Hα gives target molecules [2]. Interest in the nitro-Mannich 

reaction arises from the value of the β-nitroamine products, which possess vicinal 

nitrogen-containing functionalities in differing oxidation states, providing the 

opportunity for selective manipulation of either. Furthermore, the versatility of the nitro 

group allows access to other important structural motifs such as 1,2-diamines (via nitro 

reduction) [3], monoamines (via reductive denitration) [4], and α-aminocarbonyls (via 

the Nef reaction) [5].  

The aza-Henry reaction has been known for long time and efficient method to 

form C-C bond for synthesis of bioactive molecules. In the best of our knowledges, 

there have been no reported paper related to this reaction in our country to date. Thus, in 

this paper, we investigated this aza-Henry reaction between nitromethane and variety of 

imines to find out the best conditions to afford directly β-nitroamine compounds. 
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2. Experimental 

All reagents were obtained commercially and used without further purification. 

All reactions have been carried out under a nitrogen atmosphere and dry conditions. The 

reaction mixtures have been magnetically stirred with teflon stirring bars, and the 

temperatures were measured externally. All the reactions have been monitored by thin 

layer chromatography (TLC), carried out on 0.25 mm Merck silica gel plates (60 F254). 

The eluents used were mixtures of n-pentane and ethyl acetate (EtOAc), with detection 

by UV light, or a KMnO4 staining solution. Acros silica gel (60, particle size  

0.040-0.063 mm) was used for column chromatography. Infrared spectrum has been 

recorded with Spectrum Two, Perkin Elmer at Le Quy Don Technical University. The 

nuclear magnetic resonance (NMR) spectras have been recorded with Brucker Avance 

500 MHz spectrometers at Vietnam National University. 1H NMR spectra: δ (H) are 

given in ppm relative to tetramethylsilane (TMS), using δ (CDCl3) = 7.26 ppm as 

internal reference. 13C NMR spectra: δ (C) are given in ppm relative to TMS, using δ  

(CDCl3) = 77.0 ppm as internal reference. Multiplicities were designated as singlet (s), 

doublet (d), triplet (t), quadruplet (q), quintuplet (qt), multiplet (m) or br (broad). 

General procedure for the synthesis of aryl imine. To a solution of aldehyde 

(10.0 mmol), was slowly added amine (10.0 mmol). The reaction mixture was stirred in 

15 minutes then 2.5 ml ethanol was added at room temperature. The reation mixture was 

kept cooled at 5oC. The product that separated out was collected by filtration as a solid, 

purified by washing with ethanol-ether (1:1, v/v), finally recrystallized from ethanol and 

dry in vacuo. 

N,1-diphenylmethanimine (1a): Yellow solid; Rf = 0.66 (hexane/EtOAc: 4/1); 

mp 52-54oC; IR ν(cm-1) 3061, 2891, 1625, 1589, 1483, 1450, 1366, 1314, 1192, 1073, 

906, 755. 

1-(4-methoxyphenyl)-N-phenylmethanimine (1b): Yellow solid; Rf  = 0.62 (hexane/ 

EtOAc: 4/1); mp 58-59oC; IR ν(cm-1) 3065, 2936, 2838, 1602, 1573, 1506, 1482, 1418, 

1302, 1241, 1162, 1030, 758. 

General procedure for the synthesis of N-tert-butylsulfinyl imines: To a 0.2 M 

solution of N-tert-butylsulfinylamide (1.0 equiv) in CH2Cl2 was added 2.2 equiv of 

anhydrous CuSO4 followed by the aldehyde (1.2 equiv) or ketone (1.5 equiv). The 

mixture was stirred at room temperature for 12-24h. After addition of water (5 ml) the 

reaction mixture was extracted with EtOAc (3 x 15 ml). The organic extracts were 

combined, dried (Na2SO4) and concentrated under vacuum. The crude product was 
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purified by column chromatography on silica gel by using as eluent a 4:1 mixture of  

n-hexane and EtOAc to yield pure compounds 1c, 1d, 1e.  

N-benzylidene-2-methylpropane-2-sulfinamide (1c): Colorless liquid; Rf = 0.54 

(hexane/EtOAc: 4/1); IR ν(cm-1) 2994, 2978, 2952, 2930, 1677, 1605, 1575, 1456, 1365, 

1170, 1089; 1H NMR (500 MHz, CDCl3) δ (ppm) 8.59 (s, 1H), 7.84-7.87 (m, 2H),  

7.44-7.55 (m, 3H), 1.30 (s, 9H); 13C NMR (125 MHz, CDCl3) δ (ppm) 162.6, 134.0, 132.3, 

129.2, 128.8, 57.6, 22.5. 

N-(4-methoxybenzylidene)-2-methylpropane-2-sulfinamide (1d): White solid;  

Rf = 0.43 (hexane/EtOAc: 4/1); mp 91-93°C; IR ν(cm-1) 2996, 2975, 2960, 2905, 2890, 

1650, 1592, 1505, 1456, 1320, 1250, 1154, 1080; 1H NMR (500 MHz, CDCl3) δ (ppm) 

8.51 (s, 1H), 7.79 (d, J = 8.5 Hz, 2H), 6.96 (d, J = 8.5 Hz, 2H), 3.87 (s, 3H), 1.25 (s, 9H); 

13C NMR (125 MHz, CDCl3) δ (ppm) 104.9, 104.4, 94.6, 93.3, 89.1, 70.7, 70.0, 59.4.  

Ethyl-2-((tert-butylsulfinyl)imino)acetate (1e): Yellow liquid; Rf = 0.53 (hexane/ 

EtOAc: 4/1); IR ν(cm-1) 2989, 2935, 2903, 2893, 1830, 1800, 1750, 1730, 1678, 1555, 

1295, 1183, 1080, 1010. 

General procedure for the synthesis of β-nitroamine compounds with NaHCO3 

catalyst. To a 0.2 M solution of N-tert-butylsulfinyl imine (1 equiv) in CH2Cl2 was added 

NaHCO3 (0.2 equiv) and CH3NO2 (3 equiv). The mixture was stirred at room temperature 

for 72h. The resulting mixture was hydrolyzed with water (10 ml), acidified with 2 M 

hydrochloric acid (3 ml) and extracted with EtOAc (3 x 15 ml). The organic extracts were 

combined, dried over anhydrous Na2SO4, and concentrated under vacuum. The crude 

product was purified by column chromatography on silica gel by using as eluent a 4:1 

mixture of n-hexane and EtOAc to yield pure compound. 

N-(2-nitro-1-phenylethyl)aniline (3a). The general procedure was followed with 

420 mg (2 mmol) of N,1-diphenylmethanimine, 34 mg (0.4 mmol) of NaHCO3 and 366 mg 

(6 mmol) of CH3NO2. Chromatography delivered 390 mg (73%) of 3a. Brown solid;  

Rf = 0.55 (hexane/EtOAc: 4/1); m.p. 73-75oC. IR ν(cm-1) 3354, 3078, 3058, 3027, 2970, 

2916, 2894, 1604, 1546, 1514, 1489, 1458, 1381, 1264, 1181, 1083, 1067; 1H NMR (500 MHz, 

CDCl3) δ (ppm) 7.40 (m, 4H), 7.34 (m,1H), ), 7.15 (t, 2H, J = 7.9 Hz), 6.75 (t, 1H,  

J = 7.3 Hz), 6.62 (d, 2H , J = 7.9Hz), 5.17 (q, 1H, J = 6.5 Hz), 4.72 (d, 2H, J = 6.7 Hz), 4.39 

(d, 1H, J = 6.5 Hz); 13C NMR (125 MHz, CDCl3) δ (ppm) 145.7, 137.8, 129.4, 129.3, 

128.7, 126.5, 119.0, 113.9, 80.0, 56.7.  
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N-(1-(4-methoxyphenyl)-2-nitroethyl)aniline (3b). The general procedure was 

followed with 1.06 g (5 mmol) of 1-(4-methoxyphenyl)-N-phenylmethanimine, 84 mg 

(5 mmol) of NaHCO3 and 915 mg (15 mmol) of CH3NO2. Chromatography delivered  

950 mg (70%) of 3b. Dark-red thick oil; Rf = 0.35 (hexane/EtOAc: 4/1); IR ν(cm-1) 3382, 

3054, 3030, 3011, 2961, 2935, 2912, 2937, 1604, 1552, 1514, 1440, 1379, 1251, 1177, 

1070, 1030; 1H NMR (500 MHz, CDCl3) δ (ppm) 7.31 (d, 2H, J = 8.6 Hz), 7.15 (t, 2H,  

J = 7.8 Hz), 6.90 (d, 2H, J = 8.8 Hz), 6.75 (t, 1H, J = 7.4 Hz), 6.61 (d, 2H, J = 8.6 Hz), 5.11 

(q, 1H, J = 6.4 Hz), 4.69 (m, 2H), 4.32 (d, 1H, J = 7.6 Hz), 3.79 (s, 3H); 13C NMR (125 MHz, 

CDCl3) δ (ppm) 153.1, 139.7, 138.0, 129.3, 128.6, 126.5, 115.7, 114.9, 80.1, 57.7, 55.7. 

N-(tert-Butylsulfinyl)-2-nitro-1-phenylethanamine (3c). The general procedure 

was followed with 560 mg (2.7 mmol) of N-benzylidene-2-methylpropane-2-sulfinamide, 

45 mg (0.54 mmol) of NaHCO3 and 494.3 mg (8.1 mmol) of CH3NO2. Chromatography 

delivered 583 mg (81%) of 3c. Yellow oil; Rf = 0.56 (hexane/EtOAc: 1/1); IR ν(cm-1) 3201, 

3060, 3025, 2978, 2960, 2924, 1551, 1455, 1376, 1243, 1046; 1H NMR (500 MHz, CDCl3) 

δ (ppm) 7.42–7.33 (m, 5H), 5.10–5.06 (m, 1H), 4.85 (dd, J = 13.4, 7.3 Hz, 1H), 4.78 (dd,  

J = 13.4, 4.6 Hz, 1H), 4.45 (d, J = 5.0 Hz, 1H), 1.25 (s, 9H); 13C NMR (125 MHz, CDCl3) 

δ (ppm) 136.1, 129.1, 129.0, 127.3, 80.0, 56.8, 56.2, 22.5. 

N-(1-(4-methoxyphenyl)-2-nitroethyl)-2-methylpropane-2-sulfinamide (3d). The 

general procedure was followed with 580 mg (2.4 mmol) of N-(4-methoxybenzylidene)-2-

methylpropane-2-sulfinamide, 40 mg (0.48 mmol) of NaHCO3 and 439.5 mg (7.2 mmol) of 

CH3NO2. Chromatography delivered 542 mg (75%) of 3d. Yellow oil; Rf = 0.39 

(hexane/EtOAc: 1/1); IR ν(cm-1) 3210, 2998, 2978, 2910, 2895, 2824, 1747, 1551, 1456, 

1380, 1250, 1170, 1046, 801; 1H NMR (500 MHz, CDCl3) δ (ppm) 7.3-6.92 (m, 5H), 

5.14 -5.02 (m, 1H), 4.73 (m, 2H), 4.41 (d, 1H), 3.81 (s, 3H), 1.24 (s, 9H); 13C NMR (125 MHz, 

CDCl3) δ (ppm) 160.1, 128.5, 114.7, 80.1, 60.4, 57.3, 56.6, 22.4. 

Ethyl 2-((tert-butylsulfinyl)amino)-3-nitropropanoate (3e). The general procedure 

was followed with 530 g (2.5 mmol) of ethyl-2-((tert-butylsulfinyl)imino)acetate, 42 mg 

(0.5 mmol) of NaHCO3 and 475.5 mg (7.5 mmol) of CH3NO2. Chromatography 

delivered 609 mg (89%) of 3e. Yellow oil; Rf = 0.45 (hexane/EtOAc: 1/1); IR ν(cm-1) 

3325, 2998, 2978, 2960, 2890, 1746, 1555, 1487, 1421, 1240, 1046, 1010 cm-1.  

1H NMR (500 MHz, CDCl3) δ (ppm) 7.42-7.33 (m, 5H), 5.10-5.06 (m, 1H), 4.92 (dd, 

2H), 4.69 (s, 1H), 4.27 (q, 1H), 4.15 (q, 1H), 1.27 (t, 3H), 1.25 (s, 9H); 13C NMR  

(125 MHz, CDCl3) δ (ppm) 136.1, 129.1, 129.0, 127.3, 80.0, 56.8, 56.2, 22.5. 
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3. Results and discussion 

Initial investigation involved developing the aza-Henry reaction between  

N-benzylidene aniline 1a and nitromethane 2 at the molar ratio of 1:1 as model reaction 

(Scheme 1). Firstly, reaction was carried out in presence of Na2CO3 as a catalyst. After 

stirring in CH2Cl2 at room temperature until disappearance of the starting materials  

(3 days, monitoring reaction by TLC) the desired product 3a was obtained in 50% yield.  

 

Scheme 1. Synthesis of compound 3a 

To optimize this reaction, a series of catalysts to screen the aza-Henry reaction 

was investigated including Lewis or Brønsted acids or base such as Na2CO3, K2CO3, 

NaHCO3, CuFe2O4, BINOL-phosphate, DMAP (Tab. 1). The results were shown in  

Tab. 1 and NaHCO3 was the best catalyst for this reaction in CH2Cl2, at room 

temperature. The β-nitroamine was obtained in 62% isolated yield after 72h of reaction. 

Important factor that should be seriously addressed when investigating the aza-Henry 

reaction is the effect of the catalyst concentration on the reaction yield. The reaction was 

then stirred in CH2Cl2 at room temperature, at the catalyst concentration of 5 mol%,  

10 mol% and 20 mol%, respectively. 

Tab. 1. Effect of the nature of catalyst on the aza-Henry reaction yield 

Catalyst Na2CO3 K2CO3  NaHCO3 CuFe2O4 DMAP 
BINOL-

phosphate 

Yield of 3a 50% 49% 62% 25% 12% 54% 

It was found that the yield reaction was significantly affected by the catalyst 

concentration. The aza-Henry reaction using 5 mol% catalyst proceeded inefficiently, 

affording only 60% yield after 72h. As expected, increasing the catalyst concentration led 

to a dramatic enhancement in the reaction rate. A yield of 72% was obtained after 72h for 

the using 10 mol% catalyst, with this value could be improved to 75% for the case of  

20 mol%, but not significant increase (Tab. 2). 
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Tab. 2. Effect of the catalyst concentration on the aza-Henry reaction yield 

Catalyst concentration 5 mol% 10 mol% 20 mol% 

Yield of 3a 60% 72% 75% 

On the other hand, the influence of molar ration between imine 1 and nitromethan 

2 was also studied. The reaction was carried out at room temperature in CH2Cl2 using  

10 mol% NaHCO3 catalyst at the imine 1a: nitromethane 2 molar ratio of 1:1, 1:2, 1:3 

and 1:4 respectively. It was observed that the reagent molar ratio also exhibited a 

significant effect on the reaction yield. It seemed that the reaction might reach a 

dynamic equilibrium after stirring 72h at the molar ratio imine: nitromethane of 1:3. 

Tab. 3. Effect of the imine 1a: nitromethane molar ratio on the aza-Henry reaction yield 

Molar ratio 1:1 1:2 1:3 1:4 

Yield of 3a 51% 59% 73% 75% 

Furthermore, the effect of the different solvents on the rate of an organic reaction 

using NaHCO3 catalyst should also be seriously taken into consideration. We therefore 

decided to investigate the effect of different solvents on the yield reaction such as THF, 

CH2Cl2, toluene, ethanol and non-solvent. In several cases, the solvent could strong 

accelerate or slow down the reaction, depending on the nature of the solvent. The 

reaction was carried out in non-polar aprotic solvents (entry CH2Cl2, THF, toluene) that 

could give β-nitroamine compounds from moderate to excellent yield up to 73% with 

CH2Cl2 as the best solvent. On the contrary, reaction could afford the desired product in 

low yield in protic solvent (entry ethanol) or in free solvent (Tab. 4). 

Tab. 4. Effect of different solvents on the aza-Henry reaction yield 

Solvent toluene CH2Cl2 ethanol THF free-solvent 

Yield of 3a 65% 73% 34% 58% 30% 

Finally, the study was then extended to the aza-Henry reaction of nitromethane with 

different imines in the presence of NaHCO3 10 mol% as catalyst. The reaction carried out 

for 72h at room temperature in CH2Cl2, at the imine: nitromethane molar ratio of 1:3. 

Experimental results showed that the nature of imine structure exhibited a significant 

effect on the reaction yield. The aza-Henry reaction of sulfinyl imines could afford 89% 

yield after 72h. The presence of an electron-donating group in the imine led to a 

significant drawback in the reaction rate, with only 70% yield being achieved (Tab. 5). 
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Tab. 5. Synthesis of compound 3 

 

Entry 
Imin 1 β-nitroamine derivative 3 

No. R1 R2 No. Structure Yield (%) 

1 1a Ph Ph 3a 

 

73 

2 1b Ph 4-MeOPh 3b 

 

70 

3 1c S(O)C(CH3)3 Ph 3c 

 

81 

4 1d S(O)C(CH3)3 4-MeOPh 3d 

 

75 

5 1e S(O)C(CH3)3 EtCO2 3e 

 

89 

As expected, the rate of transformation of reaction increased in the presence of 

electron- withdrawing group in imine structure. The corresponding desired product was 

obtained in 89% with 3e, respectively (Tab. 5). This result was in agreement with 

literature [6], with electron-withdrawing group, the imine was activated as an 

electrophilic agent for the nucleophilic addition reaction. 

The 1H-NMR spectrum of compound 3a displayed a multiple at 7.46 ppm (5H) 

corresponding to N-C6H5 aromatic protons and three picks at 7.23 (triplet), 6.75 (triplet) 

and 6.61 ppm (doublet) are corresponding to five protons of the other aromatic C-C6H5. 

The multiple at 3.17 is the CH-N proton and a doublet at 4.72 ppm is corresponding to  

2 protons of CH2-NO2. The important signal showed at 4.38 ppm, which was attributed 

to NH group. Furthermore, in the spectrum of 13C-NMR, signals are clearly observed 

for all carbon atoms. All the data of analysis of 1H, 13C NMR, together with FT-IR, are 

in agreement with the reported data in literature [6].  
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Fig. 1. 1H NMR spectrum of compound 3a 

 

Fig. 2. 13C NMR spectrum of compound 3a 
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4. Conclusion 

In summary, we have reported a new efficient procedure to synthesis of  

β-nitroamine compounds. Using 10 mol% of NaHCO3 as a catalyst, the methodology 

was efficient and compatible for versatile imines as starting materials. We have found 

that the optimal condition of this reaction is at room temperature, in CH2Cl2 as a solvent 

and at molar ration of imine:nitronethane of 1:3, desired products were obtained from 

moderate to high yield up to 89%. It was evident that this modified pathways, especially 

in asymmetric synthesis, could be streamlined to better yield and better stereoselectivity 

for this reaction in the future. 
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NGHIÊN CỨU ĐIỀU CHẾ β-NITROAMIN  

BẰNG PHẢN ỨNG AZA-HENRY 

Tóm tắt: Aza-Henry là một trong những phản ứng thông dụng, hiệu quả để tạo liên kết 

mới cacbon-cacbon. Phản ứng này cũng là một trong những phương pháp rất hữu ích để điều 

chế các hợp chất chứa nitơ cũng như tổng hợp các hợp chất có hoạt tính sinh học. Mục tiêu 

của bài báo này là nghiên cứu tổng hợp các β-nitroamine bằng phản ứng aza-Henry trong 

các điều kiện êm dịu với xúc tác NaHCO3. Kết quả cho thấy phương pháp tổng hợp này rất 

hiệu quả và tương thích với nhiều loại imine để tạo thành các hợp chất β-nitroamine với hiệu 

suất cao lên tới 89% và có độ chọn lọc cao. 

Từ khóa: Phản ứng aza-Henry; amine; imine; β-nitroamine. 

Received: 26/10/2018; Revised: 20/12/2018; Accepted for publication: 27/02/2019 

 


