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A novel, efficient and atom economical one pot protocol for the synthesis of N-(β-nitro)amides has been 

described by combining the Henry reaction with Ritter reaction. The designed products could be obtained 

from easily available aldehydes, nitroalkane and nitriles with 60-83% over all yields under mild reaction 

conditions. In addition, the product can easily be transformed into diamine or protective amine 

derivatives. 10 

Introduction 

N-(β-nitro)amides are important organic intermediates that have 

been widely used in the synthesis of natural products, drugs and 

agrochemicals since the nitro group can be easily converted to 

other useful functional groups such as amine, carboxylic acid, 15 

oxime.1, 2 Thus, the studies for the development of efficient 

methods to synthesize N-(β-nitro)amides have attracted 

considerable attention both from organic chemists and medicinal 

chemists. The first method to synthesize N-(β-nitro)amides was 

reported by Jelena and co-workers in 1952,3, 4 which use nitro 20 

methane or ethyl nitro acetate to substitution of the amide group 

of bisamides to form the designed products. From then on, a 

variety of synthetic methods have been reported to synthesize N-

(β-nitro)amides such as aza-Michael additions of amides to nitro 

alkenes,5-8 aza-Henry reaction of nitro protected imines9-11 and 25 

nitroacetamidation12-14 of styrene ( Figure 1). However, most of 

the present methods for synthesize N-(β-nitroalkyl) amides are 

not atom economical and suffer from limited substrates. 

Therefore, the development of an efficient and atom economical 

method for the synthesis of N-(β-nitro)amides with sufficient 30 

diversity is still highly desirable and of significant value.  

Ritter reaction is a classical acid-catalyzed reaction between a 

carbocation precursor, such as a substituted olefin or alcohol, and 

nitriles to generate amides.15-38 This is an atom economical 

reaction. It has versatile applications for the synthesis of active 35 

pharmaceutical intermediates and heterocycles, particularly for 

the preparation of bulky amides, which can be precursors of 

hindered amines. In recent years, it has been developed greatly 

both in the catalyst system and the substrate scope. Variously 

amides, such as unsymmetrical di- and trisubstitutedureas, 3-40 

substituted-3-aminooxindoles, 4-acylam-inotetrahydroindazoles, 

N-(4-iodo-1,3-diarylbutyl)acetamides, have been synthesized 

with this reaction. In principle, Ritter reaction could be an 

efficient method to synthesize N-(β-nitro)amides by reacting the 

corresponding β-nitro alcohols or nitro alkenes with nitriles. 45 

However, to the best of knowledge, the synthesis of N-(β-

nitro)amides by Ritter reaction has been rarely explored. Only 

one example was reported by Bach, 21 which use 2-nitro-1-

phenylpropan-1-ol 1 to react with benzonitrile under the catalysis 

of trifluoromethanesulfonic acid to get the N-(β-nitro)amides 3 50 

with good yield and moderate diastereoselectivity (Scheme 1). 

Up to now, a general preparation of N-(β-nitro)amides by Ritter 

reaction  is still underdeveloped. 
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Figure 1 Selected methods to synthesize N-(β-nitro)amides 55 

 
Scheme 1 Bach reported N-(β-nitro) amides by Ritter reaction 

It is obvious that the alcohol 1 could be synthesized by the Henry 

reaction between benzylaldehyde and nitro ethane.39-44 Thus, we 

are wondering whether the N-(β-nitro)amide product 3 could be 60 

synthesized by reacting acetonitrile directly with the in situ 
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formed alcohol 1 that prepared by the nucleophilic addition of 

nitro ethane to benzylaldehyde under the catalysis of base. 

Herein, we wish to report a novel and efficient protocol to 

synthesize N-(β-nitro) amides by tandem Henry/Ritter reaction, 

which has a versatile substrates scope and an environment-5 

friendly reaction conditions. 

Results and discussion 

Initially, benzylaldhyde and nitro methane were chosen as the 

standard substrates to optimize the reaction conditions of Henry 

reaction. It was found that 1,4-diazabicyclo[2.2.2]octane 10 

(DABCO) was a proper base for the Henry reaction, and 67% 

yield could be obtained when one equivalent of DABCO was 

added into the dichloromethane solution of the substrates at 20 oC 

(entries 1-5, Table 1). To the best of our knowledge, there is no 

report about DABCO was used as a promoter in Henry reaction. 15 

Highest yield could be obtained when set up the reaction in 

acetonitrile under otherwise identical conditions, which clearly 

shown that the polar solvent system was helpful to get better 

yield for the reaction (entries 5-8, Table 1). The yield would drop 

to 71% from 83% when the reaction temperature was increased to 20 

40 oC, and 90% yield could be obtained when the reaction 

temperature was decreased to 0 oC. Decreasing the reaction 

temperature to -20 oC could not clearly improve the yield (entries 

8-11, Table 1). Thus, 0 oC was used in the following experiments. 

Next, we found 95% yield could be achieved when 0.5 equivalent 25 

of DABCO was added into the reaction. Further decreasing the 

loading of DABCO or reaction time resulted poor yield (entries 

13-16, Table 1). The same yield was obtained when the reaction 

time was prolonged to 48 hours (entry 17, Table 1). 

Table 1 Optimization of reaction conditions of Henry reaction.a 30 

 

Entry Base (eq.) 
Temp.(

oC) 
Sol. 

Time 

(h) 

Yield 

(%)b 

1 TEA (1) 20 DCM 24 25 

2 DEA (1) 20 DCM 24 20 

3 t-BuOK (1) 20 DCM 24 44 

4 EtONa (1) 20 DCM 24 20 

5 DABCO (1) 20 DCM 24 67 

6 DABCO (1) 20 CHCl3 24 65 

7 DABCO (1) 20 Toluene 24 10 

8 DABCO (1) 20 MeCN 24 83 

9 DABCO (1) 40 MeCN 24 71 

10 DABCO (1) 0 MeCN 24 90 

11 DABCO (1) -20 MeCN 24 91 

12 DABCO (0.5) 0 MeCN 24 95 

13 DABCO (0.2) 0 MeCN 24 45 

14 DABCO (0.1) 0 MeCN 24 30 

15 DABCO (0.5) 0 MeCN 6 50 

16 DABCO (0.5) 0 MeCN 12 70 

17 DABCO (0.5) 0 MeCN 48 95 

18 DABCO (0.5) 0 PhCN 24 87 

19 DABCO (0.5) 0 BnCN 24 90 

a1.0 mmol of benzaldehydeand 4.0 mmol of nitromethane were 

used for each reaction. b isolated yield. DABCO = 1,4-
diazabicyclo[2.2.2]octane. 

Table 2 Optimization of reaction conditions of Ritter reaction.a 

 
Entry MeCN (mL) Sol. (mL) Temp. (oC) Acid (eq.) Yield (%)b 

1 2.0 - 0 TfOH (3.0) ND 

2 2.0 - 80 TfOH (3.0) ND 

3 1.0 Toluene (1.0) 100 TfOH (3.0) 34 

4 1.0 CHCl3 (1.0) 60 TfOH (3.0) 25 

5 1.0 DCM (1.0) 40 TfOH (3.0) 35 

6 0.5 DCM (1.5) 40 TfOH (3.0) 82 

7 0.5 DCM (2.0) 40 TfOH (3.0) 78 

8 0.5 DCM (4.0) 40 TfOH (3.0) 50 

9 0.5 DCM (6.0) 40 TfOH (3.0) 20 

10 0.5 DCM (1.0) 40 TfOH (3.0) 55 

11 0.5 DCM (1.5) 20 TfOH (3.0) 60 

12 0.5 DCM (1.5) 0 TfOH (3.0) 35 

13 0.5 DCM (1.5) 40 TfOH (2.0) 47 

14 0.5 DCM (1.5) 40 TfOH (4.0) 80 

15 0.5 DCM (1.5) 40 Bi(OTf)3 (3.0) <5 

16 0.5 DCM (1.5) 40 DNBSA (3.0) <5 

17 0.5 DCM (1.5) 40 BF3
.Et2O (3.0) <5 

18 0.5 DCM (1.5) 40 FeCl3 (3.0) <5 
a1.0 mmol of benzaldehyde and 4.0 mmol of nitromethane were used for each reaction. b isolated yield. DNBSA =2,4-dinitrobenzene 35 

sulfonic acid 

With the optimized reaction conditions for Henry reaction in 

hand, we started to test whether Ritter reaction would happen by 

directly adding Lewis acid or Brønst acid to the reaction mixture. 

At the beginning, three equivalents of pure 40 

trifluoromethanesulfonicacid (TfOH) were added to the reaction 

mixture of Henry reaction, and no designed Ritter reaction 

product was detected no matter the reaction temperature was kept 

at 0 oC or increased to 80 oC for 24 hours (entries 1 and 2, Table 
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2). Fortunately, we found moderate yield could be obtained when 

1 mL of acetonitrile was replaced with equal volume of other 

solvents such as toluene, chloroform and dichloromethane 

(entries 3-5, Table 2). Lewis acid such as Bi(OTf)3, BF3
.Et2O and 

FeCl3 were not efficient catalyst for the current reaction system, 5 

and no more than 10% yield could be obtained when these acids 

were used in the reaction  (entries 15-18, Table 2). 

Dichloromethane (DCM) was found to be the best solvent for the 

reaction since highest yield could be obtained albeit at low 

reaction temperature. Next, we found 82% yield could be 10 

achieved when 0.5 mL acetonitrile and 1.5 mL DCM were used 

as the solvent for the reaction. It seems that the ratio of the two 

solvents was important to get high yield since adding more DCM 

or acetonitrile into the reaction would cause a lower yield (entries 

6-9, Table 2). 40 oC was the best temperature for the reaction, 15 

lowering the temperature would cause a clearly decline of the 

yield. Three equivalents of TfOH were enough for the reaction. 

We didn’t found obviously impact on the yield when more TfOH 

was added. 

Table 3 Synthesis of various N-(β-nitro)amides via Henry/Ritter reactiona 20 

 

NO2

NHO

R3

3a, R3 = Me, 82% yield

3b,R3 = Ph, 79% yield

3c, R3 = Bn, 76% yield

3d, R3 = CHCH2, ND

NO2

NHO

R3

3e, R3 = Me, 83% yield

3f, R3 = Ph, 81% yield

3g, R3 = Bn, 76% yield

3h, R3 = CHCH2, ND

F

NO2

NHO

R3

3i, R3 = Me, 78% yield

3j, R3 = Ph, 72% yield

3k, R3 = Bn, 75% yield

Cl

NO2

NHO

R3

3l, R3 = Me, 77% yield

3m, R3 = Ph, 81% yield

3n, R3 = Bn, 72% yield

Br

NO2

NHO

R3

3o, R3 = Me, 78% yield

3p, R3 = Ph, 70% yield

3q, R3 = Bn, 68% yield

Me

NO2

NHO

R3

3r, R3 = Me, 71% yield

3s, R3 = Ph, 65% yield

3t, R3 = Bn, 62% yield

Br

NO2

NHO

R3

3u, R3 = Me, 70% yield

3v, R3 = Ph, 62% yield

3w, R3 = Bn, 63% yield

S NO2

HN

O

3aa, 80% yield

NO2

NHO

R3

3x, R3 = Me, 74% yield, 88% dr

3y, R3 = Ph, 73% yield, 69% dr

3z, R3 = Bn, 70% yield, 78% dr
 

a1.0 mmol of benzaldehyde and 4.0 mmol of nitromethane were 

used for each reaction, isolated yield. 

With the optimized reaction conditions in hand, the substrate 

scope of the reaction was explored. Various aldehydes and 

nitriles were used and a series of N-(β-nitro)amides were 25 

synthesized through this protocol. We found the structure of 

nitrile was important for the reaction. As shown in Table 3, 

moderate to good yields could be obtained when acetonitrile, 

benzonitrile and phenylacetonitrile were used in the reaction, but 

no product could be isolated when acrylonitrile was used under 30 

otherwise identical conditions. All the tested aromatic aldehydes 

were good substrates for the reaction. Nevertheless, aliphatic 

aldehydes were not good substrate for the reaction, and no 

designed product could be isolated when they were used.The 

yield of the reaction was barely impacted by the electron donating 35 

or withdrawn groups on the phenyl ring of the aromatic aldehydes. 

The stereohindrance of the aldehyde would not decline the 

activity significantly. As shown in 3r-3w, 62-71% yield could be 

obtained also when 2-bromobenzaldehyde and 2-

naphthaldehydewere used in the reaction. Nitroethane was still a 40 

proper substrate for the reaction, and more than 70% yield and 69% 

dr value could be obtained. Heteroaromatic aldehyde such as 

thiophene-2-carbaldehyde could be used as good substrate for the 

current reaction system, and 80% of 3aa was obtained. 

 45 

Scheme 2 Conversion of N-(2-nitro-1-phenylethyl) benzamide 3b into 

1,2-diamine 7 and double protective derivatives 8 

To illustrate the synthetic utility of the present method, the 

conversion of N-(2-nitro-1-phenylethyl) benzamide 3b into 1,2-

diamine 7 and double protective derivatives 8 were conducted by 50 

known methods, respectively (Scheme 2). The corresponding 

products 7 and 8 were obtained in good yields. 

Conclusions 

In conclusion, a novel, efficient and atom economical one pot 

protocol for the synthesis of N-(β-nitro)amides has been 55 

described by combining the Henry reaction with Ritter reaction.  

The DABCO was firstly found to be an efficient promoter in the 

Henry reaction. The designed N-(β-nitro)amides could be easily 

obtained with 60-83% over all yields by directly adding TfOH to 

the solution of Henry reaction under mild reaction conditions. 60 

The electron rich and deficient aromatic and heteroaromatic 

aldehydes were tolerable in the current system, and high yield 

could be obtained for all the tested aromatic aldehydes. The 

protocol provided a simple and environment-friendly alternative 

to prepare N-(β-nitro)amides from easily available aldehydes, 65 

nitroalkane and nitriles. Furthermore, the product can be 

transformed into diamine or protective amine derivatives. 

Experimental Section 

General procedures for the synthesis of 2-nitro-1-phenyl-

ethanol 70 

The mixture of benzaldehyde (1.0 mmol), nitromethane (4.0 

mmol) and base were stirred in the solvent at designed 

temperature for designed time. Then the solvent was removed 

under reduced pressure and the residue was purified by silicagel 

column chromatography (petroleum ether/ethyl acetate = 10/1) to 75 

give the corresponding 2-nitro-1-phenylethanol. 
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General procedures for the synthesis of N-(β-nitroalkyl) 

amides 

The 2-nitro-1-arylethanol (1.0mmol), nitrile (4 mmol), and 1,4-

diazabicyclo[2.2.2]octane (DABCO, 0.5 mmol) were dissolved in 

nitrile (0.5 mL). The reaction mixture was stirred at 0 ℃ for 24 5 

hours. Then the trifluoromethanesulfonic acid (3 mmol) was 

added and the mixture was stirred at 40 ℃ for 24 hours. The 

reaction was then quenched by the addition of sodium 

bicarbonate at room temperature. The solvent was removed under 

reduced pressure and the residue was purified by silicagel column 10 

chromatography (petroleum ether/ethyl acetate = 10/1) to give the 

corresponding N-(β-nitroalkyl) amides. 

The procedures for the synthesis of 7 

To a well-stirred mixture of N-(2-nitro-1-phenylethyl) benzamide 

(130.1 mg, 0.5 mmol) and Nickel chloride hexahydrate (119 mg, 15 

0.5 mmol) in absolute ethyl alcohol (5 mL) at 0 ℃ , sodium 

borohydride (90 mg, 5 mmol) was added. The mixture was stirred 

at 0 ℃ for 2 hours and then quenched with saturated aqueous 

NH4Cl. The mixture was diluted with dichloromethane. The 

organic layer was separated and aqueous layer was extracted with 20 

CH2Cl2 (10 mL×3). The combined extracts were washed with 

water (10 mL×2), dried over magnesium sulfate and concentrated 

under vacuum to afford crude amine intermediate 6. The crude 

amine 6 was dissolved in absolute ethyl alcohol (5 mL). Sodium 

hydroxide was introduced slowly which made the pH exceed 12. 25 

The mixture was stirred at 90 ℃  for 5 hours and then 

concentrated under reduced pressure. After purification by flash 

chromatography with neutral alumina (dichloromethane/methyl 

alcohol = 10/1), the product 7 was obtained  (82% yield). 

The procedures for the synthesis of 8 30 

To a well-stirred mixture of N-(2-nitro-1-phenylethyl) benzamide 

(130.1 mg, 0.5 mmol) and Nickel chloride hexahydrate (119 mg, 

0.5 mmol) in absolute ethyl alcohol (5 mL) at 0 ℃ , sodium 

borohydride (90 mg, 5 mmol) was added. The mixture was stirred 

at 0 ℃ for 2 hours and then quenched with saturated aqueous 35 

NH4Cl. The mixture was diluted with dichloromethane. The 

organic layer was separated and aqueous layer was extracted with 

CH2Cl2 (10 mL×3). The combined extracts were washed with 

water, dried over magnesium sulfate and concentrated under 

vacuum to afford crude amine intermediate 4. The crude amine 4 40 

and were dissolved in H2O/ 1, 4-dioxane (1: 2 mL). The (Boc)2O 

(130.8 mg, 0.6 mmol) was added. Then sodium hydroxide was 

introduced slowly which made the pH exceed 12. The mixture 

was stirred at room temperature for 2 hours and then extracted 

with EtOAc(10 mL×3). The combined organic extracts were 45 

dried over MgSO4. The solvent was removed under reduced 

pressure. After purification by flash chromatography (petroleum 

ether/ethyl acetate = 5/1), the product 8 were obtained (72% 

yield). 
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