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Abstract 

An economical and versatile protocol for the one-pot synthesis of monomethylamines 

by reduction of the N-substituted carbonylimidazolides with NaBH4/I2 in THF at reflux 

was described. By this method, no special catalyst is used and various 

monomethylamines can be easily obtained in a moderate to good yield from a wide 

range of raw materials including amines (primary amines and secondary amines), 

carboxylic acids and isocyanates. Besides, interesting reduction selectivity was 

demostrated. Exploration of the reaction process shows that it undergoes a two-step 

pathway via the formamide intermediate and the reduction of the formamide 

intermediate to monomethylamine is the rate-determining step. This work can 

contribute significantly to better expanding the application of the N-substituted 

carbonylimidazolides.  
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Introduction 

N-Methyl amines are widely found in natural products, fine chemicals, 

agrochemicals, pharmaceuticals and dyes[1]. Traditional methods for the preparation 

of N-methyl amines involve the direct methylation of amines by using methyl 

halides[2], dimethyl sulphate[3], diazomethane[4], methyl triflate[5] or dimethyl 

carbonate[6] as the methylation reagents and the reductive amination reactions by 

using formaldehyde or paraformaldehyde as the “indirect” alkylation reagent[7]. 

Recently, a variety of promising methylating agents or C1 sources such as formic 

acid[8], methanol[9] and carbon dioxide (CO2)[10] have been developed for the N-

methylation of amines. However, these N-alkylation methods often require the 

employment of expensive catalysts, and the N-alkylation of primary amines generally 

does not stop with monomethylation as expected and inevitably provides a mixture of 

multiple methylated products because of the competing overalkylation 

reactions[6c,7,8,9,10,11]. 

In order to obtain pure monomethylation product, the conventional method is 

to introduce alkyl formate, formacyl, methylene or their equivalents to amines, 

followed by reduction to give methyl[12]. The protection/methylation/deprotection 

strategies have also been developed for the preparation of monomethylation objects, 

which are particularly suitable for peptide chemistry since the protecting groups are 
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often required in peptide synthesis[13]. These multi-step reaction methods are 

conducive to avoid overmethylation products. 

Although procedures for the synthesis of monomethylamines have been 

developed over the past years, the starting materials are mainly restricted regarding 

amines, in addition, expensive reagents or catalysts are usually required, which limit 

their applications to some extent. N-substituted carbonylimidazolides are highly 

attractive intermediates with suitable stability for isolation or storage, and various 

good methods for preparing them have been developed by employing different 

starting materials such as amines[14], isocyanates[15] and carboxylic acids[16]. Because 

the carbonyl carbon atom on carbonylimidazolide moiety is easily attacked by 

nucleophile and the imidazole group is readily dissociated, the N-substituted 

carbonylimidazolides have favourable reactivity and can be widely used in the 

synthesis of various valuable products such as ureas[17], carbamates[17d,18], 

thiocarbamates[17d], cyanoformamides[19]. However, all of these works are primarily 

focused on the substitution reaction of N-substituted carbonylimidazolides. In our 

previous work, we conveniently prepared formamides by reducing N-substituted 

carbonylimidazolides with NaBH4
[16] (Scheme 1). The reaction mechanism shows that 

H- ion acted as a nucleophile to attack the carbonyl carbon to cause the imidazolium 

ion to leave without reducing the carbonyl group. Although this work expands the 

application of N-substituted carbonylimidazolides, the reaction can still be regarded 

as a substitution reaction, which is attributed to the weak reducibility of NaBH4. 
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Scheme 1. The synthesis of formamides and monomethylamines 

In this work, our goal is to reduce the carbonyl on N-substituted 

carbonylimidazolides. The inexpensive NaBH4/I2 system has great attraction because 

it is more reductive due to the generation of highly reactive BH3-THF by adding iodine 

to NaBH4 in THF [20] and the reaction conditions are not significantly changed 

compared to our previous preparation of formamide. With this reduction system, we 

achieved a one-step conversion from N-substituted carbonylimidazoliides to 

methylamine. This interesting work will help to synthesize pure monomethylamines 

from a wide range of raw materials including amines, carboxylic acids and 

isocyanates in a mild and safe reaction condition. 

 

Results and Discussion 

Initially, N-phenethyl carbonylimidazolide (1b) was chosen as a model 

substrate to react with 3.0 equiv. of NaBH4 and 1.0 equiv. of I2 in THF at reflux, as 

expected, the carbonylimidazolide moiety was successfully converted into methyl 

group and the target monomethylamine (1c) was obtained in 70% yield after 6 h 

(Table 1, entry 1). When the amount of NaBH4 was increased from 3.0 equiv. to 4.0 

equiv. and 5.0 equiv., the reaction time was shortened from 6 h to 4 h and 1 h, 

respectively. Further increasing the amount of NaBH4 to 6.0 equiv., only a slight 

decrease of the reaction time was observed. In addition, the yield of 1c showed few 

changes with the increase of the amount of NaBH4 from 3.0 equiv. to 6.0 equiv. 

Obviously, 5.0 equiv. of NaBH4 was optimal to perform the reaction. Since I2 was 

used to improve the reducibility of NaBH4, we next investigated the effect of the 

amounts of I2 on the reaction. The use of 0.5 equiv. of I2 in the presence of 5.0 equiv. 

of NaBH4 afforded traces of methylamine but most of the N-phenethyl formamide in 6 
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h (Table 1, entry 5). Increasing the amount of I2 from 1.0 equiv. to 1.5 equiv. (Table 1, 

entry 6), the reaction was not significantly accelerated. All the above results might 

indicate that an assembly of 1.0 equiv. of I2 and 5.0 equiv. of NaBH4 was sufficient to 

complete the reaction in one hour. 

Table 1. Optimization of the reaction conditions.a 

 

Entry 
Starting 

material 

NaBH4 

(equiv.) 

I2 

(equiv.) 
Time(h)b Yield(%)c 

1 1b 3.0 1.0 6 70 

2 1b 4.0 1.0 4 72 

3 1b 5.0 1.0 1 74 

4 1b 6.0 1.0 0.9 75 

5 1b 5.0 0.5 6 trace 

6 1b 5.0 1.5 1 73 

aThe reactions were carried out with 1b (1.0 equiv., 2 mmol), NaBH4, I2, THF (25 ml) under reflux.  

b The reaction was monitored by TLC.  

c Isolated yield was based on 1c. 

With the optimized reaction conditions in hand, we investigated the synthesis 

of other N-methylamines from various N-substituted carbonylimidazolides (Table 2). 

As a proof of the versatility and applicability of the proposed method, N-substituted 

carbonylimidazolides were prepared from amines (1b-14b)[14,16,17b], isocyanates(15b-

17b) [15], and carboxylic acids (18b-20b) [16], respectively (For detailed experimental 

procedures, see ESI). All types of these N-substituted carbonylimidazolides reacted 

smoothly with NaBH4/I2 to provide the corresponding N-methylamines in satisfactory 

yields. 
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The impacts of different substituents on the reaction were well investigated. As 

shown in Table 2, the alkyl substituents (R) in the N-alkyl carbonylimidazolides had 

weak influence on the reaction (Table 2, entries 1-7, 18, 19). Whether bearing one 

substituent (e.g. 1b-5b, 15b, 18b, 19b) or two substituents (e.g. 6b and 7b) in the N-

alkyl carbonylimidazolides, the reaction proceeded well, affording the desired product 

in 60-83% yields. Noted that the reaction time of 7b (2 h) was obviously longer than 

that of 1b-6b (1 h), 18b (1 h) and 19b (1 h), possibly because the steric hindrance of 

two benzyl groups on 7b slowed the reaction. Encouraged by the above mentioned 

results, we then tested N-aryl carbonylimidazolides in the reaction. To our delight, N-

aryl carbonylimidazolides with either electron-donating (9b and 10b) or electron-

withdrawing groups (11b, 16b and 17b) on the aryl rings were all transformed, 

affording the expected products in 70-85% yields. Bearing two substituents in the N-

aryl carbonylimidazolides, such as 12b (R1= methyl, R2= phenyl) and 13b (R1= 

phenyl, R2= phenyl), they were also amenable to this protocol, giving the 

corresponding product 12c and 13c in 71% and 67% yield respectively. Furthermore, 

by using 2.0 equiv. of I2 and 10.0 equiv. of NaBH4, the substrate 14b with double N-

substituted carbonylimidazolide moieties could also undergo this reaction and provide 

the desired product 14c in moderate yield (70%). Additionally, our protocol was 

applicable to prepare N, N-dimethylamines by step-by-step methylation way. 

Employing the mono-methylated product 1c (6a) and 8c (12a), N, N-dimethylamine 

6c and 12c can be obtained respectively via repeating our synthesis procedure. 

Table 2. Synthesis of monomethylamines from amines, carboxylic acids and 

isocyanates a. 
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Entry Substrate Carbamoylimidazole Time(h)c Product Yield(%)d 

1 

  

1 

 

74 

2 

  

1 

 

67 

3 

  

1 

 

67 

4 

 
 

1 

 

65 

5 

  

1 

 

70 

6 

  

1 

 

83 

7 

 
 

2 

 

60 

8 

  

4 

 

72 

9 

  

4 

 

85 



8 

10 

  

4 

 

80 

11 

  

4 

 

70 

12 

  

4 

 

71 

13 

 
 

6 

 

67 

14b 

 
 

10 

 

70 

15 

  

1 
 

74 

16 

  

4 

 

74 

17 

  

4 
 

72 

18 
 

 

1 
 

75 

19 

  
1 

 

65 

20 

  

4 

 

68 

aThe reactions were carried out with b (1.0 equiv., 2 mmol), NaBH4 (5.0 equiv., 10.0 mmol), I2 (1.0 

equiv., 2 mmol) and THF (25 ml) under reflux.  

b 10.0 equiv. of NaBH4 and 2 equiv. of I2 was used. 
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 c Monitored by TLC. 

 dIsolated yield was based on b. 

In order to understand the reduction selectivity of the method, the substrates 

bearing acetamide groups (19b and 20b) were tested in the reaction. To our pleasure, 

both aliphatic and aromatic amides reacted smoothly and provided the expected 

products in satisfactory yields, with the acetyl groups being unaffected. This 

suggested that the N-acetyl groups in N-substituted carbonylimidazolide were well 

tolerated during the reduction, and our method showed interesting reduction 

selectivity. 

To gain some preliminary insight into the reaction process, two representative 

intermediates for the synthesis of aliphatic methylamine (1c) and aromatic 

methylamine (8c) had been isolated and identified as corresponding formamide (see 

ESI). Furthermore, by detecting the reaction with TLC, we found that the reaction 

time (hours) from the formamide intermediate to the corresponding methylamine 

product was much longer than the time (minutes) from the N-substituted 

carbonylimidazolide to the formamide. These indicated the reaction might undergo a 

two-step pathway via the formamide intermediate (Scheme 2). 

In the first step (Step I), N-substituted carbonylimidazolides were rapidly 

converted into formamide intermediates at the attack of hydrogen anion as we had 

reported before[16]. Subsequently, the carbonyl group of formamide intermediates 

were reduced to furnish the desired N-methylamines in the second step (Step II) [21]. 

Step II proceeded much slower than Step I, so it could be treated as rate-determining 

step (RDS). The required longer reaction time for N-aryl carbonylimidazolides (over 4 

h) than that for N-alkyl carbonylimidazolides (about 1 h) can be well explained by the 

two-step mechanism. In step I, the N-aryl carbonylimidazolides might react much 

faster than N-alkyl carbonylimidazolides, because the stronger conjugation system of 
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the resulting N-aromatic formamides made them more stable and easier to generate. 

However, these more stable N-aryl formamide intermediates were less reactive and 

directly slowed the reaction in step II, which resulted in longer reaction time of the N-

arylcarbonylimidazolides in the whole reaction. 

The substrate 13b, bearing two phenyl, which not only had a large steric 

hindrance like 7b, but also had a strong conjugation system, took much longer time 

(6 h) to complete the reaction. 

As shown by the reaction mechanism, the methyl group was converted from 

the carbonylimidazolide moiety by full reduction and therefore no competing 

overalkylation reactions occured. 

 

Scheme 2. The possible reaction mechanism. 

Although the N-methyl amine could be prepared from carboxylic acid or amine 

by our method, the methyl source was remarkably different. For amine, the carbon 

source of CH3 was from carbonyl of CDI; while for carboxylic acid, the carbon source 

came from the carboxyl group. When carboxylic acid was used, the carboxyl moiety 

was first converted to isocyanate via Curtius rearrangement[22], then reacted with 

imidazole to form carbonylimidazolide, and eventually reduced to the methyl moiety. 

In the whole process, no extra carbon was introduced. 

 

Conclusion 
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In conclusion, we have developed an economical and versatile protocol for the one-

pot synthesis of monomethylamines by reduction of the N-substituted 

carbonylimidazolides with NaBH4/I2 system. This work further extends the application 

of N-substituted carbonylimidazoles. By employing inexpensive and commercial 

available reagents, a variety of aliphatic and aromatic monomethylamines were 

obtained in moderate to good yields from a broad substrate scope including not only 

amines (both primary amines and secondary amines) but also carboxylic acids or 

isocyanates. The acetamide group was well tolerated in our reduction, implying our 

method showed interesting reduction selectivity. 
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