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1. Introduction 

 Formamide is one of the most important members of the amide 

family and has been used in various fields of organic chemistry. 

N,N-Dimethylformamide (DMF) is a widely used because it is 

one of the most important aprotic highly polar solvents.1 The 

Vilsmeier reagent prepared from formamide serves as a powerful 

tool for the preparation of aromatic aldehydes.2 The formamide 

moiety is found in several pharmaceutical drugs and organic 

catalysts.3 

Although acid chloride and anhydride are usually employed as 

the acylation agents for amines, both formyl chloride and formic 

anhydride are too unstable to be used in formylation. Therefore, 

various alternative methods have been developed for formylation. 

The mixed anhydride of formic acid with a bulky acid is one of 

the most powerful formylation agents,4 although it cannot be 

stored for a long time. Ethyl formate is conveniently used for the 

formylation of amines,5 although heating is generally necessary, 

and the low boiling point of ethyl formate often limits its 

availability.  

DMF is the most widely used formic acid derivative, which also 

finds application as a formylation agent.6 Because of the low 

electrophilicity of DMF, heating is necessary to carry out 

formylation, even in the presence of an effective activation 

agent.7 Formylation by DMF using excess trimethylsilyl chloride 

(TMSCl) or tert-butyldimethylsilyl chloride (TBSCl) in the 

presence of imidazole or triethylamine at room temperature has 

been reported,8 although this system is applicable only to 

secondary amines and hence finds limited application. 

During the course of our research on hydrazides,9 we 

investigated the silylation of 1a with TBSCl in DMF at room 

temperature. Unexpectedly, diacylhydrazine 2a was obtained in 

52% yield as the only isolable product (Scheme 1), indicating 

that even a primary amine can be formylated by the DMF-TBSCl 

system. Soon after this observation, it was found that the DMF-

TBSOTf system is a simple and powerful N-formylation method 

that can be extended to various amines. 

 

Scheme 1 

 

2. Results and Discussion 

 To optimize the reaction conditions for the N-formylation, 1b 

was used as a simple hydrazide. Activating agents were added to 

the DMF solution of 1b, and the reactions were carried out at 

room temperature for 20 h. The results are summarized in Table 

1.  

  When 1 equiv of TBSCl and imidazole were used to activate 

DMF, 2b was obtained in 33% yield (entry 1). The yield 

increased in the absence of imidazole (entry 2). Although TBSCl 

has previously been used with tertiary amines to activate DMF,8 

it was found that the tertiary amine deactivated TBSCl and 

reduced its activation effect.7e No reaction occurred without 

TBSCl, and other typical Lewis acids such as BF3·OEt2, AlCl3, 

TiCl4 and SnCl4 gave 2b only in poor yields (entries 3-6). Thus, 

other silane-based Lewis acids were examined to activate DMF. 

While TMSCl turned out to be a poor activator (entry 7), 

trimethylsilyl triflate (TMSOTf) gave 2b in excellent yield (entry 

8), and tert-butyldimethylsilyl triflate (TBSOTf) gave the best 
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result (entry 9). The yield of 2b was almost proportional to the 

amount of TBSOTf (entry 10). Therefore, we concluded that 

TBSOTf acts as an activator but not as a catalyst.  

 

Table 1. Optimization of the activating agent for DMF. 

 

aIsolated yield. 

 

 The N-formylation was next carried out using various hydrazides. 

The results are summarized in Table 2. Both aromatic and 

aliphatic hydrazides, including the sterically hindered hydrazide 

1j, gave the corresponding diacylhydrazines in good to excellent 

yields. Carbazic acid ester 1k was also formylated smoothly. 

Acid-sensitive protecting groups such as Boc and Cbz were 

tolerated under these reaction conditions.  

 

Table 2. Formylation of hydrazides.a 

 

 

aIsolated yield. 

 

 Next, the DMF-TBSOTf system was applied to the formylation 

of amines. The results are summarized in Table 3. Primary 

amines gave the corresponding formamides, as opposed to 

previous studies, in which only a trace amount of formamide was 

obtained from a primary amine in the presence of a tertiary 

amine.8 The yield of formamides was moderate probably because 

the highly basic and nucleophilic primary amine deactivated 

TBSOTf in the absence of a tertiary amine. When a secondary 

amine was used, formamide was obtained in good to excellent 

yield. Anilines as well as aliphatic amines were N-formylated. 

Despite the primary amino groups, amino acid derivatives gave 

N-formylated products in high yields. No formylation of the 

indole NH in 3m was observed. 

 

Table 3. Formylation of amines.a 

 

Entry Lewis acid (equiv) Yield (%)a 

1 TBSCl (1.0) + imidazole (1.0) 33 

2 TBSCl (1.0) 86 

3 BF3·OEt2 (1.0) 43 

4 AlCl3 (1.0) 0 

5 TiCl4 (1.0) 0 

6 SnCl4 (1.0) 2 

7 TMSCl (1.0) 18 

8 TMSOTf (1.0) 95 

9 TBSOTf (1.0) 97 

10 TBSOTf (0.40) 44 



  

 

aIsolated yield. b1.0 equiv of imidazole was added to neutralize 

the ammonium group. 

 

 Then, a competitive reaction was carried out. When 3n was 

subjected to the N-formylation conditions, 4n was obtained in 

56% yield after treatment with Boc2O to protect the unreacted 

hydrazide (Scheme 2). No formylation of the hydrazide was 

observed, indicating that the amine is more reactive than the 

hydrazide under these reaction conditions. 

 

Scheme 2. Chemoselective formylation. 

 

 The chemoselectivity in the formylation of aminoalcohols was 

complicated because the hydroxy group was silylated by 

TBSOTf in the presence of the amino group. To avoid this 

complexity, the N-formylation of hydrazides and amines bearing 

a hydroxy group was carried out using 2.0 equiv of TBSOTf and 

1.0 equiv of imidazole, so that silylative protection of the 

hydroxy group and formylation of the amino group occurred 

simultaneously. The results are summarized in Table 4. 

Formamide or formylated diacylhydrazine bearing a siloxy group 

was obtained in moderate to high yields.  

 

Table 4. Silylative formylation of aminoalcohol.a 

 

 

aIsolated yield. b2.0 equiv of imidazole was used. 

 

When the reaction was carried out with 2.0 equiv of TBSOTf 

but in the absence of imidazole, phthalide 7 was obtained from 

1a in quantitative yield, and diacylhydrazine 8 without silylation 

of the hydroxyl group was obtained from 5c in 92% yield 

(Scheme 3). These results indicated that imidazole effectively 

induces silylation of the hydroxy group for in situ protection. In 

the absence of imidazole, activation of the carbonyl group in the 

amide or hydrazide by TBSOTf occurred. In the case of 1a, the 

activated hydrazide group was attacked by the neighboring 

hydroxy group to induce cyclization.  

 

Scheme 3. Activation of hydrazide without protection of the 

hydroxy group. 

 

 

 When a DMAc solution of 1b was treated with TBSOTf, the 

corresponding acetylation product 9 was obtained in excellent 

yield (Scheme 4). Thus, TBSOTf is expected to be used as an 

activator for various amides. 

 

Scheme 4. Acetylation of hydrazide. 

 
 

 The outstanding effect of TBSOTf can be explained by its high 

Lewis acidity and oxophilicity. The plausible mechanism 

underlying the TBSOTf-promoted formylation is illustrated in 

Scheme 5. Even in the presence of a nucleophilic amino group, 

TBSOTf can selectively silylate DMF at the highly Lewis basic 

amide carbonyl oxygen. The activated DMF is expected to be 

attacked by the amine so that an efficient amide-exchange 

reaction occurs. Hydrolysis of the exchange product gives 

formamide. 

 

Scheme 5. Plausible mechanism of the TBSOTf-promoted 

formylation. 
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3. Conclusion 

 The TBSOTf-promoted N-formylation of hydrazides and 

amines using DMF as the formylation agent is demonstrated. 

The DMF-TBSOTf system can be used for the N-formylation of 

various amines in the absence of a tertiary amine. Because of 

the easy availability of DMF and TBSOTf, simple procedure, 

mild reaction conditions, high chemoselectivity, and broad 

scope for various acylation systems, the TBSOTf-promoted 

trans-amidation can emerge as one of the most effective 

methods for the N-formylation of hydrazides and amines. 

Acknowledgments 

We acknowledge the financial support from the MEXT-

Supported Program for the Strategic Research Foundation at 

Private Universities, 2013-2017 (Creation of new fusion 

materials by integration of highly ordered nano inorganic 

materials and ultra-precisely controlled organic polymers). 

Supplementary Material 

Experimental procedure and spectral data are provided in the 

Supplementary Material. 

 

References 
1. Reichardt, C. In Solvent and Solvent Effects in Organic Chemistry; 

Second, Revised and Enlarged Edition; VCH: Weinheim, 1988.  
2. a) Vilsmeier A, Haack A. Chem. Ber. 1927; 60: 119-122. b) Jones 

G, Stanforth SP. Org. React. 1997; 49: 1-330. 

3. a) Lundberg H, Tinnis F, Selander N, Adolfsson H. Chem. Soc. 
Rev. 2014; 43: 2714–2742. b) Pattabiraman VR, Bode JW. Nature 

2011; 480: 471–479. c) Cupido T, Tulla-Puche J, Spengler J, 
Albericio F. Curr. Opin.Drug Discovery Dev. 2007; 10: 768–783. 

d) Deming TJ. Prog. Polym. Sci. 2007; 32: 858–875. e) Wen Y, 

Xiong Y, Chang L, Huang J, Liu X, Feng X. J. Org. Chem. 2007; 
72: 7715-7719. f) Jagtap SB, Tsogoeva SB. Chem.Commun. 2006: 

4747–4749. g) Chen BC, Bednarz MS, Zhao R, Sundeen JE, Chen 
P, Shen Z, Skoumbourdis AP, Barrish JC. Tetrahedron Lett. 2000; 

41: 5453–5456. h) Iseki K, Mizuno S, Kuroki Y, Kobayashi Y. 

Tetrahedron 1999; 55: 977–988. i) Humphrey JM, Chamberlin AR. 
Chem. Rev. 1997; 97: 2243–2266. 

4. a) Strazzolini P, Giumanini AG, Cauci S. Tetrahedron 1990; 46: 

1081-1118. b) Fife WK, Zhang ZD. J. Org. Chem. 1986; 51: 

3744–3746. c) Huffman CW. J. Org. Chem. 1958; 23: 727–729. d) 

Clemo GR, Swan GA. J. Chem. Soc. 1945: 603–607. 
5. Buehler CA, Mackenzie CA. J. Am. Chem. Soc. 1937; 59: 421-

422. 
6. a) Ding S, Jiao N. Angew. Chem. Int. Ed. 2012; 51: 9226–9237. b) 

Muzart J. Tetrahedron 2009; 65: 8313-8323. See also; a) Le Bras 

J, Muzart J. Molecules 2018; 23: 1939/1–1939/31. b) Batra A, 
Singh P, Singh KN. Eur. J. Org. Chem. 2016; 2016: 4927–4947. 

7. a) Dine TME, Evans D, Rouden J, Blanchet J. Chem. Eur. J. 2016; 
22: 5894-5898. b) Sonawane RB, Rasal NK, Bhange DS, Jagtap 

SV. ChemCatChem 2018; 10: 3907-3913. c) Ma J, Zhang F, 

Zhang J, Gong H. Eur. J. Org. Chem. 2018: 4940-4948. d) 
Sonawane RB, Rasal NK, Bhange DS, Jagtap SV. Org. Lett. 2017; 

19: 2078-2081. e) Suchý M, Elmehriki AAH, Hudson RHE. Org. 
Lett. 2011; 13: 3952–3955. 

8. a) Berry MB, Blagg J, Craig D, Willis MC. Synlett 1992; 8: 659-

660. b) Djuric SW. J. Org. Chem. 1984; 49: 1311-1312. 
9. a) Kihara N, Ii R, Ogawa A. J. Polym. Sci., Part A: Polym. Chem. 

2007; 45: 963–967. b) Kihara N, Iino Y, Misawa T. J. Polym. Sci., 
Part A: Polym. Chem. 2008; 46: 6255–6262. c) Nagashima K, 

Kihara N, Iino Y. J. Polym. Sci. Part A: Polym. Chem. 2012; 50: 

4230–4238. d) Nagashima K, Kihara N. Kobunshi Ronbunshu 
2013; 70: 704–711. e) Oguri T, Kawahara A, Kihara N. Polymer 

2016; 99: 83–89. f) Sakurai M, Kihara N, Watanabe N, Ikari Y, 
Takata T. Chem. Lett. 2018; 47: 144–147. 

 

 



  

 

Graphical abstract 

 

 
 



  

Tetrahedron Letters 6 

Highlights 

Amines were formylated with DMF activated by 

TBSOTf at room temperature. 

Amino group was chemoselectively formylated in 

the presence of hydrazide. 

O-Silylative N-formylation of aminoalcohol 

occurred in high yield. 


