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ABSTRACT 

Ethyl Methanoate has been successfully employed as an ‘N’ and ‘O’ formylating agent in a 

straight forward way in presence of catalytic amount of CF3SO3H.SiO2. This methodology is 

solvent free and economical for the synthesis of formamides and formats. The methodology 

shows wide range of tolerance of different aromatic and aliphatic amines, anilines and 

phenols offering well to excellent yield of the intended products within short reaction time. 

Late stage synthesis of formates and formamides also feasible using this methodology. 
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1. INTRODUCTION 

One of the decisive fields of organic chemistry is the synthesis of formates and formamides, 

which are indispensable intermediates in the synthesis of several pharmacological substances 

such as cancer chemotherapy drugs, oxazolidinones, nitrogen-bridged heterocycles, 

fluoroquinolines, and other pharmaceutical substances. Both Formates and Formamides are 

engaged as polar solvents in a variety of chemical processes and are predominantly helpful 

reagents for Vilsmeier formylation 
[i-vii]

. They are widely recognized for their ability to 

catalyse base catalysis processes, such as carbonyl compound hydrosilylation, allylation and 

peptide synthesis 
[viii-x]

. In recent years, a number of techniques for formylation of amines and 

phenols have been devised 
[xi-xxiii]

. Neat reaction in presence of formic acid 
[xxix-xxx]

, 

Amberlyst-15 
[xxv]

, NaHSO4·H2O 
[xxvi]

, Ammonium formate
[xxvii]

, Acetic acid
[xxviii]

, 

Chloral
[xxix]

,  Acetic formic anhydride
[xxx]

,  Melaminetrisulfonic acid
[xxxi]

, Triethyl 

orthoformate
[xxxii]

, Amberlite IR-120
[xxxiii]

, Formic Acid-HI
[xxxiv]

,  Thiamine 

hydrochloride
[xxxv]

,  HClO4-SiO2
[xxxvi]

,  Sulfonic acid supported on hydroxyapatite (HAp)-

encapsulated-γ-Fe2O3 nanocrystallites
[xxxvii]

,  Triflic anhydride
[xxxviii]

,  Calcium and hydrogen 

triflimides [Ca(NTf2)2, HNTf2] 
[xxxix]

,  Sulfuric Acid on Silica
[xl]

,  CF3SO3H
[xli]

. According to 

Hammet-Deyrup acidity scale, triflic acid shows more acidity as compaired with H2SO4, 

CF3CO2H and HF, represented in following figure-01. 

 Figure-01: Hammet-Deyrup acidity scale 
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Unluckily, a lot of these techniques have disadvantages such using costly and hazardous 

formylating chemicals or costly catalysts, producing byproducts, or using an excessive 

quantity of formylating ratio of reagent to substrate, etc. Therefore, by considering all these 

facts herein we report CF3SO3H.SiO2 as a catalyst for ‘N’ and ‘O’ formylation of amines, 

anilines, alcohols and phenols, which makes method more environmentally friendly and 

economically practical.  

 

2. RESULTS AND DISCUSSION 
Aniline and Ethyl Methanoate reaction was first selected as the model reaction. Equivalents 

of CF3SO3H.SiO2 were optimized with respect to time and temperature. Ethyl Methanoate at 

(50-60) °C, yielding the intended product in a good to excellent yield in a short reaction time 

in presence of 50 mole% CF3SO3H.SiO2 (Figure-02, entry-7). No impact of higher 

temperature observed with respect to time and yield while at lower temperature reaction takes 

more time for completion. Volumes of Ethyl Methanoate also optimized and it is observed 

that in 5.0 rel volumes is minimum requirement of reactions and it works smoothly, while at 

lower volumes reaction does not go to completion. However, during our investigation of 

CF3SO3H.SiO2, we found that, in absence of catalyst, the reaction yielding an inferior amount 

of the desired products (Figure-02, entry-10). The established protocol's universality and 

effectiveness, we tested a variety of aromatic and heterocyclic Amines, anilines represented 

in scheme-1 (summarized in Table-01) and phenols as represented in scheme-2 

(summarized in Table-02) respectively. The optimized reaction condition shows wide range 

of tolerance of multiple functional groups with consistent yields. Also triflic acid is readily 

available and cheaper chemical. It can be handled easily in the laboratory. 

Figure-02: Optimization of reaction conditions for the synthesis of 2-chloro-3-formyl 

quinolines and 2-chloro-3-acetyl quinolines and their reactions. 
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* Reaction conditions: 1 (1.0eq.), CF3SO3H.SiO2 (50 mole %) and   Ethyl Formate (5.0 rel 

vol) was maintained at 60°C for 3.0 hour. 

 

   Reaction Schemes: 

 
Table-01: Exploration of reaction conditions on a selected Amines/Anilines i.e.1 (a-z) to 

afford products i.e.2 (a-z).  
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CF3SO3H.SiO2

Time (h)

Temperature °C

Ethyl Methanoate (Rel vol)

Yield (%)

Entry (Ar) Product 
Yield (%)[Ref.%],  Melting °C[Ref. 

°C], LC-MS,  
1
H-NMR 

1.  

NH2

 

NH

O

H

              (2a) 

Yield-100 (100) 
[xliii]

, MP: 46-

48(Reported: 46.6-47.5) 
[xlii]

, LC-MS: 

(ESI, m/z) [M+H]
+
:122, 

1
H-NMR, 400 

MHz, CDCl3: δ = 7.15-7.14 (1H,d), 

7.33 (2H,dd), 7.54 (2H,dd), 8.4(1H, 

s)
[lxxi]

 

2.  

 
     (2b) 

Yield-100 (99)
 [xliv]

, MP: 60-

62(Reported: 59-60) 
[xlv]

, 1H-NMR, 400 

MHz, CDCl3: δ = 4.30-4.32(2H, d), 

7.23-7.45 (5H, m), 8.15(1H, s). 

3.  

      (2c) 

Yield-100 (100)
 [xlvi]

, MP: 46-

47(Reported: 48.5) 
[xlvii]

, 1H-NMR, 300 

MHz, CDCl3: δ =1.34-1.47 (3H, d), 

4.93- 5.08 (1H, q), 7.20-7.35 (5H, m), 

8.53 (1H, s).  
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4.  

  2d)           

Yield-100 (100)
 [xlviii]

, 1H-NMR, 300 

MHz, CDCl3: δ = 7.39-8.09 (4H, m), 

8.36-8.37 (1H, s).
[xlix]

 

5.  

     (2e) 

Yield-100 (99)
 [l]

, MP: 46-47(Reported: 

175-178) 
[li]

, 1H-NMR, 300 MHz, 

CDCl3: δ= 6.53-6.60 (1H, dd), 7.23 

(2H, d), 8.23 (1H, s). 

6.  

          (2f) 

Yield-93,   1H-NMR, 300 MHz, 

DMSO: δ = 7.53-7.56 (1H, d), 7.78-

7.79 (1H, d), 8.0-8.12(1H, s), 8.30 (1H, 

s). 

7.  

  (2g) 

Yield-91, 1H-NMR, 300 MHz, DMSO: 

δ = 1H NMR: δ = 7.21 (1H, d), 7.53 

(1H, d), 8.27 (1H, s), 8.37 (1H, s). 

8.  

 (2h) 

Yield-89, 1H-NMR, 300 MHz, DMSO: 

δ = 1H NMR: δ =7.32 (1H, d), 7.68 

(1H, d), 8.19 (1H, s), 8.38 (1H, s). 

9.  

    (2i) 

Yield-94, 1H-NMR, 300 MHz, DMSO: 

δ = 1H-NMR: δ = 5.61 (1H, d), 6.77-

6.80 (1H, d), 7.08-7.11 (1H, s), 7.39-

7.40 (1H, s). 

10.  

N

ClCl

NH2

 
N

ClCl

NH

O

 (2j) 

Yield-55 (43)
 [lii]

,    1H-NMR, 300 

MHz, CDCl3: δ=7.22(1H, d), 7.93(1H, 

d), 8.34(1H, s). 

11.  

O

H
N

 O

N

O

     (2k) 

Yield-95 (93)
 [lvii]

, LC-MS: (ESI, m/z) 

[M+H]
+
:164, 1H-NMR, 400 MHz, 

CDCl3: δ = 3.93 (t,2H),4.24 (t, 2H), 

6.96 - 6.91 (m, 2H), 7.08 (t, 1H),7.20 

(d, 1H),8.84 (s, 1H)
[lviii]

 

12.  

N
H

H
N

 
N

N

O

O              (2l) 

Yield-99 (99)
 [lix]

, MP: 128-

130(Reported: 126-127) 
[lx]

,   1H-NMR, 

400 MHz, CDCl3: δ =3.21-3.39(8H, 

m), 8.04-8.12(2H, s)
[lviii]

. 
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13.  
N
H

O

 

N

O

O             (2m) 

  

Yield-100(100)
 [lix]

, MP: 21-23 

(Reported: 20-21) 
[lxi]

 LC-MS: (ESI, 

m/z) [M+H]
+
:88,   1H-NMR, 300 MHz, 

DMSO: 

 δ=3.20-3.22(8H, m), 8.14(1H,s)
[lviii]

.  

 

14.  

N
H

N

NO2

 

N

N

NO2

O                (2n) 

Yield-98(95)
 [lvii]

, MP: 125-127 

(Reported: 126-128) 
[lxiv]

,   1H-NMR, 

400 MHz, CDCl3: δ = 3.12-3.31(8H, 

m), 6.71(2H, d), 6.88(2H, d), 8.14(1H, 

s). 

15.  
N NH2  

N N
H

O
  (2o) 

Yield-98(93)
 [lxv]

, MP: 68-70 (Reported: 

69-70) 
[lxvi]

,   1H-NMR, 400 MHz, 

CDCl3: δ = 6.81-6.95(1H, t), 4.95(1H, 

t), 8.09(2H, d), 8.52(1H, s).  

16.  

H
N

 

N

O

                  (2p) 

Yield-95(91)
 [lxvii]

,   1H-NMR, 300 

MHz, CDCl3: δ = 1.49-1.62(4H, q), 

1.65-1.69(2H, q), 3.25-3.35(2H, t), 

3.45-3.55( 2H, t), 7.95-8.15(1H, s)
[lxxii]

 

17.  N
H

O

OH  

N
O

OH
O           (2q) 

Yield-96(93)
 [lxx]

, 1H-NMR, 300 MHz, 

CDCl3: δ = 8.81(s, 1H), 8.26 -8.29(s, 

1H), 4.51–4.41(t, 1H), 3.67–3.51(q, 

2H), 2.29–2.20(q, 2H), 2.08–1.87 (q, 

2H)
[lxx]

.  

18.  

N

NH

O

NH2

F

 N

NH

O

HN

F

O

          (2r) 

Yield-83,  1H-NMR, 300 MHz, DMSO: 

δ =  1H-NMR, 400 MHz, δ=  7.83 (1H,  

d)[74], 8.38 (1H, s).
[lxxiv]

 

19.  

       (2s) 

Yield-93, 1H-NMR, 300 MHz, DMSO: 

δ = 6.98 (1H, dd), 7.70 (1H, d), 8.25 

(1H, d), 8.32 (1H, s). 

20.  

     (2t) 

Yield-85, LC-MS: (ESI, m/z) 

[M+H]
+
:156.01,158.03, 1H-NMR, 300 

MHz, DMSO: δ =  6.00-6.14 (1H, d), 

6.44-6.47 (1H, d), 7.39-7.43 (1H, s), 

7.88 (1H, s). 

21.  

 (2u) 

Yield-84,  LC-MS: (ESI, m/z) 

[M+H]
+
:167.12 

[lxxiii]
,   1H-NMR, 300 

MHz, DMSO: δ = 6.49-6.52(1H, d), 

7.55 (1H, d), 8.11-8.15 (1H, s), 8.85 

(1H, s) 
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* [Ref.]: References 

 

     Table-02: Exploration of reaction conditions on a selected phenols 1 (a-g)’ to afford 

products2 (a-g)’.  

22.  

 (2v) 

 

Yield-93, 1H-NMR, 300 MHz, DMSO: 

δ = 0.86-0.91 (3H,t), 1.39-1.32(2H, 

qui.), 1.55-1.62 (2H, qui), 1.91 (3H, s), 

4.05-4.09 (2H, t), 5.84-5.85 5.84 (1H, 

s), 5.85 (1H, s), 7.48 (1H, s), 8.14 (1H, 

s).  

23.  

 
(2w) 

 

Yield-79,   1H-NMR, 300 MHz, 

DMSO: δ = 1H NMR: δ = 1.91 (3H, s), 

3.67 (3H, s), 6.70 (1H, s), 6.85 (1H, s), 

7.49 (1H, s), 8.15 (1H, s).  

24.  

 
      (2x) 

 

Yield-95,   1H-NMR, 300 MHz, 

DMSO: δ =  4.17-4.32(4H, 

t),6.59(1H,dd),6.73-6.78(1H,d),7.68-

7.71(1H,d),8.27-8.28(1H,s) 

25.  

 
     (2y) 

 

Yield-81, 1H-NMR, 300 MHz, DMSO: 

δ= 4.32-4.36 (4H, t], 6.75 (1H, d), 7.06 

(1H, d), 8.29 (1H, s).  

26.  

 
    (2z) 

 

Yield-79, 1H-NMR, 300 MHz, DMSO: 

δ =  1.97 (3H, s), 6.17 (1H, s), 6.50(1H, 

s), 7.69 (1H, s)  

Entry (Ar) Product 
Yield (%)[Ref.%],  Melting °C(%)[Ref. °C], 

LC-MS,  
1
H-NMR 

1.  

OH

 

O

O

H

 
(2a)’ 

Yield-90 (85) 
[liii]

, MP: 36-38(Reported: 33-

37) 
[liv]

, LC-MS: (ESI, m/z) [M+H]
+
:123, 

1
H-

NMR, 400 MHz, DMSO: δ = 7.12-

7.20(3H,m), 7.25(2H,m), 8.26(1H,s)  

2.  
OH

 

O O

 
(2b)’ 

Yield-100 (99)
 [lv]

, MP: 60-62(Reported: 8.2-

8.4) 
[lvi]

, LC-MS: (ESI, m/z) [M+H]
+
:137,   

1H-NMR, 300 MHz, DMSO: δ = 7.31-

7.36(5H,m),4.98(2H,s),9.62(1H,s) 
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3.Proposed Mechanism: Plausible mechanism represented as follows, 

4.Experimental Section:  

The purest available chemicals were purchased from S.D. Fine Chemicals Ltd. and Sigma-

Aldrich. The substances were utilized without any kind of purifications. Using analytical 

techniques such as LC-MS, 1H-NMR and physical parameter such as melting points were 

used for the characterization of synthesized molecules. Progress of the reaction monitored by 

TLC (Coated on silica gel) 

 

 

 

3.  

  
(2c)’ 

Yield-99, 1H-NMR, 300 MHz, DMSO: δ = 

2.91-2.96(2H,t),4.29-4.33(2H,t),7.01-

7.02(1H,d),7.26-7.27(1H,d),7.47-

7.48(1H,d),8.20(1H,s). 

4.  N

N N
H

OH

 

N

N N
H

O

O

H

 
(2d)’ 

Yield-68, 1H-NMR, 300 MHz, DMSO: δ = 

6.43-6.45(1H,d), 7.03-

7.05(1H,d),7.83(1H,s), 

9.65(1H,s) 

5.  N

N N
H

OH NO2

 

N

N N
H

O

O

H NO2

 
(2e)’ 

Yield-51,  1H-NMR, 300 MHz, DMSO: δ = 

7.50(1H,s),8.14(1H,s),12.33(1H,s)9.66(1H,s) 

6.  N

N N
H

OH Br

 

N

N N
H

O BrO

 
(2f)’ 

Yield-61, 1H-NMR, 300 MHz, DMSO: δ = 

8.17 (1H, s), 8.75 (1H, s), 9.66 (1H, s), 10.08 

(1H, s). 

7.  N

N N
H

OH CHO

 

N

N N
H

O CHOO

 
(2g)’ 

Yield-49,   1H-NMR, 300 MHz, CDCl3: δ = 

8.13 (1H, s), 8.67 (1H, s), 9.66 (1H, s), 10.02 

(1H, s). 
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4.1 Preparation of silica supported Trifluoromethanesulfonic Acid. 

The silica supported trifluoromethanesulfonic acid was prepared by mixing Silica gel (45.0 g, 

Merck grade 60, 100–200 mesh) with a trifluoromethanesulfonic acid (5.0 g) in distilled 

water (30mL). The resulting mixture was stirred for 60 min to for absorption of Magnesium 

trifluoromethanesulfonic acid on the surface of silica gel. After complete absorption, Water 

removed by vacuum distillation on rotary evaporator. 

The isolated solid powder was dried at 120°C for 5 h under reduced vacuum. 

4.2 General procedure for the preparation of Formamides [2(a-r)]. 

Typically, an experimental approach involved the cautious addition of aniline (1.0 mmol), 

Ethyl Methanoate (5.0 rel volume) and 50.0 mole % CF3SO3H.SiO2   3.0h at 60°C. TLC kept 

an eye on the reaction's development. Following the completion of the reaction, ethyl formate 

removed by vacuum under negative pressure. Pure N-formylated products were obtained by 

isolating the residue using MTBE re-crystallization at lower temperature. Every product was 

well-known and confirmed with genuine reported samples and was assessed using Melting 

points, LC-MS and 1H-NMR. 

Similar protocol used for the synthesis of remaining Amines and anilines summarized in 

Table-1. 

4.3 General procedure for the preparation of Formates [2(a-r)]. 

Typically, an experimental approach involved the cautious addition of phenol (1.0 mmol), 

Ethyl Methanoate (5.0 rel volume) and 50.0 mole % CF3SO3H.SiO2   3.0h at 60°C. TLC kept 

an eye on the reaction's development. Following the completion of the reaction, Ethyl 

formate removed by vacuum under negative pressure. Pure N-formylated products were 

obtained by isolating the residue using MTBE re-crystallization at lower temperature. Every 

product was well-known and confirmed with genuine reported samples and was assessed 

using Melting points, LC-MS and 1H-NMR. 

Similar protocol used for the synthesis of remaining Amines and anilines summarized in 

Table-2. 

 

5.CONCLUSION 

In the summary, we have developed a relatively straightforward, solvent free and effective 

process for the synthesis of several formates and formamides using CF3SO3H.SiO2   catalyst. 

This method's noteworthy benefits include short reaction time, easy operation, a high product 

yield, and cost effectiveness. The developed methodology is commercially viable and shows 

wide range of tolerance of maximum functional group. This methodology can be utilized in 

late stage development of drug molecules due to its mildness. 
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