
Vol.:(0123456789)1 3

J IRAN CHEM SOC 
DOI 10.1007/s13738-017-1186-x

ORIGINAL PAPER

Sulfated polyborate‑catalyzed N‑formylation of amines: a rapid, 
green and efficient protocol

Chetan K. Khatri1 · Ganesh U. Chaturbhuj1 

Received: 18 April 2017 / Accepted: 17 August 2017 
© Iranian Chemical Society 2017

Introduction

The synthesis of N-bonded compounds has received con-
siderable attention in synthetic organic chemistry during 
the past few years. Formylation of amines is an important 
reaction in organic and medicinal chemistry [1]. Formamide 
is an important functionality due to its presence in the phar-
maceutically valuable molecules, viz. fluoroquinolones [2], 
1,2-dihydroquinolines [3] and substituted aryl imidazoles 
[4]. These being Lewis bases promote organic transfor-
mations such as hydrosilylation and allylation of carbonyl 
compounds [5, 6]. Moreover, formamides are commonly 
used reagents in Vilsmeier–Haack formylation [7, 8] and 
formylation is an important N-protecting strategy in peptide 
synthesis [9]. There are many important drugs molecules 
having N-formyl group in their scaffold such as formoterol, 
a long-acting β2 agonist [10]; iguratimod, an anti-arthritis 
agent [11]; benfotiamine; acefurtiamine; fursultiamine; thia-
mine diphosphate precursors; and vintiamol [12] (Fig. 1). 

Till date, numbers of the literature procedures are avail-
able for N-formylation of amines. Some reports include 
various formylating reagents such as chloral [13], formic 
acid–DCC [14], formic acid–EDCI [15], formic acid–CDMT 
[16], formic acid esters [17], acetic-formic anhydrides [18], 
ammonium formate [19], sodium formate [20] and formic 
acid in polyethylene glycol [21]. Recently, formylation of 
amines also reported with  H2 and  CO2 gas which require 
special equipment to carry out the reaction in gaseous phase 
[22, 23]. Several catalysts were also used which include 
KF-alumina [24], Amberlite IR 120 [25], ZnO [26], nano-
CeO2 [27], nano-MgO [28], HEU zeolite [29], natrolite 
zeolite [30], Indium metal [31], sulfated titania [32], sul-
fated tungstate [33], silica supported perchloric acid [34], 
sulfonic acid supported on hydroxyapatite-encapsulated-
γ-Fe2O3 [35], heteropolyanion-based ionic liquids [36], 
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heteropolyanion-based sulfated ionic liquid [37], nano-rod-
shaped basic  Al2O3 [38], nano-sulfated  TiO2 [39], phospho-
tungstic acid supported on silica-coated  CoFe2O4 nanopar-
ticles [40],  Na+-MMT-[prim]HSO4 [41], silica sulfuric acid 
[42], sulfonated rice husk ash [43] and melamine trisulfonic 
acid [44].

However, many of the N-formylation methods suffer 
from various disadvantages such as the use of expensive and 
toxic formylating reagents/catalysts, difficult accessibility to 
reagents, long reaction time, thermal instability and non-
selectivity. Thus, the development of a safe, mild, efficient, 
environmentally benign, chemo-selective and high yielding 
rapid reaction procedure using cost-effective and recyclable 
catalyst would be valuable.

In search of convenient, green and practical catalytic 
methods for the current interest in organic synthesis and 
commercial process, recently we have introduced a sulfated 
polyborate catalyst and evaluated its effectiveness for cata-
lyzing various organic transformations [45–55]. Its easy 
preparation, mild acidity, reusability and eco-friendliness 
have inspired us to find out its potential to catalyze other 
useful reactions. Therefore, in the extension of our previous 
studies, in this paper, we explored a rapid, green and effi-
cient N-formylation protocol under solvent-free conditions 
using sulfated polyborate, which has many advantages over 
reported methods such as safe, environmentally benign and 
economic formylating agents and catalyst; however, recy-
clability of the catalyst, mild reaction conditions, shorter 
reaction time, high yields, easy of workup procedure and 
chemoselectivity are the key features of this procedure.

Experimental

The FTIR spectra were recorded on Shimadzu FTIRAffin-
ity-1 Fourier transform infrared spectrophotometer. Melting 
points of all the compounds were recorded by Analab Ther-
moCal melting point apparatus in open capillary tube and 
are uncorrected. 1H NMR spectra were recorded on MR400 
Agilent Technology NMR spectrometer using  CDCl3 or 
DMSO-d6 as a solvent with tetramethylsilane internal stand-
ard. Solvents and chemicals used were of LR grade, which 

were purchased from Avra Synthesis, Spectrochem and SD 
fine chemicals and used without purification. The purity 
determination of the starting materials and reaction moni-
toring was performed by thin-layer chromatography (TLC) 
on Merck silica gel G  F254 plates. All the products are known 
compounds and were identified by 1H NMR spectroscopy.

Preparation of sulfated polyborate

The sulfated polyborate catalyst was prepared as per proce-
dure reported in the literature [45].

General procedure for N‑formylation

To a mixture of amine (2.0  mmol) and formic acid 
(2.4 mmol), sulfated polyborate (7.5 wt%) was added and 
the reaction mixture was stirred at 70 °C. During the reac-
tion, the mixture turns into homogenous liquid. The progress 
of the reaction was observed by TLC. After completion of 
the reaction, the mixture was cooled to room temperature 
and poured into water (5 mL). The solid was filtered off or 
in few cases extracted with ethyl acetate (10 mL). The prod-
ucts were isolated by evaporation of solvent in pure form or 
recrystallized from ethyl acetate and petroleum ether. The 
products obtained were known compounds and identified 
by their melting point and 1H NMR spectroscopy, and the 
analytical data were compared with the literature values.

Procedure for the recyclability study

The reusability of the catalyst in the model reaction of 
4-chloroaniline and formic acid (98%) under solvent-free 
conditions at 70 °C was evaluated. After completion of 
each reaction cycle, water was added and the product was 
filtered off. The catalyst being soluble in water, the filtrate 
was evaporated in vacuum rotary evaporator to recover the 
catalyst quantitatively. The recovered catalyst was recy-
cled for four times with no significant loss in a catalytic 
activity.

Fig. 1  Pharmaceutically active 
formamide molecules
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Representative spectral data

N-Phenylformamide (3a) (Table 3, entry 1) White solid; 
m.p. 46–48 °C (lit. 46–47 °C); 1H NMR (400 MHz,  CDCl3) 
the product was a mixture of two rotamers (ratio 1:1) δ 8.68 
(d, J = 11.4 Hz, 1H), 8.36 (s, 1H), 8.29 (br s, 1H), 7.53 
(d, J = 7.8 Hz, 2H), 7.47 (br s, 1H), 7.37–7.30 (m, 4H), 
7.20–7.07 (m, 4H).

N-(2-Methylphenyl)formamide (3b) (Table  3, entry 
2) White solid; m.p. 60–61 °C (lit. 60–62 °C); 1H NMR 
(500 MHz,  CDCl3) the product was a mixture of two rotam-
ers (ratio 1:0.5) δ 8.53 (d, J = 11.4 Hz, 1H), 8.45 (s, 0.5H), 
7.67 (br s, 1H), 7.36–6.94 (m, 7H), 2.29 (s, 4.5H).

N-(4-Methylphenyl)formamide (3c) (Table  3, entry 
3) White solid; m.p. 50–54 °C (lit. 50–54 °C); 1H NMR 
(400 MHz,  CDCl3) the product was a mixture of two rotam-
ers (ratio 1:1) δ 8.62 (d, J = 11.5 Hz, 1H), 8.35 (s, 1H), 7.96 
(br s, 1H), 7.42 (d, J = 8.3 Hz, 2H), 7.26–7.13 (m, 5H), 6.98 
(d, J = 8.2 Hz, 2H), 2.34 (s, 6H).

N-(2-Hydroxyphenyl)formamide (3d) (Table 3, entry 4) 
White solid; m.p. 128–129 °C (lit. 129–131 °C); 1H NMR 
(400 MHz,  CDCl3) δ 8.28 (s, 1H), 8.13 (s, 1H), 7.57 (br s, 
1H), 7.20–7.13 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 6.90 (t, 
J = 7.5 Hz, 1H).

N-(2-Methoxyphenyl)formamide (3e) (Table  3, entry 
5) White solid; m.p. 79–80 °C (lit. 80–81 °C); 1H NMR 
(400 MHz,  CDCl3) the product was a mixture of two rotam-
ers (ratio 1:2) δ 8.73 (d, J = 11.6 Hz, 1H), 8.45 (s, 2H), 8.35 
(d, J = 8.0 Hz, 2H), 7.79 (br s, 2H), 7.67 (br s, 1H), 7.19 
(d, J = 7.8 Hz, 1H), 7.14–7.08 (m, 3H), 7.04–6.87 (m, 6H), 
3.88 (s, 9H).

N-(4-Methoxyphenyl)formamide (3f) (Table  3, entry 
6) White solid; m.p. 77–78 °C (lit. 78–80 °C); 1H NMR 
(400 MHz,  CDCl3, the product was a mixture of two rotam-
ers (ratio 1:1) δ 8.49 (d, J = 11.5 Hz, 1H), 8.30 (s, 1H), 8.02 
(br s, 1H), 7.43 (d, J = 8.9 Hz, 2H), 7.35 (br s, 1H), 7.02 (d, 
J = 8.8 Hz, 2H), 6.89–6.84 (m, 4H), 3.78 (s, 6H).

N-(2-Chlorophenyl)formamide (3g) (Table  3, entry 
7) White solid; m.p. 80–81 °C (lit. 81–82 °C); 1H NMR 
(400 MHz,  CDCl3) the product was a mixture of two rota-
mers (ratio 1:2) δ 8.71 (d, J = 11.2 Hz, 1H), 8.49 (s, 2H), 
8.40 (d, J = 8.3 Hz, 2H), 7.67 (br s, 3H), 7.43–7.37 (m, 3H), 
7.29–7.25 (m, 4H), 7.17–7.02 (m, 3H).

N-(4-Chlorophenyl)formamide (3h) (Table 3, entry 8) 
White solid; m.p. 99–100 °C (lit. 99–101 °C); 1H NMR 
(400 MHz,  CDCl3) the product was a mixture of two rotam-
ers (ratio 1:1) δ 8.63 (d, J = 11.3 Hz, 1H), 8.35 (s, 1H), 8.29 
(br s, 1H), 7.48 (d, J = 8.4 Hz, 2H), 7.40 (br s, 1H), 7.32 - 
7.26 (m, 4H), 7.02 (d, J = 8.3 Hz, 2H).

N-(4-Bromophenyl)formamide (3i) (Table 3, entry 9) 
White solid; m.p. 112–114 °C (lit. 115–119 °C); 1H NMR 
(400  MHz,  CDCl3) the product was a mixture of two 

rotamers (ratio 1:1) δ 8.66 (d, J = 11.3 Hz, 1H), 8.39 (s, 1H), 
7.93 (br s, 1H), 7.52–7.42 (m, 7H), 6.98 (d, J = 8.1 Hz, 2H).

N-(4-Fluorophenyl)formamide (3j) (Table  3, entry 
10) White solid; m.p. 63–64 °C (lit. 63–65 °C); 1H NMR 
(500 MHz,  CDCl3) the product was a mixture of two rotam-
ers (ratio 1:1) δ 8.56 (d, J = 11.4 Hz, 1H), 8.34 (s, 1H), 8.08 
(br s, 1H), 7.52–7.48 (m, 2H), 7.37 (br s, 1H), 7.08–6.99 
(m, 6H).

N-(2-Methoxycabonylphenyl)formamide (3k) (Table 3, 
entry 11) White solid; m.p. 49–50 °C (lit. 49–50 °C); 1H 
NMR (400 MHz,  CDCl3) the product was a mixture of 
two rotamers (ratio 2.5:1) δ 10.99 (br s, 2.5H), 8.94 (br s, 
1H), 8.69 (d, J = 8.4 Hz, 2.5H), 8.51 (s, 2.5H), 8.05–8.01 
(m, 3.5H), 7.84 (d, J = 8.1 Hz, 1H), 7.55 (t, J = 7.9 Hz, 
2.5H), 7.37 (d, J = 8.4 Hz, 1H), 7.12 (t, J = 7.6 Hz, 2.5H), 
6.66–6.61 (m, 2H), 3.92 (s, 7.5H), 3.86 (s, 3H).

N-(4-Ethoxycabonylphenyl)formamide (3l) (Table  3, 
entry 12) White solid; m.p. 110–111 °C (lit. 110 °C); 1H 
NMR (400 MHz,  CDCl3) the product was a mixture of two 
rotamers (ratio 1:1) δ 8.82 (d, J = 11.3 Hz, 1H), 8.43 (s, 1H), 
8.06 - 8.01 (m, 4H), 7.87 (br s, 1H), 7.61 (d, J = 8.0 Hz, 2H), 
7.48 (br s, 1H), 7.09 (d, J = 8.5 Hz, 2H), 4.36 (m, 4H), 1.38 
(t, J = 7.0 Hz, 6H).

N,N-Diphenylformamide (3m) (Table 3, entry 13) White 
solid; m.p. 68–69 °C (lit. 67–71 °C); 1H NMR (400 MHz, 
 CDCl3) δ 8.67 (s, 1H), 7.43–7.38 (m, 4H), 7.32–7.26 (m, 
4H), 7.17 (d, J = 8.1 Hz, 2H).

N-Cyclohexylformamide (3n) (Table 3, entry 14) Light 
yellow liquid; 1H NMR (400 MHz,  CDCl3) the product was 
a mixture of two rotamers (ratio 0.30:1) δ 8.43 (s, 0.3H), 
8.35 (s, 1H), 6.28 (br s, 2H), 3.87–3.79 (m, 1H), 3.30 - 3.26 
(m, 0.3H), 2.01–1.60 (m, 7H), 1.39–1.14 (m, 6H).

N-Benzylformamide (3o) (Table 3, entry 15) White solid; 
m.p. 60–61 °C (lit. 60–62 °C); 1H NMR (400 MHz,  CDCl3) 
the product was a mixture of two rotamers (ratio 1:0.25) δ 
8.26 (s, 1H), 8.18 (d, J = 12.2 Hz, 0.25H), 7.35 - 7.24 (m, 
6.25H), 5.97 (br s, 1.25H), 4.48 (d, J = 5.7 Hz, 2H), 4.41 
(d, J = 6.4 Hz, 0.5H).

N,N-Diethylformamide (3p) (Table 3, entry 16) Light 
yellow liquid; 1H NMR (400 MHz,  CDCl3): δ 7.81 (s, 1H), 
3.16–3.04 (m, 4H), 0.98–0.88 (m, 6H).

N,N-Dibenzylformamide (3q) (Table 3, entry 17) Light 
yellow solid; m.p. 50–51  °C (lit. 51–52  °C); 1H NMR 
(400  MHz,  CDCl3) δ 8.42 (s, 1H), 7.39–7.29 (m, 6H), 
7.26–7.16 (m, 4H), 4.42 (s, 2H), 4.27 (s, 2H).

N-Formylmorpholine (3r) (Table 3, entry 18) Light yel-
low liquid; 1H NMR (400 MHz,  CDCl3) δ 8.07 (s, 1H), 
3.71 (t, J = 3.7 Hz, 2H), 3.67 (t, J = 3.7 Hz, 2H), 3.58 (t, 
J = 3.6 Hz, 2H), 3.41 (t, J = 3.4 Hz, 2H).

N-Formylimidazole (3s) (Table 3, entry 19) Light yellow 
liquid; 1H NMR (400 MHz, DMSO-d6) δ 8.14 (s, 1H), 7.75 
(s, 1H), 7.04 (s, 2H).
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Results and discussion

The reaction screening was begun to investigate the effi-
ciency of sulfated polyborate to catalyze N-formylation 
reaction at different reaction conditions. Preliminary experi-
ments were performed using 4-chloroaniline, a representa-
tive substrate and formic acid (Scheme 1). The results are 
summarized in Table 1.

The significance of catalyst loading on yields and time of 
the reaction was assessed. In the absence of a catalyst, the 
reaction proceeded at 70 °C and took longer reaction time 
with a lower yield (Table 1, entry 1) compared to the pres-
ence of catalyst. The catalyst loading was increased from 
1 to 10 wt%, which showed increased product yield with 
shorter reaction time (Table 1, entries 2–5). The catalyst 
loading beyond 7.5 wt% did not show a significant advantage 
on product yields and the reaction time (Table 1, entries 
4 and 5). Hence, a 7.5 wt% catalyst loading significantly 
reduced the reaction time and found optimum to perform 
the further studies.

The temperature effect on N-formylation reaction was 
assessed (Table 1, entries 4, 6 and 7). The reaction was per-
formed at ambient, 55 and 70 °C under solvent-free con-
dition using a sulfated polyborate catalyst. The reaction at 
room temperature took longer reaction time with a lower 
yield (Table 1, entry 6), but at increased temperature to 
70 °C afforded high product yield in shorter reaction time 
(Table 1, entry 4). Therefore, 70 °C was chosen as optimum 
temperature to perform further reactions.

The solvent effect on product yields and reaction time was 
ascertained with different solvents (Table 1, entries 8–13). 
All the solvent assessed took longer reaction time with low 
product yield compared to the solvent-free condition. Hence, 
the solvent-free condition was chosen for its cost and envi-
ronmental benefits.

N-formylation reaction was reported with various Lewis 
as well as Bronsted catalysts. Herein, the catalyst con-
taining sulfonic acid is compared with the present study 
which indicates that sulfated polyborate catalyst showed 
an advantage in many cases with respect to reaction time 
and product yields, reaction conditions and workup pro-
cedure (Table 2, entries 1–9).

To study the substrate scope, optimized reaction condi-
tions were applied to various amines. All the amine sub-
strates reacted well and afforded higher yields of the cor-
responding formamides in shorter reaction time (Table 3, 
entries 1–19). Various electron withdrawing and electron 
donating substituents at ortho and para position of aro-
matic amines have been examined. The nature of substitu-
tions on aromatic amines has no significant effect on the 
reaction time and yields. However, in the case of 2-meth-
oxycarbonyl and 4-ethoxycarbonyl anilines, the reaction 
time was longer with similar product yields apparently due 
to electron withdrawing effect of the substituents (Table 3, 
entries 11 and 12).

This protocol tolerated a variety of substituents on 
primary aromatic amines and also extendable to primary 
aliphatic, secondary aromatic, aliphatic and heterocyclic 

Scheme 1  N-formylation of 
4-chloroaniline

Table 1  Optimization study for 
the catalyst loading, temperature 
and solvent effects

a  Isolated yield

Entry Catalyst (wt%) Solvent Temperature (°C) Time (min) Yielda (%)

1. 0 Solvent free 70 120 48
2. 2.5 Solvent free 70 30 93
3. 5.0 Solvent free 70 30 95
4. 7.5 Solvent free 70 10 98
5. 10.0 Solvent free 70 10 98
6. 7.5 Solvent free rt 60 88
7. 7.5 Solvent free 50 30 96
8. 7.5 EtOH Reflux 60 63
9. 7.5 MeCN 70 60 41
10. 7.5 THF Reflux 60 44
11. 7.5 Water 70 60 36
12. 7.5 Toluene 70 60 53
13. 7.5 DMF 70 60 56
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Table 2  Comparison of 
efficiency of sulfated polyborate 
with the literature reported 
catalysts for the N-formylation 
of 4-chloroaniline by formic 
acid

a  Isolated yield
b  Aqueous workup
c  Extractive workup procedure

Entry Catalyst Condition Time (min) Yielda (%) Refs.

1. Sulfated polyborate Solvent free/70 °C 10 98 This  workb

2. Sulfated tungstate Solvent free/70 °C 10 98 [33]c

3. Sulfonated rice husk ash Solvent free/60 °C 10 96 [43]c

4. Na+-MMT-[pmim]HSO4 Solvent free/60 °C 20 95 [41]c

5. [γ-Fe2O3@HAp-SO3H] Solvent free/rt 20 97 [35]c

6. Silica sulfuric acid Solvent free/60 °C 26 90 [42]c

7. Nano-sulfated titania Solvent free/rt 40 90 [39]c

8. Melamine trisulfonic acid Solvent free/60 °C 60 93 [44]c

9. Sulfated titania MeCN/rt 360 98 [32]c

Table 3  N-formylation of various amines using sulfated polyborate catalyst

 

a  Isolated yield
b  Extractive workup
c  No reaction

Entry Amine substrates Products Time (min) Yielda (%) Melting point (°C)

R1 R2 Obs. Lit.

1. C6H5 H 3a 10 98 46–48 46–47 [35]
2. 2-CH3–C6H4 H 3b 15 95 60–61 60–62 [56]
3. 4-CH3–C6H4 H 3c 15 97b 50–51 50–54 [35]
4. 2-HO–C6H4 H 3d 15 95 128–129 129–131 [35]
5. 2-CH3O–C6H4 H 3e 20 94 79–80 80–81 [57]
6. 4-CH3O–C6H4 H 3f 15 96 77–78 78–80 [35]
7. 2-Cl–C6H4 H 3g 15 96 80–81 81–82 [58]
8. 4-Cl–C6H4 H 3h 10 98 99–100 99–101 [56]
9. 4-Br–C6H4 H 3i 15 97 112–114 115–119 [56]
10. 4-F–C6H4 H 3j 15 96 63–64 63–65 [59]
11. 2-CH3OCO–C6H4 H 3k 30 92b 49–50 49–50 [36]
12. 4-C2H5OCO–C6H4 H 3l 30 94 110–111 110 [60]
13. C6H5 C6H5 3m 45 89 68–69 67–71 [35]
14. c-C6H11 H 3n 20 98b Liq –
15. C6H5CH2 H 3o 30 97 60–61 60–62 [35]
16. C2H5 C2H5 3p 20 86b Liq. –
17. C6H5CH2 C6H5CH2 3q 30 97 50–51 51–52 [61]
18. Morpholine 3r 30 97b Liq –
19. Imidazole 3s 15 96b Liq –
Phenol/alcohol substrates
20. C6H5OH – – 60 NRc – –
21. C6H5CH2OH – – 60 NRc – –
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amines. On the other hand, secondary aromatic, primary 
and secondary aliphatic amines took longer reaction time 
than primary aromatic amines (Table 3, entries 13–18). 
Result obtained from N-formylation of imidazole is com-
parable to aromatic amines (Table 3, entry 19).

The chemoselectivity of the catalyst for O-formylation 
versus N-formylation was ascertained using a substrate 
bearing both OH and  NH2 groups, which resulted in N-for-
mylation selectively (Table 3, entry 4), while formylation of 
phenol and benzyl alcohol was unsuccessful (Table 3, entries 
20 and 21) (Fig. 2).

The reusability of the catalyst in the model reaction of 
4-chloroaniline and formic acid (98%) under solvent-free 
conditions at 70 °C was evaluated. The recovered catalyst 
was recycled for four times with no significant loss in a cata-
lytic activity (Fig. 3).

A plausible mechanism for the N-formylation reaction is 
depicted in Fig. 4. First step is the activation of carbonyl of 

formic acid by the coordination with the catalyst. Thus, the 
electrophilic character of formic acid may increase and could 
be much more active for the nucleophilic attack of amine 
[36]. The protonation and subsequent dehydration produce 
formamide and regenerate the catalyst.

Conclusion

In conclusion, the present procedure is a rapid, green, effi-
cient and eco-friendly protocol for N-formylation of vari-
ous primary and secondary aromatic, aliphatic, heterocyclic 
amines under optimized conditions. Mild reaction condi-
tions, shorter reaction time, high yields, easy of workup pro-
cedure, chemoselectivity and recyclability of the catalyst, 
are the key features of this procedure. Moreover, present 
method tolerates a wide variety of substituents. This protocol 
gives enhanced product purity and promises economical as 
well as ecological rewards.
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