
  
Abstract—Treatment of structurally diverse aniline derivatives 

with formic acid in the presence of catalytic amount of aq. NaICl2 
(25 mol%), carbon and oxone® in water at  reflux temperature 
resulted highly efficient N-formylation to afford  superior  excellent 
yield of corresponding formamides. 
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I. INTRODUCTION 
-FORMYLATION is an important process for the 
production of formamides, a versatile moiety in organic 

synthesis. Formamides have been widely used as precursor for 
synthesis of pharmaceutically important compounds such as 
1,2-dihydroquinolines [1], oxalidinones [2], substituted aryl 
imidazoles [3] and nitrogen bridged heterocycles [4] etc.  In 
addition, they are useful reagents in asymmetric allylation 
[5], hydrosilylation [6], Vilsmeier formylation [7], synthesis 
of formamidines [8] and isocyanides [9]; and as an amino 
protecting group in peptide synthesis [10]. Though number of 
methods has been reported for N-formylation using different 
formylating agents [11]-[19], most of them suffer from 
drawbacks such as use of expensive and toxic reagents, 
unavailability of reagents, long reaction time, thermal 
instability, strict anhydrous conditions and formation of 
byproducts. 

Hypervalent iodine reagents have attracted a wide attention 
of the organic chemists to explore new and safe reagents. The 
advantages of different hypervalent iodine reagents have been 
widely demonstrated and successfully applied for various 
organic transformations.  Our research group is highly active 
in the development of new methodologies using hypervalent 
iodine reagents [20]. Our decennial interest in new 
applications of hypervalent iodine reagents motivated us to 
discover novel, simple and highly efficient method for N-
formylation. 
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II. RESULTS AND DISCUSSION 
 Initially, we selected to compare performance of various 
hypervalent (III) iodine reagents using aniline as moderate 
substrate (Table I). Very minor reaction was observed when 
(diacetoxyiodo)benzene was reacted with aniline and formic 
acid for 24 h. With dichloroiodobenzene as a reagent, 
reaction proceeded unsatisfactory with 55% yields.  It was 
observed that when 2M aq. Sodium dichloroiodate (NaICl2) 
solution was used, the product showed very minute evidence 
of desired N-formylation product. However, product was 
characterized as 2,6-diiodoaniline resulting from iodination 
of aniline. To overcome this undesired iodination, it was 
decided to add activated carbon (carbon) in reaction mass; as 
it is well known that iodine is well adsorbed on carbon. The 
reaction proceeded smoothly in water at reflux temperature to 
afford formanilide exclusively without any undesired 
byproducts. To improve reaction yield, oxone® was used as 
co-oxidant and this afforded high yield product at reflux 
temperature in 3 h. 

 
TABLE I 

INFLUENCE OF REAGENT RATIO ON N-FORMYLATION 

Sr. 
No. Reagenta Time 

(h) 
Yield 
(%) 

1 (diacetoxyiodo) benzene 24 10 
2 dichloroiodobenzene 13 55 
3 Aq. NaICl2 10 12 
4 Aq. NaICl2 and carbon 8 70 
5 Aq. NaICl2, oxone® and carbon 3 85 
6 Aq. NaICl2, (50 mol%), oxone® and carbon 3 86 
7 Aq. NaICl2, (25 mol%), oxone® and carbon 3 86 
8 Aq. NaICl2, (10 mol%), oxone® and carbon 6 61 
9 Aq. NaICl2, (1 mol%), oxone® and carbon 12 42 

a All reagents are used in 1equivalence if not mentioned. 
 

Encouraged by above results, the reagent system of aq. 
NaICl2, oxone® and carbon was applied to investigate the role 
of various reaction parameters to optimize reaction 
conditions. The reaction was carried out with 50 mol% aq. 
NaICl2, and surprisingly, the time taken for reaction 
completion remained the same. These results indicated that 
catalytic amount of aq. NaICl2 was sufficient to drive the 
reaction to completion. The amount of aq. NaICl2 varied from 
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50 mol% to 1 mol% to check minimum amount of aq. NaICl2 
required for conversion of aniline to formanilide. Decreasing 
the amount of aq. NaICl2 below 25 mol% led to perceptible 
change in reaction time and moreover yields were also 
slightly decreased. Though exact mechanism is yet to be 
established, we postulate that high surface area and excellent 
adsorption of iodine on carbon enhances availability of all 
ions and promotes catalytic reaction. The effect of oxone® on 
reaction efficiency was also examined and it was observed 
that a molar equivalent of oxone® produced best results. 
Indeed, the reduction of amount of oxone® below a molar 
equivalent significantly suppressed the yield of reaction and 
use of higher equivalents of oxone® resulted to undesired side 
products. Compared to various contents of carbon, the best 
results were obtained when one gram of carbon was used per 
ml of aq. NaICl2. Although lesser amount of carbon did not 
affect the yield of reaction, higher amount of carbon eased the 
work up as it adsorbed colored impurities formed. 
Comparison of various solvents such as water, methanol, 
chloroform and DMF revealed that best yields were obtained 
using water. Subsequently, examination of reaction at various 
temperatures exhibited that reflux temperature was best 
choice with respect to the reaction time and yield (Fig. 1). 

 
NH2 NH O

H

Aq. NaICl2 (25 mol%)

+
O

OHH

oxone/ carbon

Water, 100 
o
C, 3 h

R R  
Fig. 1: Reaction of aniline derivatives with aq. NaICl2 (25 mol%), 
oxone® (1 equiv), carbon (g/mL of aq. NaICl2) and formic acid  (2 

equiv) in water at 100 oC to obtain corresponding formanilide 
derivatives 

 
To evaluate potential of this novel reagent system, different 

structurally diverse primary and secondary amines were 
subjected to reaction parameters optimized for aniline. The 
reaction time and yields are summarized in Table II. The 
reaction proceeded well with various electron-rich, electron-
deficient aniline derivatives to afford high to excellent yields 
of desired formamides. 

 
TABLE II 

N-FORMYLATION OF ANILINE DERIVATIVES USING OPTIMIZED REACTION 
CONDITIONa  

Sr. No. Substrate Productb Time 
(h) 

Yield 
(%) 

1 
NH2

 

NH
CHO

 
3 86 

2 
NH2

 

NH

CHO
 

3 86 

3 
NH2

H3CO  

NH

H3CO

CHO

 
3 87 

4 
NH2

OH  

NH

OH

CHO

 
3 84 

5 
NH2

OH

 

NH

OH

CHO

 

3 84 

6 
NH2

HOOC  

NH
CHO

HOOC  
3 79 

7 
NH2

O2N  

NH

O2N

CHO

 
3 80 

8 
NH2

Br  

NH

Br

CHO

 
3 85 

9 
NH2

Cl  

NH

Cl

CHO

 
3 85 

10 

NH

 

N

CHO

 
5 68 

a All reactions of aniline derivatives (1 mmol) were performed at 100 oC in 
the presence of formic acid (2 mmol), aq. NaICl2 (25 mol%), Carbon (g/ cm3 of 
aq. NaICl2) and oxone® (1mmol) in water. 

b All previously reported products were identified by comparison of their 
NMR spectra, GC-MS, and melting points with literature data. 

c Isolated yields of analytically pure products. 
 
 The accomplishment of N-fomylation encouraged us to 
investigate whether the N-acylation can be realized via this 
new protocol. It was observed that, the reaction of aliphatic 
acids with aniline derivatives proceeded in facile manner 
giving rise to 65-70% yield, but no reaction was observed 
when aromatic acid such as benzoic acid was used. The 
results are shown in Table III. 

 
TABLE III 

N-ACYLATION OF ANILINE DERIVATIVES  

NH2 NH O

R1

NaICl2 (25 mol%)

+
O

OHR1

oxone/ carbon

Water, 100 
o
C, 3 h

R R  

Sr. 
No. R R1 Productb Time 

(h) 
Yield 
(%) 

1 
NH2

 

O

CH3

OH

 

NH O

CH3

 
3 70 

2 
NH2

 

O

OH

CH3  

NH O

CH3

 

3 69 

3 
NH2

 

O

OH

 
No reaction - - 

4 
NH2

Cl  

O

CH3

OH

 

NH O

CH3
Cl

 
3 67 

a All reactions of anilines (1 mmol) were performed at 100 oC with 
corrosponding acid (2 mmol), aq. NaICl2 (25 mol%), Carbon (g/ cm3 of aq. 
NaICl2) and oxone® (1mmol) in water. 

b All previously reported products  were identified by comparison of their 
NMR spectra, GC-MS, and melting points with literature data. 

c Isolated yields of analytically pure products. 

III. CONCLUSION 
A highly efficient N-formylation of anilines with formic 
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acid catalyzed by aq. NaICl2, carbon and oxone® is revealed. 
Reaction conditions are optimized using different hypervalent 
iodine reagents and various reaction parameters. It should be 
noted that, reaction proceeds well with various electron-rich, 
electron-deficient aniline derivatives to afford high to 
excellent yields of desired formamides. Study of N-acylation 
adds an additional credit to the present work. 

ACKNOWLEDGMENT 
N. C. J. acknowledges University Grant Commission 

(UGC) India for the financial support. 

REFERENCES   
[1] K. Kobayashi, S. Nagato, M. Kawakita, O. Morikawa, and H. Konishi, 

“Synthesis of 1-formyl-1,2-dihydroquinoline derivatives by a lewis acid-
catalyzed cyclization of o-(1-hydroxy-2-alkenyl)phenyl isocyanides,” 
Chem. Lett., pp. 575–576, 1995. 
http://dx.doi.org/10.1246/cl.1995.575 

[2] A. Kakehi, S. Ito, S. Hayashi, and T. Fujii, “Preparation of new nitrogen-
bridged heterocycles. 40. synthesis of 1,4-dihydropyrido (2,3-b) indolizin-
4-one derivatives,” Bull. Chem. Soc. Jpn., vol. 68, pp. 3573–3580, 1995. 
http://dx.doi.org/10.1246/bcsj.68.3573 

[3] B. -C. Chen, M. S. Bednarz, R. Zhao, J. E. Sundeen, P. Chen, Z. Shen, A. 
P. Skoumbourdis, and J. C. Barrish, “A new facile method for the synthesis 
of 1-arylimidazole-5-carboxylates,” Tetrahedron Lett., vol. 41, pp. 5453-
5456, 2000. 
http://dx.doi.org/10.1016/S0040-4039(00)00910-2 

[4] B. B. Lohray, S. Baskaran, B. Srinivasa Rao, B. Yadi Reddy, and I. 
Nageswara Rao, “A short synthesis of oxazolidinone derivatives linezolid 
and eperezolid: A new class of antibacterials,” Tetrahedron Lett., vol. 40, 
pp. 4855–4856, 1999. 
http://dx.doi.org/10.1016/S0040-4039(99)00893-X 

[5] S. Kobayashi, and K. Nishio, “Facile and highly stereoselective synthesis 
of homoallylic alcohols using organosilicon intermediates,” J. Org. Chem., 
vol. 59, pp. 6620–6628, 1994. 
http://dx.doi.org/10.1021/jo00101a021 

[6] S. Kobayashi, M. Yasuda, and I. Hachiya, “Trichlorosilane-
Dimethylformamide (Cl3SiH-DMF) as an efficient reducing agent. 
reduction of aldehydes and imines and reductive amination of aldehydes 
under mild conditions using hypervalent hydridosilicates,” Chem. Lett., pp. 
407–408, 1996. 
http://dx.doi.org/10.1246/cl.1996.407 

[7] I. M. Downie, M. J. Earle, H. Heaney, and K. F. Shuhaibar, “Vilsmeier 
formylation and glyoxylation reactions of nucleophilic aromatic 
compounds using pyrophosphoryl chloride,” Tetrahedron, vol. 49, pp. 
4015–4034, 1993. 
http://dx.doi.org/10.1016/S0040-4020(01)89915-4 

[8] Y. Han, and L. Cai, “An efficient and convenient synthesis of 
formamidines,” Tetrahedron Lett.,vol. 38, pp. 5423–5426, 1997. 
http://dx.doi.org/10.1016/S0040-4039(97)01206-9 

[9] L. G. Humer, F. Herr, and M. P.Charest, “Chemistry and pharmacology of 
5-methylene-4-substituted dibenzo[.alpha.,d]cycloheptenes,” J. Med. 
Chem., vol. 14, pp. 982–985, 1971. 
http://dx.doi.org/10.1021/jm00292a024 

[10] J. Martinez, and J. Laur, “Active esters of formic acid as useful 
formylating agents: Improvements in the synthesis of formyl-amino acid 
esters, N -α-formyl-Met-Leu-Phe-OH, and Formyl-Met-Lys-Pro-Arg, a 
phagocytosis stimulating peptide,” Synthesis, pp. 979–981, 1982. 
http://dx.doi.org/10.1055/s-1982-30034 

[11] H. Yale, “Formylation of amines with phenyl formate,” J. Org. Chem., 
vol.  36, pp. 3238–3240, 1971. 
http://dx.doi.org/10.1021/jo00820a603 

[12] J. Deutsch, and H. J. Niclas, “A convenient procedure for the formylation 
of amines and alcohols using cyanomethyl formate,” Synth. Commun., vol. 
23, pp. 1561–1568, 1993. 
http://dx.doi.org/10.1080/00397919308011251 

[13] H. S. Prasad, G. R. Srinivasa, and D. Channe Gowda, “Convenient, 
cost‐effective, and mild method for the N‐acetylation of anilines and 
secondary amines,” Synth. Commun., vol. 35, pp. 1189–1195, 2005. 
http://dx.doi.org/10.1081/SCC-200054764 

[14] L. A. Shastri, S. L. Shastri, C. D. Bathula, M. Basanagouda, and M. V. 
Kulkarni, “Mild, simple, and efficient method for N-formylation of 
secondary amines via reimer–tiemann reaction,” Synthetic Commun., vol. 
41, pp. 476–484, 2011. 
http://dx.doi.org/10.1080/00397910903576644 

[15] B. Desai, T. N. Danks, and G. Wagner, “Thermal and microwave-assisted 
N-formylation using solid-supported reagents,” Tetrahedron Lett., vol. 46, 
pp. 955–957, 2005. 
http://dx.doi.org/10.1016/j.tetlet.2004.12.044 

[16] P. Ganapati Reddy, G. Kishore Kumar, and S. Baskaran, “A convenient 
method for the N-formylation of secondary amines and anilines using 
ammonium formate,” Tetrahedron Lett., vol. 41, pp. 9149–9151, 2000. 
http://dx.doi.org/10.1016/S0040-4039(00)01636-1 

[17] M. Hosseini-Sarvari, and H. Sharghi, “ZnO as a new catalyst for N-
formylation of amines under solvent-free conditions,” J. Org. Chem., vol. 
71, pp. 6652–6654, 2006. 
http://dx.doi.org/10.1021/jo060847z 

[18] G. Brahmachari, and S. Laskar, “A very simple and highly efficient 
procedure for N-formylation of primary and secondary amines at room 
temperature under solvent-free conditions,” Tetrahedron Lett., vol. 51, pp. 
2319–2322, 2010. 
http://dx.doi.org/10.1016/j.tetlet.2010.02.119 

[19] B. Das, M. Krishnaiah, P. Balasubramanyam, B. Veeranjaneyulu, and D. 
Nandan Kumar, “A remarkably simple N-formylation of anilines using 
polyethylene glycol,” Tetrahedron Lett., vol. 49, pp. 2225–2227, 2008. 
http://dx.doi.org/10.1016/j.tetlet.2008.02.050 

[20] (a) K. N. Patel, N. C. Jadhav, P. B. Jagadhane, and V. N. Telvekar, “A 
novel strategy for the construction of azole heterocycles via an oxidative 
desulfurization approach using iodobenzene and oxone®,” Synlett, vol. 23, 
pp. 1970–1972, 2012; 
http://dx.doi.org/10.1055/s-0031-1290439 
 (b) N. C. Jadhav, P. B. Jagadhane, K. N. Patel, and V. N. Telvekar, “An 
expedient route to the azoles through oxidative desulfurization using iodine 
reagent,” Tetrahedron Lett., vol. 54, pp. 101–105, 2013; 

 http://dx.doi.org/10.1016/j.tetlet.2012.10.114  
(c) V. N. Telvekar, and N. C. Jadhav, “Simple system for oxidation of 
alcohols in aqueous solution,” Synth. Commun., vol. 38, pp. 3107–3111, 
2008; 
http://dx.doi.org/10.1080/00397910802054255 
 (d) V. N. Telvekar, and K. A. Sasane, “Simple and facile benzylic C-H 
oxidation using (diacetoxyiodo)benzene and catalytic sodium azide,” 
Synth. Commun., vol. 42, pp. 1325–1329, 2012. 
http://dx.doi.org/10.1080/00397911.2010.539756 

[21] Typical Experimental procedure: 
Aniline (0.1 g, 1.08 mmol) and formic acid (0.08 g, 2 mmol) were added 
to a suspension of 2 M aq. NaICl2 (0.13 cm3, 0.26 mmol), carbon (0.13 g) 
and oxone® (0.3 g, 1.08 mmol) in water (10 cm3) and mixture was stirred 
at 100 oC for 3 h. Upon completion of reaction, the mixture was filtered to 
remove carbon. The filtrate was extracted with ethyl acetate (2 ×10 cm3) 
and organic layer was dried over anhydrous Na2SO4. The solvent was 
evaporated and crude residue was purified by column chromatography to 
yield pure formanilide. 

Int’l Journal of Advances in Chemical Engg., & Biological Sciences (IJACEBS) Vol. 1, Issue 1(2014) ISSN 2349-1507 EISSN 2349-1515

http://dx.doi.org/10.15242/IJACEBS.C0114101 129

http://dx.doi.org/10.1246/cl.1995.575
http://dx.doi.org/10.1246/cl.1995.575
http://dx.doi.org/10.1246/cl.1995.575
http://dx.doi.org/10.1246/cl.1995.575
http://dx.doi.org/10.1246/cl.1995.575
http://dx.doi.org/10.1246/bcsj.68.3573
http://dx.doi.org/10.1246/bcsj.68.3573
http://dx.doi.org/10.1246/bcsj.68.3573
http://dx.doi.org/10.1246/bcsj.68.3573
http://dx.doi.org/10.1016/S0040-4039(00)00910-2
http://dx.doi.org/10.1016/S0040-4039(00)00910-2
http://dx.doi.org/10.1016/S0040-4039(00)00910-2
http://dx.doi.org/10.1016/S0040-4039(00)00910-2
http://dx.doi.org/10.1016/S0040-4039(00)00910-2
http://dx.doi.org/10.1016/S0040-4039(99)00893-X
http://dx.doi.org/10.1016/S0040-4039(99)00893-X
http://dx.doi.org/10.1016/S0040-4039(99)00893-X
http://dx.doi.org/10.1016/S0040-4039(99)00893-X
http://dx.doi.org/10.1016/S0040-4039(99)00893-X
http://dx.doi.org/10.1021/jo00101a021
http://dx.doi.org/10.1021/jo00101a021
http://dx.doi.org/10.1021/jo00101a021
http://dx.doi.org/10.1021/jo00101a021
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1246/cl.1996.407
http://dx.doi.org/10.1016/S0040-4020(01)89915-4
http://dx.doi.org/10.1016/S0040-4020(01)89915-4
http://dx.doi.org/10.1016/S0040-4020(01)89915-4
http://dx.doi.org/10.1016/S0040-4020(01)89915-4
http://dx.doi.org/10.1016/S0040-4020(01)89915-4
http://dx.doi.org/10.1016/S0040-4039(97)01206-9
http://dx.doi.org/10.1016/S0040-4039(97)01206-9
http://dx.doi.org/10.1016/S0040-4039(97)01206-9
http://dx.doi.org/10.1021/jm00292a024
http://dx.doi.org/10.1021/jm00292a024
http://dx.doi.org/10.1021/jm00292a024
http://dx.doi.org/10.1021/jm00292a024
http://dx.doi.org/10.1055/s-1982-30034
http://dx.doi.org/10.1055/s-1982-30034
http://dx.doi.org/10.1055/s-1982-30034
http://dx.doi.org/10.1055/s-1982-30034
http://dx.doi.org/10.1055/s-1982-30034
http://dx.doi.org/10.1021/jo00820a603
http://dx.doi.org/10.1021/jo00820a603
http://dx.doi.org/10.1021/jo00820a603
http://dx.doi.org/10.1080/00397919308011251
http://dx.doi.org/10.1080/00397919308011251
http://dx.doi.org/10.1080/00397919308011251
http://dx.doi.org/10.1080/00397919308011251
http://dx.doi.org/10.1081/SCC-200054764
http://dx.doi.org/10.1081/SCC-200054764
http://dx.doi.org/10.1081/SCC-200054764
http://dx.doi.org/10.1081/SCC-200054764
http://dx.doi.org/10.1080/00397910903576644
http://dx.doi.org/10.1080/00397910903576644
http://dx.doi.org/10.1080/00397910903576644
http://dx.doi.org/10.1080/00397910903576644
http://dx.doi.org/10.1080/00397910903576644
http://dx.doi.org/10.1016/j.tetlet.2004.12.044
http://dx.doi.org/10.1016/j.tetlet.2004.12.044
http://dx.doi.org/10.1016/j.tetlet.2004.12.044
http://dx.doi.org/10.1016/j.tetlet.2004.12.044
http://dx.doi.org/10.1016/S0040-4039(00)01636-1
http://dx.doi.org/10.1016/S0040-4039(00)01636-1
http://dx.doi.org/10.1016/S0040-4039(00)01636-1
http://dx.doi.org/10.1016/S0040-4039(00)01636-1
http://dx.doi.org/10.1021/jo060847z
http://dx.doi.org/10.1021/jo060847z
http://dx.doi.org/10.1021/jo060847z
http://dx.doi.org/10.1021/jo060847z
http://dx.doi.org/10.1016/j.tetlet.2010.02.119
http://dx.doi.org/10.1016/j.tetlet.2010.02.119
http://dx.doi.org/10.1016/j.tetlet.2010.02.119
http://dx.doi.org/10.1016/j.tetlet.2010.02.119
http://dx.doi.org/10.1016/j.tetlet.2010.02.119
http://dx.doi.org/10.1016/j.tetlet.2008.02.050
http://dx.doi.org/10.1016/j.tetlet.2008.02.050
http://dx.doi.org/10.1016/j.tetlet.2008.02.050
http://dx.doi.org/10.1016/j.tetlet.2008.02.050
http://dx.doi.org/10.1055/s-0031-1290439
http://dx.doi.org/10.1055/s-0031-1290439
http://dx.doi.org/10.1055/s-0031-1290439
http://dx.doi.org/10.1055/s-0031-1290439
http://dx.doi.org/10.1055/s-0031-1290439
http://dx.doi.org/10.1016/j.tetlet.2012.10.114
http://dx.doi.org/10.1016/j.tetlet.2012.10.114
http://dx.doi.org/10.1016/j.tetlet.2012.10.114
http://dx.doi.org/10.1016/j.tetlet.2012.10.114
http://dx.doi.org/10.1080/00397910802054255
http://dx.doi.org/10.1080/00397910802054255
http://dx.doi.org/10.1080/00397910802054255
http://dx.doi.org/10.1080/00397910802054255
http://dx.doi.org/10.1080/00397911.2010.539756
http://dx.doi.org/10.1080/00397911.2010.539756
http://dx.doi.org/10.1080/00397911.2010.539756
http://dx.doi.org/10.1080/00397911.2010.539756



