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Abstract 
Indium(III) triflate, a trivalent indium reagent, was shown to be a highly-efficient catalyst for the 
conversion of primary amides to the corresponding nitriles. The successful reactions required 5 
mol% of indium(III) triflate, and toluene was proved to be the most suitable solvent. Various 
amides were subjected to this method, and each produced the corresponding nitriles in excellent 
yields. 
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1. Introduction 
The development of efficient methods for the preparation of nitriles has been receiving extensive attention in 
organic synthesis because of important applications in the fields of chemistry and biochemistry [1]. Nitriles are 
common building blocks that are used in chemical industries for the production of pharmaceutically or agro- 
chemically valuable agents. The known classic protocols for the synthesis of aryl nitriles include the Sandmeyer 
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reaction of aryldiazonium salts and the cyanation of aryl halides by metal cyanides in the presence of transition 
metal catalysts [2]-[5]. Recently, the direct transformation of methyl arenes to the corresponding aryl nitriles has 
been reported, which uses sodium azide as the nitrogen source and is promoted by copper salt [6]. 

Another practical method to form nitriles is the dehydration of primary amides. There are a number of reports 
concerning the dehydration of primary amides conducted with stoichiometric amounts of acidic reagents such as 
P2O5 [7], [8], POCl3 [9], SOCl2 [10]-[12], aryl chlorothionoformate [13], trifluoroacetic anhydride [14], and 
trichloroisocyanuric acid [15]. However, in many cases, implementation with these acidic reagents may not be 
appropriate, particularly for compounds that possess acid sensitive substrates. In this regard, more recently, me-
talcatalyzed methods for the transformation of primary amides to nitriles have been introduced as efficient al-
ternatives. Various successful applications have been reported, utilizing a variety of metals including Ru, Rh, W, 
Pd, V, Re, and U [16]-[25]. Also, Fe, Cu, and Zn, which are known to be abundant and environmentally safe 
elements, have shown practical applicability to this transformation [26]-[30]. Another rare metal, In, as trivalent 
InCl3, has been used to accelerate the dehydration of oximes and arenes with benzyl alcohols [31], [32]. After 
studying the chemical utility of trivalent indium reagents [33]-[36], we conducted a preliminary investigation 
into the use of trivalent indium reagents for the conversion of primary amides. As part of our ongoing investiga- 
tions, In(OTf)3 was found to be a suitable and highly-efficient catalyst for transforming primary amides to ni- 
triles in combination with N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA) [26]-[30], which has unique 
dehydrating properties as described in recent reports (Figure 1). Herein, we report the details of this study. 

2. Results and Discussion 
Initially, to the starting substrate, para-toluamide, we attempted the reactions using 10 and 5 mol% of In(OTf)3 
(Table 1, entries 1 and 2). The behaviour of these reactions was quite identical with regard to reaction time and 
yield. Consequently, the use of different amounts of MSTFA was investigated, keeping toluene as the solvent. 
However, the result was a diminished yield, as we anticipated (Table 1, entries 3 and 4). In order to confirm the 
selection of a solvent, three starting primary amides were subjected to the same competent reaction conditions. 
In all cases, the reactions employing toluene furnished nitriles in excellent yields (Table 1, entries 6 and 8), 
whereas the reactions using THF gave insufficient outcomes (Table 1, entries 5, 7 and 9). 

With the optimized parameters in hand, we investigated the scope and applicability of various aromatic and 
aliphatic amides. As shown in Table 2, many benzamide derivatives were converted to the corresponding ni- 
triles in excellent yields. The substituents on the aromatic ring, such as halogen and alkyl groups, were inert 
through the course of the reactions. In particular, primary amides of phenol and aniline derivatives gave the ni- 
triles successfully in excellent yields without requiring tedious chemical protecting procedures of the para-hy- 
droxy and meta-amino groups (Table 2, entries 6 and 8). Furthermore, the limitations of the protecting groups 
were examined. The tert-butyldimethylsilyl (TBDMS) and tert-butyl-diphenylsilyl (TBDPS) groups were resis- 
tant to the reaction conditions yielding the silyl-maintained products [37] in good order (Table 2, entries 9 and 
10). Consulting the previous report [26]-[30], these results suggest that the reaction condition employing cata-
lytic In(OTf)3 is mild enough to maintain acid labile silyl protecting groups. 

The study was then extended to bicyclic and aliphatic compounds under the same reaction processes. Overall, 
the conversion reactions were applicable to bicyclic and aliphatic compounds, as indicated in Table 3. Compar- 
ing 1- and 2-naphthamides, 2-naphthamide resulted in a highly improved yield of nitriles (Table 3, entries 1 and 
2). Aliphatic primary amides were also similarly transformed to the corresponding nitriles in good to excellent 
yields (Table 3, entries 3, 4 and 5). Especially, it is notable that the reaction with oleamide, which possesses a 
double bond in the middle of elongated chain, successfully furnished the desired nitrile as good as in a 94% 
yield (Table 3, entry 3). 

The proposed reaction mechanism involving MSTFA were reported by Enthaler and co-workers [25]-[27]. In 
this case, also, the pathway can be similar, though further investigation is needed. 

3. Conclusion 
In summary, we have developed a highly efficient method for the conversion of primary amides to nitriles using 
In(OTf)3 as the catalyst. These reactions produced both aromatic and aliphatic nitriles in excellent yields. The 
reactions were accomplished while maintaining acid labile silyl protecting functionalities. Further development 
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Figure 1. Structure of N-methyl-N-(trimethylsilyl)trifluoroacetamide (MSTFA).                                    

Table 1. Reactions in the search for optimal conditions.                                                         

 

Entry R1, 
R2 

Solvent In(OTf)3, 
MSTFA 

Time 
(h) 

Yielda 

(%) 

1 Me, 
H toluene 10 mol%, 

3.5 eq 3 70 

2 Me, 
H toluene 5 mol%, 

3.5 eq 3 70 

3 Me, 
H toluene 5 mol%, 

2.5 eq 3 63 

4 Me, 
H toluene 5 mol%, 

1.5 eq 3 32 

5 Me, 
H THF 5 mol%, 

3.5 eq 3 42 

6 H, 
OMe toluene 5 mol%, 

3.5 eq 3 quant 

7 H, 
OMe THF 5 mol%, 

3.5 eq 3 65 

8 H, 
Cl toluene 5 mol%, 

3.5 eq 3 quant 

9 H, 
Cl THF 5 mol%, 

3.5 eq 3 39 

aIsolated yields. 
 
of the method is in progress. 

4. Experimental 
4.1. Materials and Instruments 
All reagents were of analytical grade purchased commercially and used without further purification. All reac- 
tions were carried out under argon using magnetic stirring unless otherwise noted. 1H NMR and 13C NMR spec- 
tral data were recorded on a JEOL JMTC-500 spectrometer using TMS as internal standard. 

4.2. General Experimental Procedure 
The starting benzamide substrates (1 mmol) and In(OTf)3 (5 mol%) were dissolved in dehydrated toluene (5 
mL) contained in a 100 mL flask equipped with a magnetic stirrer and a reflux condenser, and MSTFA (3.5 
mmol) was added using a syringe at room temperature. The reaction mixture was heated at reflux for 3 h, and 
was monitored for completion by TLC. After the reaction mixture was cooled to room temperature, the solvent 
was concentrated by rotary evaporation. Flash column chromatography on silica gel furnished the corresponding 
nitrile product, which was confirmed by spectroscopy. 

4-(tert-butyldimethylsilyloxy)benzonitrile: 1H NMR (500 MHz, CDCl3) δ = 7.54 (2H, d, J = 8.5 Hz), 6.89 
(2H, d, J = 8.5 Hz), 0.98 (9H, s), 0.23 (6H, s); 13C NMR (125 MHz, CDCl3) δ = 159.7, 134.0, 120.8, 119.2, 
104.6, 25.5, 18.2, −4.4. 
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Table 2. Conversion of aromatic primary amides to nitriles.                                                      

 
Entry Starting substrate Product Time (h) Yielda (%) 

1 
CONH2

Me  

CN

Me  
3 70 

2 

CONH2

OMe

MeO

 

CN

OMe

MeO

 

3 quant 

3 

CONH2

Cl

Cl

 

CN

Cl

Cl

 

3 quant 

4 
CONH2

MeO  

CN

MeO  
3 quant 

5 
CONH2

Ph  

CN

Ph  
3 quant 

6 
CONH2

HO  

CN

HO  
3 quant 

7 
CONH2

Bu  

CN

Bu  
3 94% 

8 
CONH2H2N

 

CNH2N

 
4 quant 

9 
CONH2

TBDMSO  

CN

TBDMSO  
3 98% 

10 
CONH2

TBDPSO  

CN

TBDPSO  
3 81% 

aIsolated yields. 

Table 3. Conversion of bicyclic and aliphatic primary amides to nitriles.                                            

Entry Starting substrate Product Time (h) Yielda (%) 

1 

CONH2

 

CN

 
3 75 

2 
CONH2

 

CN

 
3 quant 

3 H3C(H2C)7 (CH2)7CONH2  H3C(H2C)7 (CH2)7CN  3 94 

4 
O CONH2  O CN  

3 69 

5 

CONH2

CONH2  

CN

CN
 

3 quant 

aIsolated yields. 
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4-(tert-butyldiphenylsilyloxy)benzonitrile: 1H NMR (500 MHz, CDCl3) δ = 7.67 (4H, dd, J = 8.0 and 2.0 Hz), 
7.48 - 7.37 (8H, m), 6.79 (2H, d, J = 8.5 Hz), 1.10 (9H, s); 13C NMR (125 MHz, CDCl3) δ = 159.5, 135.3, 133.8, 
131.7, 130.3, 128.0, 120.6, 119.2, 104.4, 26.3, 19.4. 

Acknowledgements 
This study was partially supported by a grant from the Naito Foundation. 

References 
[1] Larock, R.C. (1999) Comprehensive Organic Transformations. 2nd Edition, John Wiley & Sons Inc., New York. 
[2] Schareina, T., Zapf, A. and Beller, M. (2004) Potassium Hexacyanoferrate(II)-a New Cyanating Agent for the Palla- 

dium-Catalyzed Cyanation of Aryl Halides. Chemical Communications, 12, 1388-1389. 
http://dx.doi.org/10.1039/b400562g 

[3] Cristau, H.-J., Ouali, A., Spindler, J.-F. and Taillefer, M. (2005) Mild and Efficient Copper-Catalyzed Cyanation of 
Aryl Iodides and Bromides. Chemistry A European Journal, 11, 2483-2492. 
http://dx.doi.org/10.1002/chem.200400979 

[4] Zanon, J., Klapars, A. and Buchwald, S.L. (2003) Copper-Catalyzed Domino Halide Exchange-Cyanation of Aryl 
Bromides. Journal of the American Chemical Society, 125, 2890-2891. http://dx.doi.org/10.1021/ja0299708 

[5] Ellis, G.P. and Romney-Alexander, T.M. (1987) Cyanation of Aromatic Halides. Chemical Reviews, 87, 779-794. 
http://dx.doi.org/10.1021/cr00080a006 

[6] Zhou, W., Zhang, L. and Jiao, N. (2009) Direct Transformation of Methyl Arenes to Aryl Nitriles at Room Tempera- 
ture. Angewandte Chemie, International Edition, 48, 7094-7097. http://dx.doi.org/10.1002/anie.200903838 

[7] Kent, R.E. and McElvan, S.M. (1945) Isobutyronitrile. Organic Syntheses, 25, 61-62. 
[8] Reisner, D.B. and Hornig, E.C. (1950) Chloroacetonitrile. Organic Syntheses, 30, 22-23. 
[9] Sugimoto, O., Mori, M., Moriya, K. and Tanji, K. (2001) Application of Phosphonium Salts to the Reactions of Vari- 

ous Kinds of Amides. Helvetica Chimica Acta, 84, 1112-1118. 
http://dx.doi.org/10.1002/1522-2675(20010516)84:5<1112::AID-HLCA1112>3.0.CO;2-8 

[10] Krynitsky, J.A. and Carhart, H.W. (1952) 2-Ethylhexanonitrile. Organic Syntheses, 32, 65-67. 
[11] Rickborn, B. and Jensen, F.R. (1962) “α-Carbon Isomerization in Amide Dehydrations. Journal of Organic Chemistry, 

27, 4608-4610. http://dx.doi.org/10.1021/jo01059a114 
[12] Kim, S. and Yi, K.Y. (1986) Di-2-Pyridyl Sulfite. A New Useful Reagent for the Preparation of N-Sulfinylamines, Ni- 

triles, Isocyanides, and Carbodiimides under Mild Conditions. Tetrahedron Letters, 27, 1925-1928. 
http://dx.doi.org/10.1016/S0040-4039(00)84413-5 

[13] Bose, D.S. and Goud, P.R. (1999) Aryl Chlorothionoformate: A New Versatile Reagent for the Preparation of Nitriles 
and Isonitriles under Mild Conditions. Tetrahedron Letters, 40, 747-748. 
http://dx.doi.org/10.1016/S0040-4039(98)02361-2 

[14] Campagna, F., Carotti, A. and Casini, G. (1977) A Convenient Synthesis of Nitriles from Primary Amides under Mild 
Conditions. Tetrahedron Letters, 18, 1813-1816. http://dx.doi.org/10.1016/S0040-4039(01)83612-1 

[15] Hiegel, G.A., Ramirez, J. and Barr, R.K. (1999) Chlorine Substitution Reactions Using Trichloroisocyanuric Acid with 
Triphenylphosphine. Synthetic Communications, 29, 1415-1419. http://dx.doi.org/10.1080/00397919908086119 

[16] Hanada, S., Motoyama, Y. and Nagashima, H. (2008) Hydrosilanes Are Not Always Reducing Agents for Carbonyl 
Compounds but Can Also Induce Dehydration: A Ruthenium-Catalyzed Conversion of Primary Amides to Nitriles. 
European Journal of Organic Chemistry, 2008, 4097-4100. http://dx.doi.org/10.1002/ejoc.200800523 

[17] Watanabe, Y., Okuda, F. and Tsuj, Y. (1990) Ruthenium Complex-Catalyzed Dehydration of Carboxamides to Nitriles 
in the Presence of Urea Derivatives. Journal of Molecular Catalysis, 58, 87-94. 
http://dx.doi.org/10.1016/0304-5102(90)85181-G 

[18] Blum, J. and Fisher, A. (1970) Synthesis of Nitriles from Secondary Amides. Tetrahedron Letters, 11, 1963-1966. 
http://dx.doi.org/10.1016/S0040-4039(01)98128-6 

[19] Blum, J., Fisher, A. and Greener, E. (1973) Catalytic Decomposition of Secondary Carboxamides by Transition-Metal 
Complexes. Tetrahedron, 29, 1073-1081. http://dx.doi.org/10.1016/0040-4020(73)80064-X 

[20] Campbell, J.A., McDougald, G., McNab, H., Rees, L.V.C. and Tyas, R.G. (2007) Laboratory-Scale Synthesis of Ni- 
triles by Catalyzed Dehydration of Amides and Oximes under Flash Vacuum Pyrolysis (FVP) Conditions. Synthesis, 
2007, 3179-3184. http://dx.doi.org/10.1055/s-2007-990782 

http://dx.doi.org/10.1039/b400562g
http://dx.doi.org/10.1002/chem.200400979
http://dx.doi.org/10.1021/ja0299708
http://dx.doi.org/10.1021/cr00080a006
http://dx.doi.org/10.1002/anie.200903838
http://dx.doi.org/10.1002/1522-2675(20010516)84:5%3C1112::AID-HLCA1112%3E3.0.CO;2-8
http://dx.doi.org/10.1021/jo01059a114
http://dx.doi.org/10.1016/S0040-4039(00)84413-5
http://dx.doi.org/10.1016/S0040-4039(98)02361-2
http://dx.doi.org/10.1016/S0040-4039(01)83612-1
http://dx.doi.org/10.1080/00397919908086119
http://dx.doi.org/10.1002/ejoc.200800523
http://dx.doi.org/10.1016/0304-5102(90)85181-G
http://dx.doi.org/10.1016/S0040-4039(01)98128-6
http://dx.doi.org/10.1016/0040-4020(73)80064-X
http://dx.doi.org/10.1055/s-2007-990782


T. Mineno et al. 
 

 
6 

[21] Maffioli, S.I., Marzorati, E. and Marazzi, A. (2005) Mild and Reversible Dehydration of Primary Amides with PdCl2 in 
Aqueous Acetonitrile. Organic Letters, 7, 5237-5239. http://dx.doi.org/10.1021/ol052100l 

[22] Sueoka, S., Mitsudome, T., Mizugaki, T., Jitsukawa, K. and Kaneda, K. (2010) Supported Monomeric Vanadium Cat- 
alyst for Dehydration of Amides to Form Nitriles. Chemical Communications, 46, 8243-8245. 
http://dx.doi.org/10.1039/c0cc02412k 

[23] Ishihara, K., Furuya, Y. and Yamamoto, H. (2002) Rhenium(VII) Oxo Complexes as Extremely Active Catalysts in the 
Dehydration of Primary Amides and Aldoximes to Nitriles. Angewandte Chemie, International Edition, 41, 2983-2986. 
http://dx.doi.org/10.1002/1521-3773(20020816)41:16<2983::AID-ANIE2983>3.0.CO;2-X 

[24] Furuya, Y., Ishihara, K. and Yamamoto, H. (2007) Perrhenic Acid-Catalyzed Dehydration from Primary Amides, Al- 
doximes, N-Monoacylureas, and α-Substituted Ketoximes to Nitrile Compounds. Bulletin of the Chemical Society of 
Japan, 80, 400-406. http://dx.doi.org/10.1246/bcsj.80.400 

[25] Enthaler, S. (2011) Straightforward Uranium-Catalyzed Dehydration of Primary Amides to Nitriles. Chemistry A Eu- 
ropean Journal, 17, 9316-9319. http://dx.doi.org/10.1002/chem.201101478 

[26] Enthaler, S. (2011) Straightforward Iron-Catalyzed Synthesis of Nitriles by Dehydration of Primary Amides. European 
Journal of Organic Chemistry, 2011, 4760-4763. http://dx.doi.org/10.1002/ejoc.201100754 

[27] Enthaler, S. andInoue, S. (2012) An Efficient Zinc-Catalyzed Dehydration of Primary Amides to Nitriles. Chemistry 
An Asian Journal, 7, 169-175. http://dx.doi.org/10.1002/asia.201100493 

[28] Zhou, S., Addis, D., Das, S., Junge, K. and Beller, M. (2009) New Catalytic Properties of Iron Complexes. Dehydra- 
tion of Amides to Nitriles. Chemical Communications, 32, 4883-4885. http://dx.doi.org/10.1039/b910145d 

[29] Enthaler, S. and Weidauer, M. (2011) Copper-Catalyzed Dehydration of Primary Amides to Nitriles. Catalysis Letters, 
141, 1079-1085. http://dx.doi.org/10.1007/s10562-011-0660-9 

[30] Manjula, K. and Pasha, M.A. (2007) Rapid Method of Converting Primary Amides to Nitriles and Nitriles to Primary 
Amides by ZnCl2 Using Microwaves under Different Reaction Conditions. Synthetic Communications, 37, 1545-1550. 
http://dx.doi.org/10.1080/00397910701230147 

[31] Barman, D.C., Thakur, A.J., Prajapati, D. and Sandhu, J.S. (2000) Indium-Mediated Facile Dehydration and Beckmann 
Rearrangement of Oximes. Chemistry Letters, 10, 1196-1197. http://dx.doi.org/10.1246/cl.2000.1196 

[32] Sun, H.-B., Li, B., Chen, S., Li, J. and Hua, R. (2007) An Efficient Synthesis of Unsymmetrical Diarylmethanes from 
the Dehydration of Arenes with Benzyl Alcohols Using InCl3∙4H2O/Acetylacetone Catalyst System. Tetrahedron, 63, 
10185-10188. http://dx.doi.org/10.1016/j.tet.2007.07.093 

[33] Mineno, T. (2002) A Fast and Practical Approach to Tetrahydropyranylation and Depyranylation of Alcohols Using 
Indium Triflate. Tetrahedron Letters, 43, 7975-7978. http://dx.doi.org/10.1016/S0040-4039(02)01864-6 

[34] Mineno, T., Nikaido, H. and Kansui, H. (2009) One-Step Transformation of Tetrahydropyranyl Ethers Using In-
dium(III) Triflate as the Catalyst. Chemical & Pharmaceutical Bulletin, 57, 1167-1170. 
http://dx.doi.org/10.1248/cpb.57.1167 

[35] Mineno, T. and Kansui, H. (2006) High Yielding Methyl Esterification Catalyzed by Indium(III) Chloride. Chemical & 
Pharmaceutical Bulletin, 54, 918-919. http://dx.doi.org/10.1248/cpb.54.918 

[36] Mineno, T., Sakai, M., Ubukata, A., Nakahara, K., Yoshimitsu, H. and Kansui, H. (2013) The Effect of Indium(III) 
Triflate in Oxone-Mediated Oxidative Methyl Esterification of Aldehydes. Chemical & Pharmaceutical Bulletin, 61, 
870-872. http://dx.doi.org/10.1248/cpb.c13-00072 

[37] Rokade, B.V., Malekar, S.K. and Prabhu, K.R. (2012) A Novel Oxidative Transformation of Alcohols to Nitriles: An 
Efficient Utility of Azides as a Nitrogen Source. Chemical Communications, 48, 5506-5508. 
http://dx.doi.org/10.1039/c2cc31256e 

http://dx.doi.org/10.1021/ol052100l
http://dx.doi.org/10.1039/c0cc02412k
http://dx.doi.org/10.1002/1521-3773(20020816)41:16%3C2983::AID-ANIE2983%3E3.0.CO;2-X
http://dx.doi.org/10.1246/bcsj.80.400
http://dx.doi.org/10.1002/chem.201101478
http://dx.doi.org/10.1002/ejoc.201100754
http://dx.doi.org/10.1002/asia.201100493
http://dx.doi.org/10.1039/b910145d
http://dx.doi.org/10.1007/s10562-011-0660-9
http://dx.doi.org/10.1080/00397910701230147
http://dx.doi.org/10.1246/cl.2000.1196
http://dx.doi.org/10.1016/j.tet.2007.07.093
http://dx.doi.org/10.1016/S0040-4039(02)01864-6
http://dx.doi.org/10.1248/cpb.57.1167
http://dx.doi.org/10.1248/cpb.54.918
http://dx.doi.org/10.1248/cpb.c13-00072
http://dx.doi.org/10.1039/c2cc31256e

	Highly-Efficient Conversion of Primary Amides to Nitriles Using Indium(III) Triflate as the Catalyst
	Abstract
	Keywords
	1. Introduction
	2. Results and Discussion
	3. Conclusion
	4. Experimental
	4.1. Materials and Instruments
	4.2. General Experimental Procedure

	Acknowledgements
	References

