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A simple, mild and general procedure for the hydration of 

nitriles to amides using copper as catalyst and promoted by 

N,N-diethylhydroxylamine is described. The reaction can be 

conducted in water at low temperature in short reaction times. 

This new procedure allows amides to be obtained from a wide 

range of substrates in excellent yields. 

The availability of efficient processes to obtain amides is of 

great interest due to their many applications in organic 

chemistry. Amides can be found in a large variety of drugs, 

fabrics, fertilizers, plastics and lubricants. Additionally, amides 

are key intermediates in organic synthesis. Among all the 

methods reported for the synthesis of amides,
1,2

 hydration of 

nitriles has become one of the most widely used methods to 

obtain primary amides in both, academia and industry.
3
 

Conventional procedures involve the use of strong acids and 

bases which can cause the formation of by-products in 

sensitive substrates along with the formation of carboxylic 

acids.
4
 In the last decade an important advance/progress of 

this transformation has been achieved. In that sense, the use 

of metal catalysts such as Ru,
5
 Au,

6
 Rh,

7
 Mn

8
 have been crucial 

for the development of milder and more efficient 

transformations.
9
 Recent work has reported the use of metal 

nanoparticles for the hydration of nitriles.
10

 Despite all the 

efforts, most of the methods reported to date require high 

temperatures, long reaction times, large excess of reagents or 

the use of expensive catalysts. We therefore decided to 

explore a new methodology to obtain amides from nitriles 

which would require milder conditions than those previously 

reported.  

Mechanistic studies carried out in the transformation of 

aldoximes to amides have shown that the first step involves 

the in situ formation of a nitrile by dehydration of the 

aldoxime. In a second step this nitrile is transformed into an 

amide by reaction with another molecule of aldoxime.
1b,2,11,12

 

Based on these results and our earlier work using 

hydroxylamine hydrochloride to catalyse transamidation,
2
 as 

well as the conversion of nitriles into secondary amides using 

hydroxylamine,
13

 we decided to explore this reactivity for the 

synthesis of primary amides. 

Table 1 Optimization of the Hydration of Nitriles 
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Entry Additive Catalyst T (
o
C) Time (h) Conv (%)

a 

1 
NH2OH 

(16 equiv.) 
-- r.t. 24 

100 

2:3 1:1 

2 
NH2OH 

(16 equiv.) 

[Ir Cp*I2]2 

(1 mol%) 
r.t. 24 

100 

2:3 1:1 

3 
NH2OH 

(16 equiv.) 

Cu(OAc)2 

(2 mol%) 
r.t. 24 

100 

2:3 1:1 

4 
NH2OH 

(16 equiv.) 

Zn(OAc)2 

(5 mol%) 
r.t. 24 

100 

2:3 1:1 

5 
NEt2OH 

(10 equiv.) 
-- 25 24 82 

6 
NEt2OH 

(10 equiv.) 
-- 35 24 100 

7 
NEt2OH 

(3 equiv.) 
-- 35 24 100 

8 
NEt2OH 

(3 equiv.) 

[Ir Cp*I2]2 

(2 mol%) 
35 3 100 

9 
NEt2OH 

(3 equiv.) 

Cu(OAc)2 

(2 mol%) 
35 3 100 

a Conversions were determined by analysis of the 1H-NMR of the reaction mixture 

In a first approach, p-methoxybenzonitrile (1) was treated with 

16 equivalents of hydroxylamine. The reaction proceeded at 

room temperature and no starting material was observed after 

24 h. Analysis of the reaction crude by 
1
H-NMR showed the 
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formation of two products in the same ratio which were 

assigned to the desired amide (2) and the amidoxime (3) (table 

1, entry 1).
14

 In order to reduce the amount of amidoxime 

different catalysts were tested but none of them seemed to 

play any role in the formation of the by-product (table 1, 

entries 2 - 4, see ESI). 

Several reaction conditions were tested to transform the 

amidoxime (3) into the desired amide (2). Treatment of the 

reaction mixture with HCl and NaOH provided different ratios 

of products (see ESI). The addition of NaOH after 24 h to the 

reaction mixture led to the formation of 2 as the sole product. 

Although the hydrolysis of the amidoxime could be 

accomplished, the use of NaOH increased the harshness and 

the number of steps of the reaction making this approach 

impractical for synthetic purposes. In order to overcome this 

problem, the use of other additives was further investigated. 

The synthesis and the mechanistic study of the formation of 

amidoximes suggests that it would be possible to regulate the 

formation of amidoxime by using N,N-disubstituted 

hydroxylamine.
14

 Indeed the treatment of 1 with 10 

equivalents of NEt2OH at room temperature provided the 

desired amide 2 in 82% conversion (table 1, entry 5). 

Increasing the temperature to 35 
o
C afforded the amide in 

100% conversion (table 1, entry 6). Further optimisation of the 

reaction conditions allowed us to reduce the amount of 

NEt2OH to three equivalents. The introduction of a Lewis acid 

such as [IrCp*I2]2 permitted the decrease in reaction times to 3 

h (see ESI). Interestingly, the replacement of [IrCp*I2]2 with 

Cu(OAc)2 did not show any drop in the reaction conversions. 

The use of Cu(OAc)2 makes this reaction more sustainable and 

economical. To the best of our knowledge these are the 

mildest reactions conditions reported until now for the 

hydrolysis of nitriles.
15,16,17

  

With the optimal conditions in hand the scope of the reaction 

was subjected to study. We were pleased to find that a broad 

range of nitriles could be hydrolysed under these reaction 

conditions (table 2). 

Electron-withdrawing and electron-donating groups in the 

ortho, meta and para positions are very well tolerated as well 

as the use of aliphatic nitriles. Vinylic nitriles and nitriles 

containing heteroaromatic groups such as 2-furonitriles and 2-

thiophenecarbonitriles as well as the use of 

ethylphenylcyanoacetate gave the corresponding amides in 

excellent isolated yields. The general applicability of our 

hydrolysis conditions was proved in a variety of substrates 

affording the corresponding amides in excellent yields, 

showing the potential of this reaction.  

The most accepted mechanism for the hydration of nitriles 

involves the coordination of the nitrile to the metal centre. 

Through this coordination, the CN group increases its 

electrophilicity being more susceptible to nucleophilic attack 

by water.
18

 The subsequent rearrangement of the 

corresponding iminolate species leads to the formation of the 

desired amide (scheme 2). 

 

 

 

Table 2. Scope of the hydration of nitrilesa 
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a Isolated yields 

 

 

 

 

Page 2 of 4ChemComm

C
he
m
C
om
m
A
cc
ep
te
d
M
an
us
cr
ip
t

P
u
b
li

sh
ed

 o
n
 2

0
 N

o
v
em

b
er

 2
0
1
5
. 
D

o
w

n
lo

ad
ed

 b
y
 U

n
iv

er
si

ty
 o

f 
L

ee
d
s 

o
n
 0

4
/1

2
/2

0
1
5
 0

8
:4

1
:5

8
. 

View Article Online

DOI: 10.1039/C5CC08714G

http://dx.doi.org/10.1039/c5cc08714g


Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

 

Scheme 2 Plausible mechanisms for the hydration of nitriles 

When NEt2OH is employed, the oxygen could act as 

nucleophile and in subsequent steps the reaction could follow 

a radical pathway
15,16

 or a rearrangement facilitated by the 

metal (scheme 2).
2
 

Intrigued by the nature of this transformation NMR 

experiments were carried out to attempt to detect 

intermediates which could give some information about the 

mechanism. Unfortunately, only the rapid appearance of the 

final amide was observed (see ESI). In order to study if water 

was indeed acting as nucleophile, the reaction was performed 

in the presence of H2O
18

 (scheme 3).  

 

 

 

Scheme 3 Hydration of benzonitrile using H2O
18 

The analysis of the reaction crude by mass spectrometry did 

not show the incorporation of 
18

O into the final amide (see 

ESI). This evidence indicates that in the hydration pathway 

water is not acting as nucleophile. These results will support 

the nucleophilic attack of the NEt2OH followed by a radical
11,12

 

or rearrangement pathway facilitated by the Lewis acid.
2,14

 

Further studies to uncover the more plausible pathway are still 

undergoing. 

Conclusions 

In summary, we report a new methodology for the hydration 

of nitriles. The use of copper as Lewis acid allows the synthesis 

of amides in water as a solvent at low temperatures and short 

reaction times. The amides were obtained in excellent yields 

for a broad range of nitriles making this methodology very 

efficient and general, solving the main problems associated to 

the methods reported until now. 

Acknowledgements 

We are grateful to the EPSRC for funding through the UK 

Catalysis Hub. 

 

Notes and references 

 
1� (a) N. A. Owston, A. J. Parker and J. M. J. Williams, Org. Lett., 

2007, 9, 3599; (b) C. L. Allen, C. Burel and J. M. J. Williams, 
Tetrahedron Lett., 2010, 51, 2724; (c) S. K. Sharma, S. D. 
Bishopp, C. L. Allen, R. Lawrence, M. J. Bamford, A. A. Lapkin, 
P. Plucinski, R. J. Watson and J. M. J. Williams, Tetrahedron 

Lett., 2011, 52, 4252; (d) N. A. Owston, A. J. Parker and J. M. 
J. Williams, Org. Lett., 2007, 9, 73; (e) O. Saidi, M. J. Bamford, 
A. J. Blacker, J. Lynch, S. P. Marsden, P. Plucinski, R. J. 
Watson and J. M. J. Williams, Tetrahedron Lett., 2010, 51, 
5804; (f) H. Fujiwara, Y. Ogasawara, K. Yamaguchi and N. 
Mizuno, Angew. Chem. Int. Ed., 2007, 46, 5202; (g) H. 
Fujiwara, Y. Ogasawara, M. Kotani, K. Yamaguchi and N. 
Mizuno, Chem. Asian J., 2008, 3, 1715; (h) R. S. Ramón, J. 
Bosson, S. Díez-González, N. Marion and S. P. Nolan, J. Org. 

Chem., 2010, 75, 1197. 
2� C. L. Allen, R. Lawrence, L. Emmett and J. M. J. Williams, Adv. 

Synth. Catal., 2011, 353, 3262 
3� (a) C. E. Mabermann, in Encyclopedia of Chemical 

Technology, ed. J. I. Kroschwitz, Wiley, New York, 1991, vol. 
1, pp. 251–266; (b) D. Lipp, in Encyclopedia of Chemical 

Technology, ed. J. I. Kroschwitz, Wiley, New York, 1991, vol. 
1, pp. 266–287; (c) R. Opsahl, in Encyclopedia of Chemical 

Technology, ed. J. I. Kroschwitz, Wiley, New York, 1991, vol. 
2, pp. 346–356.; (d) C. Singh, V. Kumar, U. Sharma, N. Kumar 
and B. Singh, Curr. Org. Synth., 2013, 10, 241; (e) T. Tu, Z. 
Wang, Z. Liu, X. Feng and Q. Wang, Green Chem., 2012, 14, 
921; (f) R. García-Álvarez, P. Crochet and V. Cadierno, Green 

Chem., 2013, 15, 46. 
4� (a) J. N. Moorthy and N. Singhal, J. Org. Chem., 2005, 70, 

1926; (b) A. R. Katritzky, B. Pilarski and L. Urogdi, Synthesis, 
1989, 949. 

5� (a) K. Yamaguchi, M. Matsushita and N. Mizuno, Angew. 

Chem. Int. Ed., 2004, 43, 1576; (b) A. Matsuoka, T. Isogawa, 
Y. Morioka, B. R. Knappett, A. E. H. Wheatley, S. Saito and H. 
Naka, RSC Adv., 2015, 5, 12152; (c) R. García-Álvarez, M. 
Zablocka, P. Crochet, C. Duhayon, J.-P. Majoral and V 
Cadierno, Green Chem., 2013, 15, 2447; (d) E. Tomás-
Mendivil, F. J. Suárez, J. Díez and V. Cadierno, Chem. 

Commun., 2014, 50, 9661; (e) R. García-Álvarez, S. E. García-
Garrido, J. Díez, P. Crochet and V. Cadierno, Eur. J. Inorg. 

Chem., 2012, 4218 
6� R. S. Ramón, N. Marion and S. P. Nolan, Chem. Eur. J., 2009, 

15, 8695.  
7� A. Goto, K. Endo and S. Saito, Angew. Chem. Int. Ed., 2008, 

47, 3607. 
8� (a) C. Battilocchio, J. M. Hawkins and S. V. Ley, Org. Lett. 

2014, 16, 1060; (b) H. J. Young and L. R. Haefele, Ing. Eng. 

Chem. Prod. Res. Develop., 1972, 11, 365 
9� (a) V. Y. Kukushkin and A. J. L. Pombeiro, Inorg. Chim. Acta, 

2005, 358, 1; (b) T. J. Ahmed, S. M. M. Knapp and D. R. Tyler, 
Coord. Chem. Rev., 2011, 255, 949; (c) C. L. Allen and J. M. J. 
Williams, Chem. Soc. Rev., 2011, 40, 3405 

10� (a) E. L. Downs and D. R. Tyler, Coord. Chem. Rev., 2014, 280, 
28; (b) K. Kawai, H. Kawakami, T. Narushima and T. 
Yonezawa, J. Nanopart. Res., 2015, 17, 60 

11� E. S. Kim, H. S. Kim and J. N. Kim, Tetrahedron Lett., 2009, 50, 
2973. 

12� A. Kiss and Z. Hell, Tetrahedron Lett., 2011, 52, 6021. 
13� (a) S. Davulcu, C. L. Allen, K. Milne and J. M. J. Williams, 

Chem CatChem, 2013, 5, 435; (b) S. K. Sharma, J. Lynch, A. M. 
Sobolewska, P. Plucinski, R. J. Watson and J. M. J. Williams, 
Catal. Sci. Technol., 2013, 3, 85. 

14� R. M. Srivastava, M. C. Pereira, W. W. M. Faustino, K. 
Coutinho, J. V. dos Anjos and S. J. de Melo, Monastsh Chem., 
2009, 140, 1319. 

Page 3 of 4 ChemComm

C
he
m
C
om
m
A
cc
ep
te
d
M
an
us
cr
ip
t

P
u
b
li

sh
ed

 o
n
 2

0
 N

o
v
em

b
er

 2
0
1
5
. 
D

o
w

n
lo

ad
ed

 b
y
 U

n
iv

er
si

ty
 o

f 
L

ee
d
s 

o
n
 0

4
/1

2
/2

0
1
5
 0

8
:4

1
:5

8
. 

View Article Online

DOI: 10.1039/C5CC08714G

http://dx.doi.org/10.1039/c5cc08714g


ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

15� T. Miyazawa, T. Endo and M. Okawara, Synthesis, 1984, 1034 
16� X.-Y. Ma and M. Lu, J. Chem. Research, 2011, 480 
17� Z. Li, L. Wang and X. Zhoua, Adv. Synth. Catal., 2012, 354, 

584. 
18� For reviews on the metal-catalysed hydration of nitriles, see: 

(a) A. W. Parkins, Platinum Met. Rev. 1996, 40, 169; (b) V. Y. 
Kukushkin and A. J. L. Pombeiro, Chem. Rev., 2002, 102, 
1771; (c) N. A. Bokach and V. Y. Kukushkin, Russ. Chem. Bull. 
2005, 74, 153; (d) P. Daw, A. Sinha, S. M. W. Rahaman, S. 
Dinda and J. K. Bera, Organometallics, 2012, 31, 3790; (e) W. 
K. Fung, X. Huang, M. L. Man, S. M. Ng, M. Y. Hung, Z. Lin and 
C. P. Lau, J. Am. Chem. Soc. 2003, 125, 11539; (f) T. Oshiki, H. 
Yamashita, K. Sawada, M. Utsunomiya, K. Takahashi and K. 
Takai, Organometallics, 2005, 24, 6287; (g) C. W. Leung, W. 
Zheng, D. Wang, S. M. Ng, C. H. Yeung, Z. Zhou, Z. Lin and C. 
P. Lau, Organometallics, 2007, 26, 1924; (h) T. S. Mejkal and 
B. Breit, Organometallics, 2007, 26, 2461; (i) V. Cadierno, J. 
Francos and J. Gimeno, Chem. Eur. J., 2008, 14, 6601; (j) R. 
García-Álvarez, J. Díez, P. Crochet and V. Cadierno, 
Organometallics, 2010, 29, 3955; (k) V. Cadierno, J. Díez, J. 
Francos and J. Gimeno, Chem. Eur. J. 2010, 16, 9808; (l) T. 
Oshiki, I. Hyodo and A. Ishizuka, J. Synth. Org. Chem. Jpn., 
2010, 68, 41; (m) R. García-Álvarez, J. Díez, P. Crochet and V. 
Cadierno, Organometallics, 2011, 30, 5442; (n) M. Muranaka, 
I. Hyodo, W. Okumura and T. Oshiki, Catal. Today, 2011, 164, 
552; (o) W.-C. Lee and B. J. Frost, Green Chem., 2012, 14, 62; 
(p) S. M. M. Knapp, T. J. Sherbow, J. J. Juliette and D. R. Tyler, 
Organometallics, 2012, 31, 2941. 

 

 

 

Page 4 of 4ChemComm

C
he
m
C
om
m
A
cc
ep
te
d
M
an
us
cr
ip
t

P
u
b
li

sh
ed

 o
n
 2

0
 N

o
v
em

b
er

 2
0
1
5
. 
D

o
w

n
lo

ad
ed

 b
y
 U

n
iv

er
si

ty
 o

f 
L

ee
d
s 

o
n
 0

4
/1

2
/2

0
1
5
 0

8
:4

1
:5

8
. 

View Article Online

DOI: 10.1039/C5CC08714G

http://dx.doi.org/10.1039/c5cc08714g

