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An efficient palladium-catalyzed protocol for the hydration of nitrile to amide with acetaldoxime has
been developed. A plausible mechanism was suggested involving the first Pd(II)-catalyzed nitrile–oxime
coupling and the following disruption of the intermediate into amide and acetonitrile in a concerted
manner.
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The hydration of nitriles to the corresponding amides is very
important in view of its broad industrial and pharmacological
applications.1–3 Hydrolysis of amides to carboxylic acids is a seri-
ous problem in many cases under the conventional hydration con-
ditions.2 Some useful methods for the selective hydration of
nitriles to amides have been developed including the use of TFA/
H2SO4

2a and the use of H2O2/K2CO3/DMSO at low temperature.2b

Recently, transition metal-catalyzed selective hydration of nitriles
has also been reported involving the use of Rh,3a,b Pt,3c,d Ru,3e–h,m

Ir,3i Mo,3j and Co.3k,l

To the best of our knowledge, an efficient Pd-catalyzed hydra-
tion of nitriles to amides has not been reported.4 Maffioli et al.
reported the Pd-catalyzed reversible transfer of water between
amide and nitrile.5a Very recently, we observed that dehydration
of aldoximes to nitriles can be catalyzed by palladium, and that
the liberated water can be transferred to CH3CN to form acetam-
ide.6 The Pd-catalyzed dehydration of aldoxime was effective
either in toluene or in acetonitrile, thus we proposed two types
of plausible mechanisms: one involved the first oxidative addition
of N–O bond to Pd(0) followed by b-syn elimination process and
the other is a Pd(II)-catalyzed concerted mechanism involving
the transfer of water from aldoxime to acetonitrile.6 Based on
our previous results, we expected that we could develop an effi-
cient Pd-catalyzed hydration method of nitriles to amides. As
shown in Scheme 1, we chose acetaldoxime as an efficient water
surrogate which could deliver the water molecule to nitrile.
ll rights reserved.
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In order to examine the feasibility of our rationale and find opti-
mum conditions, we carried out the reaction of benzonitrile (1a)
under various conditions and the results are summarized in
Table 1. The reaction of 1a in the presence of Pd(OAc)2/PPh3 and
acetaldoxime (2 equiv) in dry toluene6 produced benzamide (2a)
in 87% at 80 �C for 3 h as given in entry 1. The reaction in aqueous
EtOH (reflux, 3 h) gave similar yield (89%, entry 2).7 The reaction at
40 �C required longer reaction time (15 h) and gave diminished
yield (entry 3). The use of excess amounts of acetaldoxime
(5.0 equiv) did not improve the yield of benzaldoxime (entry 4).
With 0.5 equiv of acetaldoxime the reaction was not complete
even after long time (12 h). The reaction without acetaldoxime
did not produce benzamide at all even in the presence of
Pd(OAc)2/PPh3 (entry 5). However, the reaction of 1a and acet-
aldoxime produced benzamide although the yield was low (43%)
even in the absence of Pd(OAc)2 (entry 6), presumably by the for-
mation of nitrile–oxime adduct (O-imidoyl oxime) via the nucleo-
philic attack of acetaldoxime to free benzonitrile (vide infra).1d

When we reduced the amounts of Pd(OAc)2 to 5 mol % (entry 7),
5 h was required and the yield was slightly reduced (73%). The
yield was also reduced slightly without PPh3 (entry 8). In addition,
we examined the reaction of 1a in the presence of acetamide in-
stead of in the presence of acetaldoxime (entries 9 and 10).5a The
Pd(OAc)2 / PPh3

aq EtOH (or toluene)
reflux, 3 h

2
CH3CH=NOH+

1a 2a
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Table 1
Optimization of reaction conditions for the hydration of 1a to 2a

Entry Conditionsa 2a (%)

1 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CH@NOH (2.0 equiv),
toluene, 80 �C, 3 h

87

2 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CH@NOH (2.0 equiv),
H2O/EtOH, reflux, 3 h

89

3 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CH@NOH (2.0 equiv),
H2O/EtOH, 40 �C, 15 h

68

4 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CH@NOH (5.0 equiv),
H2O/EtOH, reflux, 3 h

86

5 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), no CH3CH@NOH, H2O/EtOH,
reflux, 48 h

0b

6 No Pd catalyst, PPh3 (20 mol %), CH3CH@NOH (2.0 equiv),
H2O/EtOH,reflux, 48 h

43b

7 Pd(OAc)2 (5 mol %), PPh3 (10 mol %), CH3CH@NOH (2.0 equiv),
H2O/EtOH, reflux, 5 h

73

8 Pd(OAc)2 (10 mol %), no PPh3, CH3CH@NOH (2.0 equiv),
H2O/EtOH, reflux, 3 h

82

9 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CONH2 (4.0 equiv),
H2O/EtOH, reflux, 36 h

53b

10 Pd(OAc)2 (10 mol %), PPh3 (20 mol %), CH3CONH2 (4.0 equiv),
H2O/EtOH, reflux, 36 h

10b

a The ratio of H2O/EtOH is 1:4 (entries 2–10), but the ratio is not critical. The
reaction in water or in EtOH showed almost same reactivity.

b Small amounts of benzoic acid were observed.

Table 2
Pd-catalyzed hydration of nitriles to amidesa

Entry Nitrile Amide (%)

1

CN

1a

CONH2

2a (89)

2
CN

1b

F
CONH2

2b (87)

F

3
CN

1c

Cl

Cl

CONH2

2c (90)

Cl

Cl

4

CN

1dMeO

CONH2

2d (94)MeO

5

1eMe

CN

2e (93)

CONH2

Me

6

1f

CN

Ph
2f (76)b

CONH2

Ph

7
g1

CN

g2 (91)

CONH2

8

1h

CN

2h (86)

CONH2

9

i1

CN

i2 (88)

CONH2

10

1j

O
CN

2j (77)c

CONH2

O

a Conditions: Nitrile (2.0 mmol), CH3CH@NOH (4.0 mmol), Pd(OAc)2, (10 mol %),
PPh3 (20 mol %), H2O/EtOH (1:4), reflux, 3 h.

b Reaction time was 12 h and not completed (1f was recovered in 21%).
c Intractable side products were formed.
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reaction of 1a in the presence of acetamide (4.0 equiv) in aqueous
EtOH at room temperature gave low yield of product (53%) and re-
quired long time (36 h) in our hand contrary to that described in
the reported paper.5a The reaction at refluxing temperature
showed the formation of many intractable side products and we
could not isolate benzamide in appreciable yield (entry 10).

Based on the experimental results, we can show definitively
that acetaldoxime could be used as an efficient water surrogate
in the Pd-catalyzed hydration of benzonitrile. Thus, we examined
the generality of the reaction with various nitriles under the opti-
mized conditions (entry 2 given in Table 1), and the results are
summarized in Table 2.8 The reactions of EWG-substituted aro-
matic nitriles (entries 2 and 3) as well as of EDG-substituted ni-
triles (entries 4 and 5) showed good results. The reaction of a-
phenylcinnamonitrile (1f) was not complete after 12 h even in
the presence of 4.0 equiv of acetaldoxime, and 1f was recovered
in 21% (entry 6). The reactions of acrylonitrile (entry 7) and ali-
phatic nitriles (entries 8 and 9) also produced the corresponding
amides in good yields. The reaction of benzoylacetonitrile (1j)
showed the formation of some intractable side products and the
yield was moderate (77%). The reaction of 1j in toluene (conditions
given in entry 1, Table 1) did not improve the yield.

The reaction mechanism could be postulated tentatively as in
Scheme 2 involving the first Pd(II)-catalyzed nitrile–oxime cou-
pling1c,d,9 to form the intermediate (I) and the following disruption
of (I) into benzamide and acetonitrile in a concerted manner.1d

Coordination of a nitrile to an electron-withdrawing transition me-
tal ion results in an enhanced electrophilicity of the nitrile carbon,
thus making it susceptible to nucleophilic attack.1c,d,3e–g,k,4b The
metal-mediated nitrile–oxime coupling reactions can be catalyzed
by oxovanadium(IV), platinum(IV), rhenium(IV), rhodium(III), and
Ni(II).1c Although Pd(II)-mediated nitrile–oxime coupling has not
been reported, similar additions of various nucleophiles to Pd(II)-
activated organonitriles have been documented.9,4b The mecha-
nism has to be studied more,10 but we found an efficient protocol
for the Pd-catalyzed hydration of nitriles to amides mediated by
acetaldoxime.

The use of acetonitrile as a solvent is not appropriate. Actually,
the reaction of 1a and acetaldoxime (2.0 equiv) in acetonitrile pro-
duced acetamide (71%) as the major product together with low
yield of 2a (13%) and most of 1a was recovered (79%). Thus toluene,
water, ethanol, and aqueous ethanol can be used as the reaction
media although we used aqueous ethanol throughout the whole
entries.7 The use of ketoxime such as cyclohexanone oxime instead
of acetaldoxime was ineffective. Acetaldoxime is the reagent of
choice based on the following merits: (i) the most effective water
surrogate, (ii) commercial availability in low price, and (iii) easy
separation of product from the side products, acetonitrile, and
acetamide.

In summary, an efficient palladium-catalyzed protocol for the
hydration of nitrile to amide with acetaldoxime has been disclosed.
A tentative but plausible mechanism was suggested involving the
first Pd(II)-catalyzed nitrile–oxime coupling and the following dis-
ruption of the intermediate into benzamide and acetonitrile in a
concerted manner.
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