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An efficient InCl3-catalyzed hydration protocol of nitriles to amides was developed. The reaction was car-
ried out in toluene at refluxing temperature with the aid of acetaldoxime as an effective water surrogate
to produce amides in high yields.
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Table 1
Screening of conditions for the hydration of benzonitrile (1a) to benzamide (2a)

Entry Conditions 2a (%)

1 InCl3 (10 mol %), CH3CH@NOH (3.0 equiv), toluene, reflux, 3 h 7
2 InCl3 (5 mol %), CH3CH@NOH (3.0 equiv), toluene, rt, 4 days 87
3 InCl3 (5 mol %), CH3CH@NOH (3.0 equiv), toluene, reflux, 3 h 98
4 InCl3 (5 mol %), CH3CH@NOH (2.0 equiv), toluene, reflux, 12 h 96
5 InCl3 (5 mol %), no CH3CH@NOH, toluene, reflux, 20 h 0
6 No InCl3, CH3CH@NOH (3.0 equiv), toluene, reflux, 2 days 52
7 InBr3 (5 mol %), CH3CH@NOH (3.0 equiv), toluene, reflux, 3 h 98
8 FeCl3 (10 mol %), CH3CH@NOH (3.0 equiv), toluene, reflux,

2 days
25

9 BF3 etherate (10 mol %), CH3CH@NOH (3.0 equiv), toluene, 33
Hydration of nitriles to the corresponding amides is an impor-
tant transformation from both academic and industrial points of
view.1 Classically the reaction was carried out in the presence of
a strong acid or base catalyst, but these methods suffer from two
major drawbacks, drastic conditions and over-hydrolysis to
carboxylic acid, in most cases.2 Transition-metal complex-assisted
activation of nitrile can enhance the rate of hydration and avoid the
use of a drastic condition. Various metal catalysts including Ru,3a–d

Rh,3e,h Ag,3f Ni,3g, and Pd4 have been reported as effective in organic
and/or aqueous medium.3,4 Recently, a Pd-catalyzed hydration of
nitrile to amide was developed by us using acetaldoxime.4

During our recent studies of Pd-catalyzed conversion of nitrile
to amide,4 we used acetaldoxime as a water surrogate. The weakly
activated nitrile by a palladium catalyst can be attacked easily by
acetaldoxime to produce amide and acetonitrile as a by-product.
We reasoned out that replacement of a palladium catalyst with
an easily accessible Lewis acid can increase the applicability of
the hydration method. The Lewis acid catalyst has to activate the
nitrile efficiently and at the same time does not deactivate the
nucleophilicity of acetaldoxime in order to deliver efficiently the
water molecule from acetaldoxime to nitrile.5 Screening of cata-
lysts was carried out in the reaction of benzonitrile in toluene in
the presence of acetaldoxime, as shown in Table 1. The use of InCl3

(entries 1–4) or InBr3 (entry 7) was found to be effective and pro-
duced benzamide in excellent yields. The reaction at room temper-
ature required a long reaction time (entry 2). As in entry 5,
ll rights reserved.
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benzamide was not formed without acetaldoxime even after
20 h. The reaction was very slow without InCl3; however, we could
obtain benzamide in 52% after 2 days (entry 6). The use of other
catalysts such as FeCl3, BF3, and ZrCl4 (entries 8–10) were ineffec-
tive. Moreover, the addition of these catalysts was even found to be
harmful (compare, entry 6 and entries 8–10). Thus we chose the
conditions in entry 3 as the best one.

As shown in Table 2, various nitriles including aromatic nitriles
having electron-donating or electron-withdrawing substituents
(entries 1–6), alkenenitriles (entries 7 and 8), aliphatic nitriles (en-
tries 9 and 10), and heterocyclic nitriles (entries 11 and 12) were
converted into the corresponding amides in good to excellent
yields.6 It is interesting to note that phthalimide was formed as
reflux, 15 h
10 ZrCl4 (10 mol %), CH3CH@NOH (3.0 equiv), toluene, reflux,

2 days
19
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Table 2
Hydration of various nitriles 1a–l to the amides 2a–la

Entry Product (%)

1

CONH2

2a (3 h, 98)

2

CONH2

2b (3 h, 98)

Me

3

CONH2

2c (4 h, 96)

MeO

4

CONH2

2d (5 h, 99)

F

5

CONH2

2e (5 h, 95)

Cl

Cl

6

CONH2

2f (6 h, 13)b

COOEt

7

CONH2

2g (24 h, 73)c

8

2h (24 h, 86)

Ph
CONH2

Ph

9

2i (4 h, 85)

CONH2

10

2j (5 h, 92)

CONH2

11
N

CONH2

2k (5 h, 98)

12

CONH2

2l (5 h, 99)

S

a Conditions: nitrile (1.0 mmol), CH3CH@NOH (3.0 mmol), InCl3 (5 mol %), reflux,
time in parenthesis.
b Phthalimide (2f0) was isolated in 71%.
c Run at room temperature.
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the major product via a InCl3-catalyzed cyclization of 2f (entry 6).
The reaction of acrylonitrile failed completely under the refluxing
conditions and produced polymeric materials to the contrary to
our previous Letter using a palladium catalyst.4a,7 However, we ob-
tained acrylamide in 73% at room temperature (entry 7). The reac-
tion of a-phenylcinnamonitrile (1h) produced 2h under refluxing
conditions (entry 8) without the formation of polymeric materials.
The plausible reaction mechanism could be proposed as shown
in Scheme 1. Hydroxyl group of acetaldoxime moved to the carbon
atom of benzonitrile which was activated with InCl3 to produce
benzamide and acetonitrile, as in our previous Pd-catalyzed hydra-
tion papers.4a,b In the meantime we found an interesting paper of
Sandhu and co-workers, which described the dehydration of aldox-
ime to nitrile catalyzed by InCl3 in acetonitrile.8a We think the use
of acetonitrile as a solvent must be crucial although they did not
mention this important point.8a The result is exactly matched with
our rationale and catalyst-screening results in Table 1, coinci-
dently. In addition, trichloroacetonitrile has been known as an effi-
cient dehydrating agent for aldoxime to nitrile,8b and this method
also implied the similar concept to ours (Scheme 1).

Conversion of amide to nitrile is also an important chemical
transformation, and various dehydration methods are used for this
purpose involving the use of SOCl2, P2O5, POCl3, and COCl2, as some
examples.9 Conversion of amide to nitrile via the corresponding
six-membered transition state with a metal oxide such as stannyl
oxide10a or rhenium(VII) oxo complex10b has also been reported.
Thus, we examined the reaction of benzamide in acetonitrile in
the presence of InCl3. As in Scheme 2, if the tautomer of benzamide
can react with the activated acetonitrile, then we could obtain ben-
zonitrile and a by-product, acetamide. However, the reaction failed
completely presumably due to low nucleophilicity of benzamide
tautomer.

As a next examination, we imagined the feasibility of one-pot
conversion of aldoxime to amide. Although the conversion can be
carried out indirectly via a sequential dehydration to nitrile and
a subsequent hydration to amide, the development of a direct
one-pot method is highly meaningful.11 Thus, we examined the
reaction of 4-methoxybenzaldoxime (3c), as a typical example, in
the presence of InCl3 (5 mol %) and a catalytic amounts of



Table 3
One-pot conversion of aldoximes to amides

Entry Aldoximea Conditions Amide (%)

1
MeO

CH=NOH

c3

InCl3

(5 mol %), 1c
(5 mol %)
toluene,
reflux, 18 h

MeO

CONH2

c2  (91)

2
CH=NOH

e3

Cl

Cl

InCl3

(5 mol %), 1e
(5 mol %)
ODCB, reflux,
15 h

CONH2

e2  (94)

Cl

Cl

3
CH=NOH

m3

Cl InCl3

(5 mol %),
1m (5 mol %)
ODCB, reflux,
16 h

CONH2

m2  (91)

Cl

4

CH=NOH

n3

O2N InCl3

(5 mol %), 1n
(5 mol %)
ODCB, reflux,
16 h

CONH2

n2  (93)b

O2N

a The configuration of oxime is E (>95%).4c

b Yield of 2n was 65% when toluene was used (24 h).
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4-methoxybenzonitrile (1c, 5 mol %). Once the reaction started via
the similar mechanism involving a six-membered transition state
(Scheme 3), then 4-methoxybenzonitrile can be regenerated and
the catalytic cycle will go to completion. A similar concept was also
applied in the Rh-catalyzed conversion of amide to nitrile studied
by Chang and co-workers.11c Desired 4-methoxybenzamide (2c)
was isolated in 91% yield (entry 1 in Table 3).12 However, the reac-
tion of 2,6-dichlorobenzaldoxime (3e) in the presence of 2,6-
dichlorobenzonitrile (1e, 5 mol %) did not afford 2,6-dichlorobenz-
amide (2e) in toluene. Fortunately, 2e was obtained in 94% yield
when we heated the reaction mixture in o-dichlorobenzene
(ODCB) for 15 h. The results of one-pot conversion of aldoximes
into amides are summarized in Table 3.

In summary, we disclosed an efficient method for the hydration
of nitrile to amide catalyzed by InCl3 with the aid of acetaldoxime.
In addition, a one-pot conversion method of aldoxime to amide
was developed by using a similar concept.
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