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The amidation of norbornene with various nitriles was performed in the presence of water under the
action of FeCl3�6H2O to give N-(exo-2-norbornyl)acylamides in 76–95% yield.

� 2015 Elsevier Ltd. All rights reserved.
The reaction of nitriles with olefins using the Ritter reaction is
widely used to synthesize N-substituted amides.1–5 For example
the amidation of olefins with acetonitrile has been reported to be
catalyzed by mineral acids such as H2SO4, PhSO3H, HF, and oleum
as well as heteropoly acids.2–5 Specifically, the reaction of nor-
bornene 1 with acetonitrile in the presence of a large excess of
H2SO4 has previously been reported for the formation of
N-(exo-2-norbornyl)acetamide 2 in 70% yield.5

In this Letter we report the amidation of norbornene 1 with
organic nitriles in the presence of water and iron-containing
catalysts.

Initially the reaction was examined using norbornene 1, ace-
tonitrile, and water, stirring at 130 �C for 6 h in the presence of var-
ious iron compounds as the catalyst. The reaction led to a mixture
of three products, namely, N-(exo-2-norbornyl)acetamide 2,
exo-bicyclo[2.2.1]heptan-2-ol 3, and tricyclo[2.2.1.02,6]heptane 4
(Scheme 1) and their yields and the ratios obtained were shown
to be dependent upon the catalyst used (Table 1). The compounds
were all identified using NMR (1H, 13C) spectroscopy and mass-
spectrometry.

The reaction of norbornene with acetonitrile and water in the
presence of FeCl3�6H2O as the catalyst gave a 10:1 mixture of
N-(exo-2-norbornyl)acetamide 2 and the minor reaction product
exo-bicyclo[2.2.1]heptan-2-ol 3 in 84% total yield (Table 1, entry
1). Compound 2 could be separated from the mixture of products
in 76% isolated yield.6

Increasing the temperature to 140 �C did not result in an
increase in yield but promoted the norbornene isomerization side
reaction affording tricyclo[2.2.1.02,6]heptane 4 (Table 1, entry 2).

When FeCl3�6H2O was replaced by anhydrous FeCl3, the total
yield of products 2–4 decreased to 41% (Table 1, entry 3). Other
iron catalysts, namely, Fe(acac)3, Fe(C5H5)2, Fe(OAc)2�4H2O, and
Fe2(CO)9 were found to catalyze the reaction only upon addition
of an equimolar amount of HBr to give a mixture of products 2
and 3 (Table 1, entries 4–7).

Increasing the amount of HBr to 9 mol % (Table 1, entry 8)
resulted in a small increase in the conversion of norbornene 1,
but gave a 1:1 mixture of 2 and tricyclo[2.2.1.02,6]heptane 4 as a
result of the isomerization of 1.

Next the scope of the reaction was examined using other
nitriles such as propionitrile, acrylonitrile, benzonitrile, and
o-tolunitrile which all actively participated in the amidation
reaction (Table 2, entries 1–4).6

Reactions involving these nitriles required higher temperature
(140–145 �C) in comparison with acetonitrile (130 �C), giving the
desired amides 5–8 in isolated yields of 80–95% with by-products
3 and 4 only being formed in trace amounts (Scheme 2).

Other transition and rare earth metal complexes were also
tested as catalysts for the amidation of 1 with organic nitriles
under the optimized reaction conditions. Notably, NiCl2, Ni(acac)2,
RuCl3�nH2O, PrCl3, EuCl3�6H2O, MnCl2, Mn(acac)3, CuCl2�2H2O,
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Scheme 1. Amidation of norbornene with acetonitrile catalyzed by iron compounds.

Table 1
The effect of the nature of the catalyst on the yield and ratio of the reaction products
in the amidation reaction of norbornene 1 with acetonitrile and water

Entry Catalyst Total yield of 2–4 (%) Ratio of 2:3:4a

1 FeCl3�6H2O 84 10:1:0
2 FeCl3�6H2O 81b 2:1:1
3 FeCl3 41 3:0:1
4 Fe(acac)3–HBr (1:1) 20 6:1:0
5 Fe(C5H5)2–HBr (1:1) 16 9:1:0
6 Fe(OAc)2�4H2O–HBr (1:1) 50 5:1:0
7 Fe2(CO)9–HBr (1:1) 38 20:1:0
8 Fe2(CO)9–HBr (1:3) 57 1:0:1

Reaction conditions: catalyst (0.032 mmol), 1 (1.06 mmol), CH3CN (8.53 mmol),
H2O (1.06 mmol), 130 �C, 6 h.

a Ratio determined by GLC using undecane as an internal standard.
b Reaction temperature 140 �C.

Table 2
The effect of the structure of nitrile on the yield of the reaction product

Entry R Product Isolated yield (%)

1 Et 5 90
2 H2C@CHA 6 80
3 Ph 7 90
4 o-Tol 8 95

Reaction conditions: FeCl3�6H2O (0.032 mmol), 1 (1.06 mmol), RCN (5.3 mmol), H2O
(1.06 mmol), 140–145 �C, 6 h.

NHCOR

5-81

+ RCN + H2O
FeCl3•6H2O

140-145 °C, 6 h, 80-95%

Scheme 2. Reaction of norbornene with organic nitriles and water catalyzed by
FeCl3�6H2O.
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MoO2(acac)2, and Mo(CO)6 did not show marked activity toward
this reaction.

In conclusion, we have developed a new catalytic method for
the amidation of norbornene 1 using organic nitriles in the pres-
ence of water and FeCl3�6H2O.
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