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Scheme 1. Cyanation of aryl halides using water as a solvent in conjunction with
microwave heating, and K4[Fe(CN)6] as a cyanide source.
Aryl nitriles represent an important class of compounds since
the motif is found in a range of pharmaceuticals, dyes, agrochemi-
cals, and natural products.1,2 They are also valuable intermediates
in organic synthesis and can be easily transformed to a range of
heterocycles. A number of synthetic methods for the preparation
of aryl nitriles have been developed including the direct cyanation
of aryl halides by copper(I) cyanide, known as Rosenmund–von
Braun reaction.3 The classical Rosenmund–von Braun procedure
can require harsh conditions,4 making it incompatible with
sensitive substrates. While modifications to this procedure have
been made5 palladium-, copper-, or nickel-catalyzed aryl cyanation
approaches show more promise.6 A downside with these protocols
was that toxic inorganic or organic cyanide sources such as alkali-
metal cyanides trimethylsilyl cyanide7 or acetone cyanohydrin8

are often required. However, this has been overcome by the dis-
covery that cheap, non-toxic potassium hexacyanoferrate(II),
K4[Fe(CN)6] can be used as a cyanide source.9 Based around this dis-
covery, a number of methodologies have been developed10 includ-
ing some procedures using ligand-free palladium sources.11,12

Research in our laboratory has been focused around the applica-
tion of microwave heating as a tool for preparative chemistry, par-
ticularly in conjunction with the use of water as a solvent.13

Microwave heating has found use as a tool for performing the reac-
tion.14 Sparked by a number of recent reports of cyanation of aryl
halides facilitated using microwave heating,15,16 in addition to
our previous interest in this transformation,17,18 we turned our
attention to developing a methodology based around the use of
water as a solvent in conjunction with microwave heating and
K4[Fe(CN)6] as a cyanide source (Scheme 1). We report our results
here.

To initiate the work, we decided to screen 4-bromoacetophe-
none as a test substrate on the 1 mmol scale and start by using
ll rights reserved.
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reaction conditions similar to those we had developed previously
for Suzuki and Heck couplings: water as a solvent, sodium carbon-
ate as base, and tetrabutylammonium bromide (TBAB) as a phase
transfer agent, heating at 150–170 �C. We used 5 mol % palladium
acetate as catalyst and a 1:1 molar equiv of 4-bromoacetophenone
to K4[Fe(CN)6]. Performing the reaction for 20 min at 150 �C led to
a 15% yield of the desired nitrile product. A study of the literature
suggested that sodium carbonate, while efficient as a base for the
reaction in organic solvents, may not be optimal for use in water.
We screened a number of mineral bases and found that sodium
fluoride gave by far the best results. Keeping all other conditions
the same, using NaF (1 equiv) as base gave an 80% yield of 4-acetyl-
benzonitrile. We next turned our attention to reducing the quan-
tity of K4[Fe(CN)6]. One molar equivalent corresponds to a sixfold
excess. We therefore tried reducing the quantity used to a stoichio-
metric equivalent. This was possible but product yield dropped.
Increasing the ratio of K4[Fe(CN)6] to aryl halide very slightly to
0.2:1 allowed us to retain an 80% product yield. We then tried
reducing the reaction time but found that this was not possible
without sacrificing product yield. The same was true when we
tried to reduce the catalyst loading. We tried eliminating the TBAB
from the reaction or replacing it with ethanol as a co-solvent but
both of these modifications resulted in no conversion to product.
We screened a range of palladium complexes as potential catalysts
for the reaction including Pd2(dba)3 and Pd/C but found that
palladium acetate gave the best results. Thus, our optimal reaction
conditions were: aryl halide (1 mmol), K4[Fe(CN)6] (0.22 mmol),
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Table 1
Cyanation of aryl halides using K4[Fe(CN)6] as a cyanide sourcea

hal

R NaF, TBAB, H2O
+ K4Fe(CN)6

CN

R

MW, Pd(OAc)2

Entry Aryl halide Product yield (%)

1
OMe

I

86

2
COMe

I

81

3
NH2

I

94

4

I

86b

5
NH2

I

88

6
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I

78

7
I

0

8

OH

I

(80)c 40

9
N I

0

10

N

I
0

11

COMe

Br

80

12

OMe

Br

40

13

I

Br

90d

14

COMe

Cl

0

a Sealed tube, using 1.0 mmol aryl halide, 0.22 mmol K4[Fe(CN)6, 1.0 mmol NaF,
1.0 mmol TBAB, 5 mol % Pd(OAc)2, 2.0 mL water. Initial microwave irradiation of
150 W, temperature ramped from rt to 150 �C where it was then held until a total
time of 20 min had elapsed.

b Reaction run for 40 min.
c Conversion to product.
d 4-Bromobenzonitrile.
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NaF (1 mmol), TBAB (1 mmol), Pd(OAc)2 (5 mol %), water (2 mL),
heat to 150 �C, and hold until a total time of 20 min had elapsed.

We next screened a range of aryl halides in the reaction, the
results are shown in Table 1.19 A number of aryl iodides can be
converted to the corresponding nitriles in good yields (Table 1,
entries 1–9). Interestingly however, those substrates bearing an al-
kyl group could not be effectively cyanated (Table 1, entry 7). In the
case of 2-iodophenol, although a high conversion to the desired
nitrile was observed, product purification was difficult and so the
isolated yield was only modest (Table 1, entry 8). Attempts to
use iodopyridines as substrates were not successful, significant
decomposition being observed (Table 1, entries 9 and 10). The
scope of aryl bromides is limited to those bearing electron-with-
drawing groups (Table 1, entries 11 and 12). Using 1-bromo-
4-iodobenzene, we observe a chemoselective cyanation to yield
4-bromobenzonitrile (Table 1, entry 13). Aryl chlorides are unreac-
tive under the conditions used (Table 1, entry 14).

In summary, we have developed a methodology for the cyana-
tion of aryl iodides and activated aryl bromides using water as
the solvent and K4[Fe(CN)6] as the cyanide source. Reactions are
complete within 20 min microwave heating at 150 �C.
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