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Abstract: Aryl and arylvinyl nitriles have been prepared in good
yields from the corresponding bromides with potassium hexacyano-
ferrate(II) using palladium-catalyzed reactions in ionic liquid under
microwave irradiation.
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wave, ionic liquid

Aryl nitriles are of considerable interest as integral part of
dyes, herbicides, natural products and pharmaceuticals.1

In organic synthesis, nitriles are important intermediates
for further transformations into other functional groups. In
medicinal chemistry, nitriles are very useful as they can be
transformed into a variety of biologically important
structures such as tetrazoles, triazoles, oxazoles, thiaz-
oles, oxazolidinones. An elegant method for the prepara-
tion of benzonitriles is the transition-metal-catalyzed
cyanation of aryl halides.2,3 Among them, the palladium-
catalyzed coupling reaction has attracted widespread in-
terest,4–7 and has been the topic of several investigations.

Palladium-based cyanations have garnered most of the at-
tention due to their functional group tolerance, air stability
and high catalytic activity. However, most of the work has
concentrated on the inconvenient traditional cyanide
sources. Alkali cyanides are highly poisonous, zinc cya-
nide leads to stoichiometric waste of heavy metal salts and
trimethylsilyl cyanide is sensitive to moisture and can
easily liberate hydrogen cyanide, which is also true for
acetone cyanohydrin. Although potassium hexacyano-
ferrate(II) (K4[Fe(CN)6]) has been rediscovered as a non-
toxic cyanide source by Beller,8 separating products from
the reaction system and recycling the palladium catalyst
system are other challenges.

Ionic liquids have been developed as new clean reaction
medium over recent years9 because of their special
property and the Rosenmund–von Braun reaction has
been attempted to carry out in ionic liquid.10 Moreover,
microwave-assisted synthesis has been accepted for re-
ducing reaction time.11 To further improve and expand
more easy and safe tools for cyanation reactions, non-
toxic palladium-catalyzed cyanation in ionic liquid under
microwave irradiation can still attract current interest.

Herein, we wish to report our study on the cyanation of
aryl and arylvinyl bromides with K4[Fe(CN)6] in ionic
liquid ([BMIm]BF4)

12 under microwave irradiation
(Scheme 1).

Scheme 1

As a starting point for the development of our cyanation
system, the reaction of 4-bromobiphenyl with
K4[Fe(CN)6]·3H2O was investigated. Variation of
reaction parameters on this model reaction is shown in
Table 1. The reaction was first attempted using 0.5 mmol
of 4-bromobiphenyl, 0.2 equivalent of K4[Fe(CN)6]·3H2O,
1.0 equivalent of Na2CO3 and 2.5 mol% of PdCl2 as the
catalyst in [BMIm]BF4 under microwave promotion. It
provided a 39% yield of 4-cyanobiphenyl within 16
minutes (Table 1, entry 1). Other Pd catalysts, such as
Pd(OAc)2, Pd/C (5%), Pd2(dba)3 have also been employed
in this reaction and none of them gave a higher yield than
PdCl2. Using anhydrous K4[Fe(CN)6]

13 as cyanide source
led to some improvement of yield (Table 1, entry 5). To
our surprise, addition of 10 mol% of DMEDA (N,N¢-di-

K4[Fe(CN)6]+
Na2CO3, [BMIm]BF4, MW

PdCl2, DMEDA

R = aryl, arylvinyl

R–Br R–CN

Table 1 Cyanation of 4-Bromobiphenyl under Microwave14 
Promotiona

Entry Pd catalyst 
(2.5%)

Ligand 
(10%)

Cyanide source Yield (%)b

1 PdCl2 — K4[Fe(CN)6]·3H2O 39

2 Pd(OAc)2 — K4[Fe(CN)6]·3H2O <5

3 Pd2(dba)3 — K4[Fe(CN)6]·3H2O No reaction

4 Pd/C (5%) — K4[Fe(CN)6]·3H2O 16

5 PdCl2 — K4[Fe(CN)6] 53

6 PdCl2 DMEDA K4[Fe(CN)6] 84

7 PdCl2 Proline K4[Fe(CN)6] 43

8 PdCl2 PPh3 K4[Fe(CN)6] <10

a General conditions: 4-bromobiphenyl (0.5 mmol), cyanide source 
(0.1 mmol), [BMIm]BF4 (3.0 ml), Na2CO3 (0.5 mmol), 16 min.
b Isolated yields.
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Table 2 Cyanation of Various Aryl and Quinoline Bromides under Microwave Promotiona

Entry Ar–Br Product Time (min) Yield (%)b

1 2a 16 84

2 2b 39 44

3c 2cd 24 73

4 2d 33.5 76

5 2e 33 80

6c 2fd 34 78

7c 2gd 30.5 64

8 2h 14 79

9 2i 16 70

10 2j 22 67

11 2k 20 84

12c 2ld 14 55

13 2m 18 56

14 2n 14 50

15 2o 30
No 
reaction

a General conditions: anhyd K4[Fe(CN)6] (0.05 mmol), Na2CO3 (0.25 mmol), aryl bromide (0.25 mmol), PdCl2 (0.00625 mmol, 2.5 mol%), 
DMEDA (0.025 mmol), [BMIm]BF4 (1.5 mL).
b Isolated yields. All products were identified by NMR and MS.
c 2.0 Equiv of anhyd K4[Fe(CN)6] were used.
d Dicyano product.
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methylethylenediamine) as a ligand to the reaction in-
creased the yield of desired product greatly (84%,
Table 1, entry 6). The use of other ligands, such as PPh3

and proline, did not bring about good results (Table 1, en-
tries 7 and 8). On the basis of the above optimization ef-
forts, the combination of 0.5 mmol of 4-bromobiphenyl,
0.2 equivalents of K4[Fe(CN)6], 2.5 mol% of PdCl2, 1.0
equivalent of Na2CO3 and 10 mol% of DMEDA in
[BMIm]BF4 under microwave irradiation gave the best
result.

Having optimized the conditions, we explored the scope
of this method. Various aryl bromides are converted to the
corresponding nitriles using these conditions. The results
are presented in Table 2. A number of biphenyl and fused
ring aryl bromides worked well in this procedure (Table 2,
entries 1–8). For 1,4-dibromobenzene, 4,4¢-dibromo-
biphenyl, 1,4-dibromonaphthalene and 9,10-dibromo-
anthracene, both halogen substituents were replaced by
cyanides (Table 2, entries 3, 6, 7 and 12).

The cyanation of N-heteroaryl bromides was also success-
ful. Quinoline bromides gave the corresponding nitriles in
good yields (Table 2, entries 9–11). Thus, the aryl bro-
mides with extensive conjugated system gave satisfactory
results in our reaction system. Simple ring aryl bromides
with electron-withdrawing substituents were cyanated in
moderate yields (Table 2, entries 12–14). Disappointing-
ly, an attempt to convert electron-donating substrate such
as 1-bromo-4-methylbenzene to the corresponding nitrile
was unsuccessful (Table 2, entry 15).

Since a,b-unsaturated nitriles also have featured as inter-
mediates in several natural product syntheses15 and are
particularly valuable as precursors to substituted nitriles
by conjugate additions,16 we turned our attention to
expanding cyanation of arylvinyl bromides with
K4[Fe(CN)6] under the same catalyst system. The investi-
gation was successful and the results are summarized in
Table 3. Various arylvinyl bromides bearing electron-
donating substituent underwent a smooth reaction in this
process and gave excellent results in terms of stereo-

Table 3 Cyanation of Various Arylvinyl Bromides under Microwave Promotiona

Entry Ar–Br Product Time (min) Yield (%)b (E/Z)c

1 4a 38 41 (E)

2 4b 33.5 55 (E)

3 4c 40 36 (Z)

4 4d 12 76 (E)

5 4e 20 31 (E)

6 4f 32 47 (E)

7 4g 24 74 (E/Z = 8:1)

8 4h 22 71 (E/Z = 1:2)

9 4i 16 65 (E/Z = 17:1)

10 4j 18 63 (E/Z = 1:4)

a Reagents: anhyd K4[Fe(CN)6] (0.05 mmol), Na2CO3 (0.25 mmol), arylvinyl bromide (0.25 mmol), PdCl2 (0.00625 mmol, 2.5 mol%), DMEDA 
(0.025 mmol), [BMIm]BF4 (1.5 mL).
b Isolated yields. All products were identified by NMR and MS.
c Determined by 1H NMR.

Ar
Br

K4[Fe(CN)6]+
[BMIm]BF4

Ar
CNPdCl2

3 4

BrO

O

Br

MeO

MeO

Br

Br

Br

Cl

Br

OMe

Br

Br

Br

Cl

Cl

Br

D
ow

nl
oa

de
d 

by
: F

lo
rid

a 
S

ta
te

 U
ni

ve
rs

ity
 L

ib
ra

rie
s.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.



LETTER Procedure for the Synthesis of Aryl and Arylvinyl Nitriles 2097

Synlett 2006, No. 13, 2094–2098 © Thieme Stuttgart · New York

selectivity (Table 3, entries 1–4). For example, compound
3d, as an extensive conjugated system, showed optimal
stereoselectivity and good yield of product (Table 3, entry
4). Moreover, the reaction had perfect stereoselectivity in
cases of substituents in ortho-position (Table 3, entries 5
and 6). Compared to this situation, b-bromostyrene and
b-bromo-4-chlorostyrene have also been allowed to react
with K4[Fe(CN)6] and afforded good yields of the corre-
sponding nitriles, as a pair of E and Z isomers (Table 3,
entries 7–10).

Catalyst recycling studies were also performed (Table 4).
After extraction with ethyl acetate–petroleum ether = 8:1
to separate the product from the system, the resulting
[BMIm]BF4 was pumped under reduced pressure for
several minutes and reused for the next reaction directly.
The resulting [BMIm]BF4 containing Pd catalyst could be
reused successfully five times without reduction of its
catalytic activity.

Finally, the reactions under conventional heating condi-
tions were carried out (Table 5). As can be seen, the
cyanation of 4-bromobiphenyl led to a 49% yield in DMA
and gave poor yield of product in [BMIm]BF4 for 24
hours (Table 5, entries 1 and 2). Moreover, the reaction in
DMA under microwave irradiation could not afford any
improvement in product yield (Table 5, entry 3). In con-
trast, the cyanation of 4-bromobiphenyl was dramatically
speeded-up under microwave irradiation in [BMIm]BF4

(16 min) and high yield was obtained (84%, Table 5, entry
4). It provided clear evidence that microwave irradiation
could reduce reaction time significantly and promote the
cyanation reaction in ionic liquid effectively.

In summary, we have demonstrated the successful devel-
opment of an environmentally benign procedure17 for the
synthesis of aryl and arylvinyl nitriles18 using anhydrous
K4[Fe(CN)6] in ionic liquid under microwave irradiation.
The cyanide source is non-toxic and inexpensive. The
solvent is ‘green’, harmless and readily available. The
microwave heating reduces reaction times greatly and the
catalyst system can be easily separated from the product
and reused several times.
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