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Abstract 
A simple and efficient CuI/PEG-400 catalytic protocol for the cyanation of aryl halides 
employing sodium nitroprusside, Na2[Fe(CN)5NO]·2H2O, as a new cyanation reagent was 
developed. The present cyanation reagent shows higher activity and gave the desired products in 
yields of up to 96%. In the present protocol, a variety of aryl bromides and iodides were 
cyanated smoothly with a wide range of substrate scope. 
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Introduction 
 
Aryl carbonitriles constitute an important class of compounds that exist widely in natural 
products, pharmaceuticals, and agrochemicals.1 For example, the synthesis of fluvoxamine, an 
antidepressant which functions as a selective serotonin reuptake inhibitor, utilizes 4-(trifluoro-
methyl)benzonitrile as a key intermediate.2 Furthermore, the nitrile group serves as an 
intermediate for a multitude of transformations into other important functional groups such as 
benzoic acids/esters, amidines, amides, imidoesters, benzamidines, amines, heterocycles such as 
thiazoles, oxazolidones, triazoles and tetrazoles, aldehydes, etc.3 Traditional routes towards aryl 
nitriles include the Rosenmund-von Braun reaction from aryl halides or diazotization of anilines4 
and a subsequent Sandmeyer reaction.5 A drawback to traditional methods is the use of 
stoichiometric amounts of copper(I) cyanide as a cyanating agent, which leads to considerable 
amounts of heavy metal waste. For these reasons, much attention has been given to the 
development of efficient and practical methods for the synthesis of aryl nitriles. Of these 
transformations, transition-metal-mediated cyanation of aryl halides represents one of the most 
convenient approaches. 
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The first Pd-catalyzed cyanation of haloarenes was introduced in 1973 by Takagi et al. 
using aryl bromides and iodides with potassium cyanide as cyanating agent.6 Later, various kinds 

of CN source were explored，such as palladium-, nickel- and copper-catalyzed methods, using 

KCN,7,8 NaCN,9,10 Me3SiCN,11-13 nBu3SnCN·Zn(CN)2
14-17 and CuSCN18 as cyanating agents. 

However, KCN, nBu3SnCN, and NaCN are extremely poisonous; Me3SiCN is sensitive to 
moisture and easily liberates hydrogen cyanide. These drawbacks seriously restrict their 
application.19 Recently, Beller and co-workers reported Pd-catalyzed cyanation of aryl halides by 
the use of K4Fe(CN)6, as a cyanide source,20 this is non-toxic and cheaper as compared to alkali-
metal cyanides such as KCN. Due to its significant advantages, K4[Fe(CN)6] has been paid 
increasing attention as a cyanating agent in cyanation of aryl halides.21-27 Among various 
catalysts for the transition metal-catalyzed cyanation of aryl halides, palladium compounds have 
been widely investigated, while less expensive copper catalysts received little attention. The first 
case of copper-catalyzed cyanation of aryl halides was reported by Beller and co-workers.19 
Subsequently, many methods of copper-catalyzed cyanation of aryl halides with K4Fe(CN)6 were 
developed.24-27 However, specific ligands and/or organic solvents were needed to obtain high 
yield. Very recently, Wang reported an efficient methodology for the cyanation of aryl iodides 
using copper salt as the catalyst, K4[Fe(CN)6] as the cyanide source, and water as the solvent 
under microwave heating at 140 ºC.28 Subsequently, Leadbeater reported a similar methodology 
of cyanation of aryl iodides with K4[Fe(CN)6] using water and tetraethylene glycol mixture as 
solvent.29 However, the copper-catalyzed cyanation of aryl- and heteroaryl bromides requires the 
use of a ten-fold amount of the rather expensive ligand N,N′-dimethylethylenediamine relative to 
the copper salt.28,30 This feature is thus less attractive for large-scale applications. Recently, 
Cheng reported a safe and practical procedure for the copper-mediated cyanation of indoles by 
the combination of amine and ammonium as a safe cyanide source. However, the substrate was 
limited to various indoles.31 As a consequence, the development of a cheaper and 
environmentally friendly catalyst system for cyanation of aryl halides is greatly desirable. 
Research in our laboratory has been focused around the application of PEG-400 as a solvent for 
preparative chemistry, particularly transition-metal catalyzed coupling reactions.32-34 To the best 
of our knowledge, Na2[Fe(CN)5NO].2H2O as the cyanide source in cyanation reactions has not 
so far been reported. Here, we describe for the first time its use as a cyanating agent for the 
general synthesis of benzonitriles with the objective of developing a clean, cheap, and efficient 
methodology. 
 
 
Results and Discussion 
 
In our initial study, cyanation of iodobenzene was chosen as a model reaction, and selected 
results from our screening experiments are summarized in Table 1. In the absence of base, only 
8% yield was obtained using copper iodide (0.1equiv) as the catalyst, Na2[Fe(CN)5NO]·2H2O 
(0.3 equiv) as the cyanide source in PEG-400 under N2 at 120  C for 20 h (Table 1, entry 1). The 
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reaction afforded benzonitrile (2a) in 96% yield in the presence of NaOH (2.0 equiv) as base 
under the above reaction conditions, while only a moderate yield was obtained using 
K4[Fe(CN)6] as cyanide source (64%, Table 1, entry 2). Then, various bases was screened, we 
found that weak base is ineffective under in the present of catalyst system, for example, only 
13% and 21% yields were obtained in the case of K3PO4 and K2CO3 as base, respectively (Table 
1, entries 3, and 4). Reactions with other copper catalysts such as copper(II) oxide and copper(II) 
chloride proceeded with reduced yields (Table 1, entries 5, and 6). However, the reaction with 
copper(I) oxide gave the product in a moderate yield (Table 1, entry 7). 
 
Table 1. Optimization of the reaction conditions 
 

I CN

[Cu], base, PEG-400

1a 2a

Na2[Fe(CN)5NO]·2H2O

 
 

Entry a [Cu] base Yield b (%) 
1 CuI / 8 

2 CuI NaOH 64c, 96 
3 CuI K3PO4 13 
4 CuI K2CO3 21 
5 CuO NaOH 30 
6 CuCl2 NaOH 24 
7 Cu2O NaOH 56 
8 d CuI NaOH 93 
9 e CuI NaOH 97 

a Reaction conditions: iodobenzene (1.0 mmol), Na2[Fe(CN)5NO]·2H2O (0.3 mmol), Cu source 
(0.1 mmol), NaOH (2.0 equiv), solvent PEG-400 (2 mL), at 120  C for 20 h under N2. 

b Isolated 
yield. c using K4[Fe(CN)6] as a cyanation reagent. d Reaction temperature 100  C.e Reaction 
temperature at 140  C. 
 

Subsequently, the reaction temperature was screened and it was found that the reaction at 
100 ºC can give the desired product in 93% yield (Table 1, entry 8), while a yield of 97% was 
obtained at 140  C (Table 1, entry 9). Therefore, by a systematic variation of the reaction 
parameters, the optimal catalytic system was determined, involving the use of CuI (10 mol%), 
Na2[Fe(CN)5NO]·2H2O (0.3 equiv), and NaOH (2 equiv.) in PEG-400 at 120  C for 20 h. 

With these encouraging results in hand we were interested in the scope and limitation of our 
new protocol. The cyanation of various aryl halides was first examined. As summarized in Table 
2, both electron-rich and electron-deficient aryl iodides were converted into the corresponding 
aryl cyanides smoothly in good to excellent yields (Table 1, entries 1-11). Cyanation of the 
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sterically hindered o-MeOC6H4I required a higher reaction temperature for satisfactory 
conversion and afforded the desired product in 75% yield (Table 3, entry 6). Interestingly, the 
cyanation reaction was able to tolerate a wide range of functional groups, for example, aryl 
iodides such as p-FC6H4I, p-ClC6H4I, and p-BrC6H4I were converted into the desired nitriles at 
100 oC in excellent yields (>89%; Table 2, entries 7-9). Even a substrate containing an amino 
group was well tolerated and did not suffer N-arylation (Table 2, entry 10). 
 
Table 2. Cyanation of various aryl halides 
 

CuI, Na2[Fe(CN)5NO]·3H2O

NaOH, 120-140 oC, PEG-400

X

R

CN

R

2a-k1a-q

x = I; Br

 
 

a Reaction conditions: phenyl halide (1.0 mmol), Na2[Fe(CN)5NO]·2H2O (0.3 mmol), CuI (0.1 
mmol), NaOH (2.0 equiv), solvent PEG-400 (2 mL), at 120  C for 20h under N2. 
b Isolated yield. 
c Reaction temperature 140  C.  
d L-proline (0.2 mmol) was added. 
e The reaction was performed on a 50 mmol scale. 

Entry a Comp. ArX Time/h  Product Yield b (%) 

1 1a PhI  20 2a 96 

2 1b p-MeC6H4I  20 2b 81 

3 1c m-MeC6H4I  20 2c 78 

4 1d p-MeOC6H4I  20 2d 84 

5 1e m-MeOC6H4I  20 2e 78 

6c 1f o-MeOC6H4I  36 2f 75 

7 1g p-FC6H4I  20 2g 89 

8 1h p-ClC6H4I  20 2h 91 

9 1i p-BrC6H4I  20 2i 90 

10 1j p-H2NC6H4I 36 2j 48 

11 1k PhBr  48 2a 27, 87d 

12 1l p-MeC6H4Br  48 2b 82d 

13 1m p-MeOC6H4Br  48 2d 78d 

14 1n m-MeOC6H4Br  48 2e 75d 

15 1o p-ClC6H4Br  48 2h 79d 

16 1p p-FC6H4Br  48 2g 71d 

17 1q p-CH3COC6H4Br  48 2k 85d 

18 1a PhI  20 2a 78% e 
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Then we tested the activity of aryl bromides under our reaction conditions (Table 1, entries 
11-17). However, a low yield was found under the iodide-optimized reaction conditions (27%; 
Table 2, entry 11). Recently, Ma and co-workers reported that L-proline was a versatile 
privileged ligand and can accelerate copper-assisted Ullmann-type reactions.35 Stimulated by 
these results; we realized that the amino acids might be suitable ligands for the similar reactions. 
We were pleased to find that cyanation of bromobenzene also proceeded well in excellent yield 
by adding L-proline (0.2 equiv) as a ligand at 120  C for 48 h (89%, Table 2, entry 1). This 
method was successfully extended to aryl bromides deactivated by electron donating groups, 
such as methyl, methoxyl, (Table 2, entries 12-14) or electron-withdrawing groups such as 
chloro and fluoro (Table 2, entries 15, 16). Furthermore, 4-bromoacetophenone was also 
converted into the corresponding product in 85% yield (Table 2, entry 17). The protocol is also 
suitable for larger-scale reactions; for example, a 78% yield of benzonitrile was obtained when 
the cyanation of iodobenzene was conducted on a 50 mmol scale (Table 2, entry 18). It is 
important to stress that aryl chlorides did not work under our protocol, which proved the 
inactivity of the C-Cl bond in this catalysis. 
 
 
Conclusions 
 
In summary, we have developed a simple and efficient CuI/PEG-400 catalytic protocol for the 
cyanation of aryl halides employing Na2[Fe(CN)5NO]·2H2O as a new cyanation reagent. 
Compared with traditional K4[Fe(CN)6], the nitroprusside reagent shows greater activity. Under 
the present protocol a variety of aryl iodides and bromides were cyanated smoothly with a wide 
range of substituent scope in good to excellent yields. 
 
 
Experimental Section 
 
General. All reagents were obtained from commercial sources and used without further 
purification. The reactions were carried out under a nitrogen atmosphere. All products were 
isolated by column chromatography on silica gel (200-300 mesh) using petroleum ether (b.p. 60-
90 ºC) / ethyl acetate mixture as eluate. Compounds described in the literature were 
characterized. The 1H and .13C NMR spectra were recorded on a Bruker AC-400 (400 MHz) 
spectrometer with TMS as an internal standard. Melting points were determined on an XT-4 
electrothermal micro-melting-point apparatus. Mass spectra were determined on a Finnigan 8230 
mass spectrometer. 
 
Procedure for the cyanation of aryl iodides. A 25 mL flask was charged with aryl iodide (1.0 
mmol), Na2[Fe(CN)5NO]·2H2O (89 mg; 0.3 mmol), NaOH (80 mg; 2.0 mmol), CuI (19 mg; 0.1 
mmol), and PEG-400 (2 mL). The flask was evacuated and filled with nitrogen (three times) and 
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heated to 120-140 ºC for 20-48 h, and then cooled to room temperature. The mixture was 
extracted with ethyl ether (3 × 10 mL). The combined ethyl ether extracts were washed with 
brine, dried over Na2SO4, filtered and evaporated under reduced pressure, the residue was 
purified by flash column chromatography (ethyl acetate / petroleum ether mixture as eluate) to 
afford the desired products 2 (Table 2, entries 1-10). 
Procedure for the cyanation of aryl bromides. A 25 mL flask was charged with aryl bromides 
(1.0 mmol), Na2[Fe(CN)5NO]·2H2O (89 mg; 0.3 mmol), NaOH (80 mg; 2.0 mmol), CuI (19 mg; 
0.1 mmol), L-proline (23 mg, 0.2 mmol), and PEG-400 (2 mL). The flask was evacuated and 
filled with nitrogen (three times) and heated to 120-140 ºC for 20-48h, and then cooled to room 
temperature. The mixture was extracted with ethyl ether (3 × 10 mL). The combined ethyl ether 
extracts were washed with brine, dried over Na2SO4, filtered and evaporated under reduced 
pressure; the residue was purified by flash column chromatography (ethyl acetate / petroleum 
ether mixture as eluate) to afford the desired products 2 (Table 2 entries 11-17). 
Benzonitrile (2a),8 Table 2, entries 1 and 11. Colorless oil (99 mg, 96%). 1H NMR (400 MHz, 
CDCl3): δ 7.57-7.61 (m, 2H), 7.55-7.56 (m, 1H), 7.39-7.45 (m, 2H). 13C NMR (100 MHz, 
CDCl3): δ 158.0, 145.2, 123.7, 115.6. MS (EI, m/z): 103 [M+]. 
4-Methylbenzonitrile (2b).23 Table 2, entries 2 and 12. Colorless oil (95 mg, 81%). 1H NMR 
(400 MHz, CDCl3): δ 7.54 (d, J 6.8 Hz, 2H), 7.27 (d, J 6.4 Hz, 2H), 2.43 (s, 3H). 13C NMR (100 
MHz, CDCl3): δ 143.7, 132.0, 129.9, 119.1, 109.3, 21.8. MS (EI, m/z): 117 [M+]. 
3-Methylbenzonitrile (2c).8 Table 2, entry 3: Colorless oil (91 mg, 78%). 1H NMR (400 MHz, 
CDCl3): δ 7.46 (s, 2H), 7.416-7.32 (m, 2H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 139.2, 
134.0, 132.3, 129.3, 188.9, 111.2, 20.5. MS (EI, m/z): 117 [M+]. 
4-Methoxybenzonitrile (2d).8 Table 2, entries 4 and 13. Colorless oil (112 mg, 84%). 1H NMR 
(400 MHz, CDCl3): δ 7.56 (d, J 8.0 Hz, 2H), 6.94 (d, J 8.4 Hz, 2H), 3.83 (s, 3H). 13C NMR 
(CDCl3, 100 MHz) δ 162.8, 134.0, 119.3, 114.8, 103.9, 55.5. MS (EI, m/z): 133 [M+]. 
3-Methoxybenzonitrile (2e).8 Table 2, entries 5 and 14. Colorless oil (104 mg, 78%). 1H NMR 
(400 MHz, CDCl3): δ 7.41-7.32 (m, 1H), 7.26-7.21 (m, 1H), 7.16-7.11 (m, 2H), 3.86 (s, 3H). 13C 
NMR (100 MHz, CDCl3): δ 139.7, 134.6, 132.6, 129.9, 188.9, 111.8, 55.7. MS (EI, m/z): 133 
[M+]. 
2-Methoxybenzonitrile (2f),8 Table 2, entry 6. Colorless oil (100 mg, 75%). 1H NMR (400 
MHz, CDCl3):δ 7.55 (d, J 7.2 Hz, 2H), 7.03-6.98 (m, 2H), 3.93 (s, 3H). 13C NMR (100 MHz, 
CDCl3): δ 161.2, 134.8, 133.7, 120.8, 116.5, 111.4, 101.7, 56.4. MS (EI, m/z): 133 [M+]. 
4-Fluorobenzonitrile (2g),8 Table 2, entries 7 and 16. White solid (108 mg, 89%). Mp 34-
36 ºC; 1H NMR (400 MHz, CDCl3): δ 7.42 (dd, J 8.8 Hz, 5.2 Hz, 2H), 7.05 (t, J 8.8 Hz, 2H). 13C 
NMR (CDCl3, 100 MHz) δ 163.8, 161.9, 136.6, 128.8, 128.7, 116.0, 115.8. MS (EI, m/z): 121 
[M+]. 
4-Chlorobenzonitrile (2h),8 Table 2, entries 8 and 15. White solid (126 mg, 91%). M. P. 90-93 
ºC. 1H NMR (400 MHz, CDCl3): δ 7.53 (d, J 8.4 Hz, 2H), 7.39 (d, J 8.4 Hz, 2H). 13C NMR 
(CDCl3, 100 MHz) δ 139.5, 133.4, 129.7, 118.0, 110.8. MS (EI, m/z): 137 [M+]. 
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4-Bromobenzonitrile (2i),23 Table 2, entry 9. White solid (164 mg, 90%). M. P. 109-102 ºC; 1H 
NMR (400 MHz, CDCl3): δ 7.64 (d, J 8.4 Hz, 2H), 7.53 (d, J 8.4Hz, 2H). 13C NMR (CDCl3, 100 
MHz) δ 133.3, 132.7, 127.9, 118.0, 111.3. MS (EI, m/z): 181 [M+]. 
4-Aminobenzonitrile (2j),28 Table 2, entry 10. White solid (57 mg, 48%). M. P. 82-84 ºC. 1H 
NMR (400 MHz, CDCl3): δ 7.42 (d, J 8.4 Hz, 2H), 6.65 (d, J 8.4 Hz, 2H), 4.167 (br, 2H). 13C 
NMR (CDCl3, 100 MHz): δ 150.5, 133.8, 120.1, 114.4, 100.0. MS (EI, m/z): 118 [M+]. 
4-Acetylbenzonitrile (2k),8 Table 2, entry 17. White solid (123 mg, 85%). M. P. 76-79 ºC. 1H 
NMR (400 MHz, CDCl3): δ 8.04 (d, J 8.4 HZ, 2H) 7.77 (d, J 8.4, 2H), 2.65 (s, 3H). 13C NMR 
(CDCl3, 100 MHz): δ 196.5, 134.0, 132.6, 128.7, 118.0, 116.5, 26.8. MS (EI, m/z): 145 [M+]. 
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