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A friendly protocol is reported to achieve cyanation of aromatic 

and vinylic boronic acids using nontoxic and readily available α-

cyanoacetates as cyano source under aerobic conditions. Many 

aryl/vinyl boronic acids (as well as some iodides and bromides) 

are amenable substrates to give aryl nitriles and acrylonitriles. 10 

This cyanation method provides a safe and operationally 

convenient alternative to traditional ones requiring toxic cyanide 

salts. 

Aryl nitriles and acrylonitriles are important structural motifs 

occuring in pharmaceuticals and biologically active 15 

compounds. They also serve as versatile feedstock for organic 

synthesis and material science.1,2 For instance, aryl nitriles are 

synthetic intermediates toward a range of compounds, 

including benzamides, ketones, amines and heterocycles. 

Acrylonitriles are particularly useful for the production of 20 

various polymeric commodities such as fibre, rubber, resin 

and etc. Therefore, nitriles synthesis has attracted tremendous 

interests from both academic and industrial community. A 

well-known industrial route to nitriles is oxidative amination 

of methyl arenes or propenes with ammonia/O2 under high 25 

temperature and pressure (known as ammoxidation reaction, 

Scheme 1a). In laboratory, the synthesis of nitriles are 

dominated by cyanation of aryldiazonium salts or aryl halides 

using stoichiometric CuCN.3,4 More recently, transition metal 

(especially Pd and Cu) catalyzed cyanation reactions have 30 

achieved significant progress which rely mainly on the cross-

coupling of aryl halides or boronic acids with various cyanide 

salts (Scheme 1b).5-7 Transition metal-mediated cyanation of 

vinyl halides or boronic acids has been much less studied.8 

The high toxicity of cyanide salts and the extremely volatile 35 

and flammable HCN gas easily generated during the use of 

cyanide salts however brings about great danger in storage 

and operation, and thus greatly limits the wide application of 

these reactions. 

The quest for methods employing more friendly cyano 40 

sources has therefore been the focus of recent cyanation 

studies. Several CN-containing organic compounds have been 

studied as cyanating reagents to transfer a cyano group to 

aromatic ring, such as cyanohydrin,9 CH3CN,10 and 

benzylnitriles11 (Scheme 1c). Moreover, cyanation methods 45 

involving de novo generation of CN group during the reaction 

course have also been reported, from either an organic 

molecule (such as DMF12 and nitromethane13) or an 

organic/inorganic combination (typically DMF with NH3 or an 

ammonium salt14,15). 50 

Despite the progress achieved, there are few examples 

describing ready access to both aryl and vinyl nitriles by a 

general and friendly synthetic method using nontoxic and 

easy-handling CN sources.16 Considering that arylboronic 

acids are predominant and readily available aryl source and 55 

toxic cyanide salts generally used in most of arylboronic acids 

cyanation methods,7 it will be highly desirable to achieve 

cyanation of aryl/vinyl boronic acids using nontoxic CN 

source. As part of our continuous effort,17 we report herein a 

friendly protocol that achieves this goal by using α-60 

cyanoacetates18 to generate cyano group under aerobic 

oxidative conditions (Scheme 1d). 

Ar-X   +  m-CN
cat. M

Ar-CN

X = Halide, diazonium, B(OH)2
m-CN: NaCN, KCN, CuCN, Zn(CN)2, K4[Fe(CN)6] etc.

Ar-X + CN-precursors
 cat. M

Ar-CN

Previous work:

(d)   This work:

NC
O

R
O

(b)

(c)

cyanohydrin, CH3CN, benzylnitrile, DMF, MeNO2 etc.

(a)
+  NH3 + O2
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CN
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B(OH)2

+

CN

CN

DMF/NH3, DMF/ammonium
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conditions
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Scheme 1 Synthetic methods for the preparation of aryl/vinyl nitriles. 

We began our study by reaction of biphenyl boronic acid 65 

(1a) with ethyl α-cyanoacetate (2a), aiming to produce 

cyanation product 3a. Initial examination of a set of reaction 

conditions developed for cyanation of aryl iodides17a gave aryl 

nitrile 3a in trace amounts (Table 1, entries 1, 2). After great 

efforts, it was found that using a stoichiometric amount of CuI 70 

and 20 mol% PPh3 in the presence of tertbutylhydroperoxide 

(TBHP) in NMP (N-methylpyrrolidin-2-one) at 130 °C 

produced 3a in a moderate yield of 49% (entry 3). 

Gratifyingly, addition of 2 equivalents of acetic acid further 

improved the yield to 68% (entry 4). Interestingly, when PPh3 75 

was used in one equivalent instead of 20 mol%, a much lower 

yield of 40% was however obtained (entry 5). Attempts to 

reduce the amount of CuI led to much lower yields (entries 9, 

10), suggesting a failure of turnover of active copper species. 

When lowering down the reaction temperature to 100 °C, 3a 80 

was obtained in only 34% yield (entry 17), highlighting the 

importance of reaction temperature probably for the C-CN 

bond cleavage in cyanoacetate. 
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Table 1 Optimization of the reaction conditions for cyanation of arylboronic acids with α-cyanoacetate a 

Oxidant/Additive
Solvent

Copper/ Ligand

+

O

OEt
NC

B(OH)2

1a 2a 3a

CN

  
                                                       

Entry Copper Ligand Solvent Oxidant/Additive Yield (%)
b
 

1 Cu2O (0.1 mmol) PPh3 (0.1 mmol) NMP AgNO3 trace 

2 CuI (0.1 mmol) PPh3 (0.1 mmol) NMP AgNO3 10 

  3 
c
 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBHP 49 

4 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBHP/HOAC 68 

5 CuI (0.5 mmol) PPh3 (0.5 mmol) NMP TBHP/HOAc 40 

6 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBHP/K2CO3 18 

7 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBTP/KF 23 

8 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBHP/HOTf 55 

9 CuI (0.25 mmol) PPh3 (0.1 mmol) NMP TBHP/HOAc 36 

10 CuI (0.1 mmol) PPh3 (0.1 mmol) NMP TBHP/HOAc 34 

11 CuI (0.5 mmol) PCy3 (0.1 mmol) NMP TBHP/HOAC 58 

12 CuI (0.5 mmol) DPPE (0.1 mmol) NMP TBHP/HOAC 47 

13 CuI (0.5 mmol) 
Xantphos 

(0.1mmol) 
NMP TBHP/HOAC 40 

14 CuI (0.5 mmol) PPh3 (0.1 mmol) Toluene TBHP/HOAC NR 

15 CuI (0.5 mmol) PPh3 (0.1 mmol) DMF TBHP/HOAC 45 

16 CuI (0.5 mmol) PPh3 (0.1 mmol) DMA TBHP/HOAC 60 

  17 
d
 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP TBHP/HOAC 34 

18 CuI (0.5 mmol) PPh3 (0.1 mmol) NMP HOAc 22 

19 — PPh3 (0.1 mmol) NMP TBHP/HOAC 0 

20 CuI (0.5 mmol) — NMP TBHP/HOAC 27 
 

a Reaction conditions: biphenylboronic acid (1a, 0.5 mmol), ethyl cyanoacetate (2a, 1.0 mmol), copper, ligand, oxidant/additive (1:1, 1.0 mmol) in solvent 

(2 mL) stirred at 130 °C under oxygen balloon for 18 hours. b Isolated yields of 3a after column chromatography. c TBHP, tertbutylhydroperoxide, was 

used as a 65% aqueous solution. d Reaction performed at 100 °C. 5 

 

Next, other oxidant/additive combinations were evaluated 

(entries 6-8), such as TBHP/K2CO3, TBHP/HOTf and 

TBHP/KF, but all showed much less efficiency compared with 

TBHP/HOAc. Further efforts were directed to examine ligand 10 

and solvent effects for this reaction. It was found that PCy3, 

DPPE and Xantphos were also shown to be effective and give 

3a in moderate yields, but are inferior to PPh3 (entries 11-13). 

Nonpolar toluene was completely ineffective while polar 

DMF and DMA could produce the desired 3a in lower yields 15 

than NMP (entries 14-16). Finally, control experiments 

confirmed the crucial roles of CuI, PPh3 and TBHP for 

promoting this reaction; without them, the reaction could not 

occur or led to very low yields (entries 18-20). 

The substrate scope was next studied for this cyanation 20 

reaction (Table 2). Arylboronic acids with either electron-rich 

or electron-deficient substituents on the aryl ring were 

compatible with the optimized reaction condition. Phenyl, 

methoxyl, phenoxide and ester were tolerated on the aromatic 

ring, giving the desired aryl nitriles in good yields. 25 

Furthermore, heteroaryl boronic acids, such as 3-quinolyl, 2-

thiophenyl and dibenzofuryl boronic acids, gave the desired 

products 3i-k in moderate to satisfying yields. However, for 

boronic acids with methylthio, acetyl and fluoro, the desired 

products were unable to be obtained or in very low yield (3f-30 

h), possibly due to low reactivity or competitive side reaction 

(eg, oxidation of arylboronic acids to phenols) for these 

substrates. 

To further show the synthetic compatibility, other 

commercially available cyanoacetates were examined to react 35 

with biphenyl boronic acid (1a) under the optimized reaction 

conditions (Table 3). It was pleasing to see that methyl 

cyanoacetate (2b) gave the desired product 3a in 79% yield 

(entry 2). Cyanoacetates 2c and 2d with either one phenyl or 

two methyl substituents on the α-C atom also gave 3a in very 40 

good yields (entries 3,4). These results demonstrate the 

feasibility of a range of cyanoacetates as the CN source. 
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Table 2 Substrate scope for copper-mediated aromatic cyanation of 

arylboronic acids a,b  

NC

O

OEt
+B(OH)2

R
CN

R

3b, 66%c 3c, 40%

S
CN

3j, 43%

3d, 52%

O

CN 3k, 44%

CN

O

EtO

3e, 46%

CN

O

MeO

CNO

3a, 68%

CN

O

CN

CuI 1 eq

TBHP/HOAc 2 eq
NMP, O2, 18 h

PPh3 20 mol%

1 2a 3

CN

O

3g, trace 3h, 0%

CNF

CNS

3f, 8%

N

CN

3i, 89%

 

a Reaction conditions: 1 (0.5 mmol), 2a (1.0 mmol), CuI (0.5 mmol), PPh3 

(0.1 mmol), TBHP/HOAc (1.0 mmol), NMP (2 mL), 130 oC, under O2 
(balloon) for 18h. b Isolated yields using column chromatography. c 5 5 

hours for 3b. 

 

Table 3 Aromatic cyanation using various α-cyanoacetate sources a 

B(OH)2 NC
OR''

O

+ CN

R R'

CuI 1 eq

TBHP/ HOAc 2 eq

NMP, O2, 130 
oC, 18 h

PPh3 20 mol%

 
                 1a                               2                                          3a 

entry Cyanoacetate Product Yield (%)b 

1 NC
OEt

O

 2a 
CN

3a 
68 

2 NC
OMe

O

  2b 
CN

3a 
79 

3 

NC
OEt

O

  2c 

CN
3a 

67 

4 NC
OEt

O

Me Me 2d 

CN
3a 

70 

 

a Reaction conditions: 1a (0.5 mmol), 2 (1.0 mmol), CuI (0.5 mmol), PPh3 

(0.1 mmol), TBHP/HOAc (1.0 mmol), NMP (2 mL), 130 oC, under O2 10 

balloon for 18h.  b Isolated yields using column chromatography. 

     

Gratifyingly, this protocol is also applicable to the 

cyanation of aryl iodides and bromides (Table 4). Aryl 

bromides were found to perform poorly in our previous 15 

report.17a As shown in Table 4, aryl halides with a para, meta 

or ortho substituent can all be compatible. Aryl iodides are 

generally more reactive than aryl bromides. For aryl bromides 

with a strong electron-withdrawing nitro group, the yields can 

Table 4 Substrate scope for copper-mediated aromatic cyanation of aryl 20 

halides a,b  

NC

O

OEt
+X

R
CN

R

X = Br, 40%
X = I, 75%

X = Br, 68%
X = I, 81%

CN

O

MeO

X = Br, 25%

CNO2NCNH3CO

X = Br, 30%
X = I, 56%

CN

1 2a 3

X = Br, 75%

CNO2N

NO2

X = Br, 61%

CN

O2N

CuI 1 eq

TBHP/HOAc 2 eq
NMP, O2, 18 h

PPh3 20 mol%

(X = Br, I)

3a 3b 3l

3m 3n 3c  

a Reaction conditions: 1 (0.5 mmol), 2a (1.0 mmol), CuI (0.5 mmol), PPh3 

(0.1 mmol), TBHP/HOAc (1.0 mmol) and NMP (2 mL), 130 oC, under O2 

(balloon) for 18h. b Isolated yields using column chromatography. 

 25 

Table 5 Copper-mediated vinylic cyanation of vinyl boronic acids or 

halides a,b  

X

1 (X = Br, B(OH)2 )

NC
OEt

O

+

CuI 1 eq

TBHP/HOAc 2 eq

NMP, O2, 130
oC

PPh3 20 mol%

CN

R R

Br CN

56% (74%)c

Br CN

56%

Br Br

Br CN

74% (81%)c

Reactant Product Yield

B(OH)2 CN

60%

MeO MeO

2a 4

4a

4b

4c

4d  

a Reaction conditions: vinyl halide or boronic acid (0.5 mmol), 2a (1.0 
mmol), CuI (0.5 mmol), PPh3 (0.1 mmol), TBHP/HOAc (1.0 mmol), NMP 

(2 mL), 130 oC, under O2 balloon for 18h. b Isolated yields using column 30 

chromatography. c Yields in parentheses were obtained  using Cu2O (0.1 

mmol), PPh3 (0.1 mmol), AgNO3 (0.5 mmol). 

 

be greatly improved. Aryl chlorides were still unreactive. 

These results suggest a rate-limiting activation of aryl halide 35 

for this cyanation reaction. 

Finally, vinyl bromides and boronic acids are also 

compatible with the optimized conditions to give 

cinnamonitriles in good yields (Table 5). For example, 

reaction of 2-styryl bromide with α-cyanoacetae 2a gave (E)- 40 

cinnamonitrile 4a in a yield of 56% with the retention of 

double bond configuration. When a para-bromo is present on 

the aryl ring of styryl bromide, reaction selectively occurred 
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at the vinylic C-Br bond to give 4b as the major product in a 

yield of 56%. A triphenyl substituted vinyl bromide was also 

reactive with 2a, affording a highly conjugated acylonitrile 4c 

in a sastisfying yield of 74%. Finally, vinyl boronic acid is 

also feasible for this reaction to prepare 4d in an isolated yield 5 

of 60%. 

LnCu

NC
O
R

O

O2+

B

LnCu

A

Ar LG Ar CN

(LG = Halo, B(OH)2)

LG CN

CNX
Ι

(i) transmetalation (ii) cyanation

 
Scheme 2 Proposed mechanism for this cyanation reaction. 

Radical trapping experiment showed that 3a was obtained 

in only 10% yield in the presence of 2 equivalents of radical 10 

scavenger TEMPO (2,2,6,6-tetramethylpiperidinyloxy) (68% 

without TEMPO), suggesting the involvement of radical 

species during the reaction course.19 Based on this finding and 

insights gained from closely related reactions,17b a plausible 

mechanism is suggested to comprise two stages: 15 

transmetalation and cyanation. A key LnCu-CN intermediate 

B may be formed by transmetalation of CN group from α-

cyanoacetate via oxidative C-CN bond cleavage17,20 promoted 

by TBHP/O2 during which radical species are possibly 

involved. A rate-limiting reaction of B with aryl/vinyl boronic 20 

acid or halide would install the cyano group on the aromatic 

or vinylic Cipso position. 

In summary, a protocol for aromatic and vinylic cyanation 

is described to prepare aryl nitriles and acrylonitriles using 

readily available and nontoxic α-cyanoacetates as the 25 

cyanating reagents. This reaction is mediated by CuI/PPh3 in 

the presence of TBHP/HOAc under oxygen, and is compatible 

with aryl/vinyl boronic acids and halides. The reaction is 

potentially attractive for practical synthesis of various aryl 

nitriles and acrylonitriles. 30 
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NC
O
R

O

X

+

(X = B(OH)2, I, Br)

CN

Ar CNAr X
Aerobic

conditions

� Friendly cyano source

� Both aromatic and vinylic cyanation

� Compatible with boronic acids and halides
 

A protocol is reported to achieve safe and convenient aromatic and vinylic cyanation of boronic 

acids (as well as halides) with α-cyanoacetates, avoiding the use of toxic cyanide salts. 
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