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/. Introduction 

When a benzenoid or heterocyclic halide (ArX) is 
treated with copper(I) cyanide, the corresponding nitrile 
is formed. This type of reaction was first described in 

ArX + CuCN 
heat 

ArCN + CuX 

1927 by Pongratz.1 He synthesized perylene-3,9-di-
carbonitrile (2) in 95% yield by heating the dibromide 
(1) with copper(I) cyanide in quinoline. He subse-

CuCN 
quinoline 

( 1 ) (2) 

CuCN 
260 'C 

(3) (4) 

quently2 repeated the reaction as the first stage of a 
synthesis of perylene-3,9-dicarboxylic acid from either 
3,9-dibromo- or 3,9-dichloroperylene. In 1931, von 
Braun and Manz3 in a paper devoted to various deriv­
atives of fluoranthene, converted the 4-bromo derivative 
(3) into the 4-carbonitrile (4) in 80% yield by heating 
with copper(I) cyanide (in the absence of a solvent) at 
260 0C for 6 h. 

Although this type of conversion has been known as 
the Rosenmund-von Braun reaction,4"9 Rosenmund's 
contribution was to show10 that an aryl halide reacts 
with potassium cyanide, potassium hydroxide, and 
water under pressure at temperatures between 180 0C 
and 200 0C in a reaction which is promoted by copper(I) 
cyanide; the only product isolated from these reactions 
was the carboxylic acid. Neither Pongratz1,2 nor von 
Braun and Manz,3 refer to Rosenmund and Struck's 
work.10 The two papers in which von Braun,3,11 used 
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the nitrile synthesis were largely devoted to other re­
actions and no attempt was made to study this im­
portant reaction or to extend its scope.12 In this review, 
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conversion of an aromatic halide into the corresponding 
nitrile is called cyanation but it has also been referred 
to as nitrilation and cyanodehalogenation. 

Although the early investigators of this reaction were 
unable to demonstrate the displacement of aryl halides 
by metal cyanides other than that of copper (I),13 more 
recent workers have found that alkali metal cyanides 
in the presence of certain ligands give high yields of aryl 
nitriles under relatively mild conditions. Some cyana-
tions of the latter type require anaerobic conditions. 

This review attempts to cover the main developments 
in the study of this reaction so that the scope and lim­
itations may be appreciated. The tables list a wide 
variety of examples but they are illustrative rather than 
comprehensive. In addition to the original conversion 
of an aryl halide into the corresponding nitrile by the 
action of copper(I) cyanide, more recent modifications 
in which organometallic compounds containing other 
transition metals are discussed. 

/ / . Scope of the Reaction 

Aromatic (benzenoid and heterocyclic) iodides, 
bromides, chlorides, and fluorides are converted by 
copper(I) cyanide into the nitriles, the iodides being the 
most reactive. The difference in reactivity between 
iodide and chloride is sufficient to permit preferential 
cyanation of the iodide in the presence of both halogens, 
for example, in the synthesis of 2,4,6-trichlorobenzo-
nitrile from l-iodo-2,4,6-trichlorobenzene.14 Similarly, 
the reactivities of bromides and fluorides differ great­
ly.15 Further discussion of this topic is to be found in 
section IVA. 

The presence of some substituents on the aromatic 
ring has an effect on the progress of the reaction. 
Electronic activation of the 2-halogen in 2,3-dichloro-
1-nitrobenzene16 (and similar compounds)17"19 renders 
it more labile towards nucleophiles (see also section 
IIIA). Nitro and carboxy groups in the 2- or 4-positions 
increase the reaction rate.20,21 Aryl halides carrying the 
following substituents have been converted into the 
corresponding nitriles: alkyl, alkoxy, alkylthio, hydroxy, 
acyl, formyl, carboxyl, carboxyl ester, nitro, primary 
amino, and tertiary amino. A substituent such as a 
primary amino may exert a pronounced effect on the 
reaction; for example, 4-bromoaniline gives a good yield 
of nitrile when treated with copper(I) cyanide in pyri­
dine22 but 4-iodoaniline fails to react with potassium 
cyanide-palladium (II) acetate-hexamethylphosphor-
amide (hexamethylphosphoric triamide, HMPT)— 
conditions which give high yields of other benzo-
nitriles.23 

Substrates containing more than one halogen usually 
react to give a polycarbonitrile, for example, 1,3,5-tri-
bromo-2,4,6-trimethylbenzene yields the tricarbonitrile 
in high yield24 but one halogen may remain unaltered25 

or may be lost.26 Polymers (5, R = CN) of high thermal 
stability have been prepared by treating the poly(bro-
mophenylenes) (5, R = Br) with copper(I) cyanide in 
quinoline at 237 0C for 52 h.27 

During the last decade or two, cyanation of aryl 
halides in the presence of other transition metals has 
been investigated. In most of these methods, copper(I) 
cyanide has been replaced by an alkali metal cyanide 
or a complex of copper(I) cyanide and a transition-metal 
salt. Sodium dicyanocuprate, NaCu(CN)2, does not fall 

into either of these categories but it was shown by 
House and Fischer28 to have the advantage of being 
soluble in iV,iV-dimethylformamide (DMF) and to give 
a high yield of 1-naphthonitrile from the iodo-
naphthalene. However, 1-chloronaphthalene was al­
most unaffected by this reagent and its rate of reaction 
with the aryl halides mentioned was about 25% of that 
of copper(I) cyanide. 

One of the early examples which demonstrated the 
usefulness of palladium salts was the preparation of 
4-methoxybenzonitrile from the iodide, potassium 
cyanide, and palladium(II) cyanide,29 but a prolonged 
reaction time («46 h) in boiling DMF was necessary. 
Subsequently, a development of this reaction by re­
placement of palladium cyanide by palladium(II) ace­
tate enabled reaction times to be reduced and very high 
yields to be obtained from iodobenzene and several 
nuclear substituted iodobenzenes.23 

Impregnating alumina with sodium cyanide and 
heating this with iodobenzene and tetrakis(triphenyl-
phosphine)palladium in toluene is another new and 
promising method.30"32 The same palladium complex 
gave high yields of benzonitriles from bromobenzenes 
and potassium cyanide in the presence of a crown eth­
er.33,34 Complexes containing nickel or cobalt are also 
capable of converting aryl halides into the benzonitriles 
(see section IIIB). 

/ / / . Mechanism of Cyanation 

Halogen atoms attached to aromatic rings are usually 
resistant to nucleophilic displacement unless electron-
withdrawing substituent(s) are present or the ring 
contains one or more double-bonded nitrogen atoms as 
in pyridine. Copper(I) cyanide has been known for 
many years to be an exception to this rule in that it 
reacts on heating with bromobenzene, for example, to 
give benzonitrile. The use of other transition-metal 
complexes in recent years has enabled aryl halides to 
be converted into the nitriles often under anaerobic 
conditions using potassium or sodium cyanide. 

A. Cyanation with Copper(I) Cyanide 

Many of the early workers3,11,35 heated the halide and 
copper (I) cyanide to a temperature of about 260 0C, 
sometimes in a sealed vessel,24,36,37 while others1,2 added 
a solvent such as quinoline1,2 or pyridine.38"41 Good 
results have also been obtained by heating the reactants 
until a melt was formed and then reducing the pressure 
so that the nitrile distilled out of flask.42,43 The mech­
anism of the reaction in a sealed tube and in the ab­
sence of a solvent was studied by Koelsch and Whit­
ney44 who found that under these conditions there was 
an induction period which was shortened by addition 
of a copper(II) salt and lengthened by the presence of 
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an antioxidant such as quinol. The reaction was ac­
celerated by addition of a trace of a nitrile such as the 
expected product. They demonstrated that a shortened 
reaction time of about 10-30 min could be achieved by 
using their conclusions and that copper(I) bromide 
forms a crystalline complex with the benzonitrile. From 
their study, the authors proposed the mechanism shown 
in Scheme I which depends on the presence of cop-
per(II) ions and which assumes that the halide forms 
a stable complex with copper(II) but not with copper(I) 
ions. 

SCHEME I 
Cu+ 

ArX + Cu2+ ^ [ArX^Cu]2+ * 
CN" 

[ArX^Cu]+ + Cu2+ — Ar+ + CuX * ArCN 
The reaction is now rarely conducted under pressure 

and various solvents are employed, for example, quin-
oline or pyridine. These solvents enable a certain de­
gree of homogeneity to be achieved and they thus 
shorten reaction time and lower reaction temperature. 
The course of the reaction at these lower temperatures 
probably involves a complex formed by interaction of 
the halide with copper(I) cyanide; this complex (6) then 
decomposes into the benzonitrile and copper(I) halide 
(Scheme II).22 

SCHEME II 
2ArX + 2CuCN — [ArCN]2CuX + CuX — 

(6) 
2ArCN + CuX 

The reaction in refluxing pyridine was studied as one 
of a number of nucleophilic substitutions of 1-
halogenonaphthalene under uniform reaction condi­
tions.45 This demonstrated the greater reactivity of 
iodine over bromine as shown by the yield of nitrile 
obtained after 24 h of heating: 24% from the bromide, 
100% from the iodide. Kinetic measurements in boiling 
dimethyl sulfoxide (Me2SO) showed that the reaction 
was complicated, the second-order constants increasing 
as the reaction progressed but tending to become con­
stant later. When copper© cyanide was replaced by 
either silver or nickel(II) cyanide, no naphthonitrile was 
formed in Me2SO at 144 0C. The ability of the aryl 
nitrile to act as a strong ligand39 may explain the unu­
sual kinetics of this displacement compared with those 
of copper(I) halides. The relative rate of cyanation (as 
measured by the yield of product over a fixed time) of 
several bromobenzenes with copper(I) cyanide showed 
that the reaction was faster in DMF or Me2SO than in 
HMPT.33 The yield was almost unaffected by elec­
tron-donating or electron-withdrawing substituents at 
the 3- or 4-positions. 

Recently, a thorough kinetic study20 of the cyanation 
of iodoarenes in dimethylacetamide confirmed that the 
second-order constant increased with time, especially 
when stoichiometric proportions of halide and copper 
salt were used. A large excess of copper(I) cyanide 
produced an almost pseudo-first-order plot, thus con­
firming Ito and Watanabe's observation.17 Several at­
tempts were made to find a kinetic model which fitted 
the results; of these, two were satisfactory: 

v - ^72[CuCN]VS[PhI] (D 

v = ^2[CuCN] [PhI] + Je3[CuCN][PhI][CuI] (2) 

SCHEME III 
CuCN Cu 

»• • c„cN ^ ^ - , ^ ^ i 

Cu 

CN "*=£ Cu+ + PhCN 

The 3/2 order of eq 1 is better at describing the initial 
rate while the third-order term of eq 2 is justified by 
the observation that addition of copper® iodide (one 
of the products) causes a slight acceleration of rate (cf. 
Koelsch and Whitney's conclusion44 that their reactions 
were catalyzed by the aryl nitrile). A similar auto-
catalytic effect was noted in the cyanation of 2-
bromobenzoic acid. 

Under the conditions used in this study, Ullmann 
coupling was nonexistent although in earlier work, using 
other solvents, this was a competing reaction in some 
solvents.23 Nucleophilic substitution of aryl halides is 
not affected by radical traps and so this eliminates 
mechanisms which involves radicals. Addition of an 
excess of CN" (as potassium cyanide) or I- (as potassium 
salt) decreases the reaction rate and makes it unlikely 
that a dissociative mechanism is involved. 

The effect of substituents placed ortho to the iodine 
is significant. o-Methyl, o-tert-butyl, or o-iodo group 
has little effect but a carboxyl greatly increases the 
reactivity of the halide.20 This effect is further en­
hanced by a factor of about 102 for the sodium salt of 
the o-carboxyl group; a p-carboxylic salt has no effect. 
From a plot of activation parameters, Couture and 
Paine20 conclude that a difference in activation entropy 
accounts for the marked effect of the o-carboxylate 
group. They also observed that o- and p-diiodobenzene 
react in a stepwise process (as had been deduced by 
earlier workers with polybromoarenes),24 the monocyano 
product being formed to the extent of 40-60% before 
reacting again to yield the dinitrile. 

Couture and Paine20 suggest two possible mechanisms 
which explain most of their observations and calcula­
tions. In one, rapid electron transfer from CuCN to 
halogenoarene, which does not permit the escape of 
radical ions from the immediate vicinity of the reaction, 
is postulated. This involves the formation of a complex 
such as ArCu(X)CN which may possibly and momen­
tarily yield an arene radical and XCu'Nu, (Cu being 
copper(II)), or an arene ion radical and XCu-Nu (this 
Cu being copper(I)). The second possibility requires 
an 18-electron x-complexed organocuprate being formed 
from the copper(I) cyanide and the Tr-electrons of the 
halogenoarene. Intramolecular attack of the CN" ion 
to give a tetrahedral intermediate is followed by a 
rate-determining step of loss of halide and rapid for­
mation of aryl nitrile (Scheme III). This mechanism 
explains the retarding effect of both potassium cyanide 
and iodide and is supported by similar S N reactions with 
stable transition-metal arene carbonyl complexes, some 
of which have been isolated and characterized. The 
accelerating effect of an o-carboxylate group is difficult 
to explain in terms of anchimeric assistance and the 
increased entropy of activation observed. Whether 
cyanation of aryl halides by copper(I) cyanide proceeds 
through halogen complexation or ir-electron-type com-
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TABLE I. Cyanation of Aryl Bromides" 

Ellis and Romney-Alexander 

formula 

C7F5N 
C7H4N2O2 

C7H5N 

C7H6NO 

C7H6N2 

C8F4N2 

C8H4N2 

C8H5NO 
C8H5NO2 

C8H5NO3 

C8H7N 

C8H7NO 

C8H7NS 

C9H4N2O2 

product 

C6F5CN 
2-NO2C6H4CN 

4-NO2C6H4CN 

PhCN 

4-HOC6H4CN 

2-NH2C6H4CN 
4-NH2C6H4CN 

C6F4-I^-(CN)2 

C6F4-M-(CN)2 

C6H4-1,4-(CN)2 

3-CNC6H4CHO 
4-CNC6H4CO2H 
5-CN-2-HOC6H3C02H 
2-MeC6H4CN 

3-MeC6H4CN 

4-MeC6H4CN 

2-MeOC6H4CN 
3-MeOC6H4CN 

4-MeOC6H5CN 

2-HO-6-MeC6H3CN 
3-MeSC6H4CN 

4-MeSC6H4CN 

3,4-(CN)2C6H3CO2H 

reagent11 

CuCN 
CuCN 

a 
C 

b 
e 
CuCN 
f,P 
CuSCN 
f 
g, i. m 

g, h, j , m, 

g, h, 1, m 

g, h, i, m 

g, h, m, w 

d, k 
g, h, t, u 
g, h, t, u 
g, h, t, u 
g, h, t, u 
g, h, t 
d, k 
g, h, t, u 
g, h, t, u 
CuCN, x 
CuCN, y 
CuCN 
CuCN 
CuCN 

O 

CuCN 

CuCN 

CuCN 
CuCN 
CuCN 
CuSCN 
CuCN 
d ,k 
CuCN 

d, k 

f 
CuSCN 
d, k 
CuCN 

O 
d, k 
CuCN 
CuCN 

CuCN 

solv* 

A 
B 
B 
B 
B 
A 
A 
C 
D 
B 

B 
E 
D, H 

D 1 H 

D 1 H 

D 1 H 

D 1 H 

S 
A 
S 
R 
R 
B 1 R 
S 
D 
R 
Q 
Q 
F 
G 
B 
B 
A 
H 
A 
A 
B 
A 
A 
B 
A 
B 
A 
A 
A 
F 
C 
S 
A 
F 
C 
A 
E 
B 
A 
A 
F 
C 
A 
F 
C 
B 

S 
A 
A 
F 
A 
F 
A 

temp,'' 
0C 

147-158 
140-155 
140-155 
140-155 
140-155 
153 
100 
90 
100 
140-155 
80 
180 
reflux 
55 

55 

55 

45 

45 

55 
55 
55 
50 
35 
50 
55-60 
55 
30 
180 
180 

145-155 
160-200 
reflux 
55 
147-158 
147-158 
reflux 
reflux 
reflux 
140-155 
reflux 
200 
reflux 
50 
150 
150 
150 
55-60 
150 
150 
150 
reflux 
reflux 
220-250 
20 
150 
150 
150 
150 
150 
150 
210 

55 
reflux 
150 
150 
150 
150 
reflux 

reaction 
time, h 

13 
2 
2 
9 
9 

11.5 
0.3 
2.3 

65 
9 

19 
8.5 

9 

8 

9 

9 

14 

1 
1 
1 
0.4 
2 
1 
3-12 
3 
0.6 
6 
3 

9 
5 
4 

24 
13 
13 
5 
4 
6 
8 
3 

10 
4 
1 

-
-

40 
3 

-
-

40 
6 

12 
16 

-
-

70 
-
-

70 
8 

2 
4 

-
-
-
-
4 

yield,e 

% 
82 
91 
91 
80 
91 
80 
93 
94 
93 
85 
99 
23 
12 
88 
(98) 
85 
(94) 
81 
(90) 
89 
(99) 
88 
(98) 
(97) 
90 
« 2 ) 
(98) 
(80) 

«D 
(90) 
(95) 
(98) 
(79) 
(28) 
68 
72 
83 
72 
83 
25 
62 
61 
50 
100 
92 
82 
67 
22 
93 
(90) 
85 
82 
35 
(84) 
89 
90 
36 
91 
88 

-
(90) 
78 
82 
51 
65 
68 
45 
60 
4 
(97) 
94 
95 
87 
96 
92 
45 

ref 

15 
17 
18 
17 
18 
23 
23 
23 
33 
17 
30 
82 
48 
51 

51 

51 

51 

51 

49 
49 
49 
49 
49 
49 
49 
49 
49 
17 
17 
71 
71 
18 
18 
22 
52 
15 
15 
18 
22 
22 
18 
92 
84 
22 
49 
33 
33 
33 
49 
33 
33 
33 
22 
48 
82 
49 
33 
33 
33 
33 
33 
33 
18 
52 
49 
74 
33 
33 
33 
33 
93 
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formula product reagent6 solv* 
temp," 

0C 
reaction 
time, h 

yield,8 

ref 

C9H7NO 

C9H7NO2 

C9H9N 

C9H9NO 

C9HK)NJ 
C10HSNJO2 

CK)H8NJ 
Cu)H9Na 
C10H11N 

2-AcC6H4CN 

4-AcC6H4CN 

4-Ac-3-HOC6H3CN 
3-CNC6H4CO2Me 

4-CNC6H4CO2Me 

2,4-Me2C6H3CN 
3,4-Me2C6H3CN 
2,5-Me2C6H3CN 
2-EtC6H4CN 
4-[MeCH(OH)]C6H4CN 
3-EtOC6H4CN 
4-Me2NC6H4CN 
5-AcC6H3-l,3-(CN)j 
4,5-Me2C6H J-1,2-(CN)J 
4-NMe2C6H3-l,2-(CN)2 
2,4,6-Me3C6H2CN 

C11H7N 1-C10H7CN 

C11H7N 

C11H8N2O2 
C11H9BrN2 
C11H13N 

C12H6N2O4 
C12H9NO2 
C12H9N3 

C12H11NO4 
C12H12N2 
C13H6BrN 
C13H9N 

C13H17N 
C14H6N2 
C14H8N 
C14H8N2 
C14H10F6NjO2 
C14H10N2O2 
C14H12NjOj 
C1 4H1 6NJOJ 
C16H9N 

C16H14N 
C16H16N3 
CigHsNg 

C17H9N 

C17H11N 
C18H24N2O4 
C19H11N 

C19H12N2O 

2-C10H7CN 

3,4-(CN)jC6H3COjEt 
3-Br-2,4,5-Me3C6-l,5-(CN)2 
3,5-Et2C6H3CN 
4-SeC-BuC6H4CN 
2,5-(CN)2-C6H2-M-(CO2Me)2 
4-hydroxy-5-methoxynaphthalene-2-carbonitrile 
2,4,6-Me3-C6-l,3,5-(CN)3 

3-Ac-5-CN-4-HOC6H2C02Et 
4-t-BuC„H3-l,2-(CN)j 
2-bromoacenaphthylene-l-carbonitrile 
4-C6H6C6H4CN 
acenaphthene-5-carbonitrile 
2,4,6-Et3C6H2CN 
acenaphthylene-l,2-dicarbonitrile 
fluorene-2-carbonitrile 
C6H4C6H4-4,4'-(CN)2 
4,5-(CF3CHJOCHJ)2-C6HJ-1,2-(CN)2 

3-(2-MeC6H4)-2-N02C6H3CN 
2-acetamido-6-methoxynaphthalene-2-carbonitrile 
4,5-(EtOCHj)2C6Hj-I^-(CN)2 
phenanthrene-9-carbonitrile 

1,2,3,4- tetrahydrophenanthrene-9-carbonitrile 
2,4,6-Et3C6-I1S1S-(CN)3 
anthracene-9,10-dicarbonitrile 

fluoranthene-4-carbonitrile 

l-phenylnaphthalene-4-carbonitrile 
4,5-[EtO(CHj)jOCHj]2C6H2-l,2-(CN)2 
benzo [c] phenanthrene- l-carbonitrile 

4-methoxy-l-phenylnaphthalene-2,3-dicarbonitrile 

CuCN 

CuCN 

CuCN 
CuCN 

CuCN 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
Cu14CN 
d, k 
CuCN 
CuCN 
CuCN 
CuCN 

d,k 
g, h, t, u 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
f 
O 

CuCN 
O 

CuCN 
CuCN 
CuCN, r 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
Cu14CN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN, r 
CuCN 
CuCN, r 
CuCN+ 

CuSO4 
CuCN 

CuCN 
CuCN 
CuCN 

CuCN 

B 
B 
I 
B 
A 
B 
A 
A 
A 
F 
A 
F 
A 
A 
A 
A 
B 
-
S 
A 
A 
A 
B 
B 
S 
R 
A 
J 
K 
B 
F 
B 
B 
-
H 
K 

B 
A 
B 
-
-
A 
-
B 
A 
A 
A 
K 
A 
A 
B 
K 
A 
A 
A 
B 
B 
A 
A 
-
-
B 
B 

B 
-
L 

A 
-
-
A 
K 
K 
M 

120 
120 
reflux 
reflux 
reflux 
reflux 
reflux 
reflux 
150 
150 
150 
150 
reflux 
reflux 
reflux 
reflux 
reflux 
210 
55-60 
reflux 
reflux 
reflux 
165-175 
165-175 
55-60 
50 
reflux 
reflux 
reflux 
reflux 
-
115 
220 
100 
55 
reflux 

260-280 
reflux 
190 
235-240 
-
reflux 
245 
205 
reflux 
reflux 
reflux 
170 
reflux 
reflux 
reflux 
160 
reflux 
reflux 
reflux 
reflux 
reflux 
reflux 
reflux 
260 
360 
220 
220 
260 
220 
205 
240 

reflux 
260 
270 
reflux 
reflux 
reflux 
155 

1.5 
1.5 

20 
3 
6 
3 
3 
-
-
-
-
4 
6 
6 
4 

15 
1.5 
3 
3 

5 
8 
8 
3 
2 
4 
3 
3 

24 
2 

24 
15 
40 
24 
3 

3 
4 
0.75 

16 
12 
1 
1.25 
1.3 
. 
3 
5 
2 
4 
4 

11 
2 
4 
4 
5 
5 
3 
5 
4 
6 

18 
9 
6 

18 
1.2 
2 

5 
6 
5 
5 
1 
1 
3-6 

70 
70 
80 
70 
88 
74 
26 
95 
66 
57 
80 
73 
91 
87 
88 
90 
36 
68 
(5) 
44 
68 
60 
80 
80 
(5) 
«D 
94 
60 
89 
24 
99 
100 
86-93 
90 
64 
90 
7 
78 
40 
31 
67 
84 
29 
72 
56 
70 
43 
72 
28 
92 
91 
64 
60 
92 
100 
62 
68 
57 
65 
95 
93 
87 
81 
87 
92-95 
81 
81 
45 

80 
-
60 
71 
71 
70 

18 
17 
41 
40 
22 
94 
26 
22 
33 
33 
33 
33 
22 
22 
22 
22 
94 
95 
49 
26 
93 
93 
18 
17 
49 
49 
22 
68 
68 
45 
45 
45 
78,96 
30 
52 
68 
52 
17 
93 
24 
97 
98 
82 
99 
24 
100 
26 
93 
101 
22 
22 
102 
101 
22 
22 
103 
104 
105 
103 
22 
106 
107 
108 
109 
36 
109 
24 
110 

22 
3 
11 
103 
66 
67 
25 
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TABLE I (Continued) 

formula product reagent6 solv° 
temp,d 

0C 
reaction 
time, h 

yield,' 
% ref 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 

J 
M 
L 
-
-
M 
L 

M 

137 
155 
reflux 
250 
250 
155 
200 
155 
155 

108 
3-6 
2 
4 
4 
3-6 
5 
3-6 
3-6 

60 
35 
95 
-
-
32 
14 
68 
18 

20 
25 
1, 2 
35 
35 
25 
25 
25 
25 

C19H29N 2,4,6-(4-Bu)3C6H2CN 
Cj1Hi6N2O 4-methoxy-6-methyl-l-(4-methylphenyl)naphthalene-2,3-dicarbonitrile 
C22H10N2 perylene-3,9-dicarbonitrile 
C22H13NO 3-(4-cyanophenyl)-2-phenyl-lK-inden-l-one 

6-cyano-2,3-diphenyl-lif-inden-l-one 
C22H18N2O 6-ethyl-l-(4-ethylphenyl)-4-hydroxynaphthalene-2,3-dicarbonitrile 
C22H21NO 6-ethyl-l-(4-ethylphenyl)-4-methoxynaphthalene-2(or 3)-carbonitrile 
C23Hj0NjO 6-ethyl-4-methoxy-l-(4-ethylphenyl)naphthalene-2,3-dicarbonitrile 
C24H20N2O2 4-acetoxy-6-ethyl-l-(4-ethylphenyl)naphthalene-2,3-dicarbonitrile 
0A hyphen in any of columns 5-7 shows that the data are not recorded in the original reference. A blank space in columns 4-7 shows that 

the information is not available to us. 'Code for reagents: a, Pd(OAc)2, KCN; b, Pd(OAc)2, KCN, KOH (or NaOEt), KI; c, Pd(OAc)2, KCN, 
PPh3, Ca(OH)2; d, NaCN; e, Pd(PPh3)4, KCN, 18-crown-6 ether; f, Pd(PPh3)4, NaCN or KCN; g, trarw-chloro(l-naphthyl)bis(triphenyl-
phosphine)nickel; h, PPh3; i, Aliquat 336; j , Et3PhCH2NCI; k, (Ph3P)3Ni; 1, dicyclohexyl-18-crown-6 ether; m, NaCN, H2O; n, KCN; o, 
K3[Co(CN)4]; p, Al2O3-NaCN; q, NaCu(CN)2; r, under pressure; s, Me4NCN; t, Me2C(OH)CN; u, Et3N; v, Pd(OAc)2, KCN, H2O; w, aq 
NaOH; x, pyridine; y, 2-methylpyridine; z, Me3SiCN, Pd(PPh3)4.

 cCode for solvents: A, DMF; B, pyridine; C, hexamethylphosphoric 
triamide; D, benzene; E, THF; F, Me2SO; G, dimethyl sulfone; H, water; I, pyridine and quinoline; J, iV^V-dimethylacetamide; K, N-
methylpyrrolidin-2-one; L, quinoline; M, tetramethylurea; N, toluene or p-xylene; O, reagents heated without solvent; reaction time and 
temperature not stated; P, 4-methylpyridine; Q, nitrobenzene; R, acetone; S, ethanol. d Some of the temperatures are bath temperatures. 
' Yields determined by GLC are shown in parentheses. 

SCHEME IV 

CuCN + py 

CN 

C u - p y 
B r - - - C u - - - p y 

(7 ) 

PhCN + Br — C u - P y r 

plexation or a mixture of both is still not finally resolved 
in spite of a great deal of detailed investigation. 

In order to separate the role of pyridine as a base 
from that of possible catalyst, Ito and Watanabe17 

studied kinetically the reaction of bromobenzene with 
copper(I) cyanide at 160-180 0C in nitrobenzene to 
which a known amount of pyridine was added. This 
method also avoided the precipitation of the product 
as an insoluble complex with the copper halide which 
then had to be decomposed with ammonia or mineral 
acid in order to release the free nitrile. Moreover, the 
effect of changing the base could be studied. Ito and 
Watanabe found that, in contrast to cyanation in a 
sealed tube,44 oxidizing conditions had no effect. Since 
copper(I) cyanide and chloride were usually insoluble 
in the quantities of solvent used, there was no inter­
action with bromobenzene unless pyridine was added. 
When the temperature reached 120 0C, a homogeneous 
mixture was obtained and on cooling, the product re­
mained in solution and was determined by gas chro­
matography. Replacement of pyridine by 2-methyl- or 
2,6-dimethylpyridine lowered the yield of benzonitrile 
appreciably, and this was ascribed to steric hindrance 
to coordination of the base with copper(I) cyanide. 

These kinetic studies showed that the rate of reaction 
was first order with regard to bromobenzene and cop-
per(I) cyanide. A copper(I) cyanide-pyridine complex 
was formed and, provided the ratio of these two reag­
ents was at least equimolar, the amount of nitrile 
formed increased with reaction time. Bromobenzene 
coordinates to the complex which then yields the nitrile 
by exchanging nitrile for halogen and this appears to 
be the rate-determining step of the reaction (Scheme 
IV). Ito and Watanabe concluded that the bromine, 
copper, and nitrile carbon atoms group of the complex 
(7) were in a plane which was almost perpendicular to 
that of the benzene ring. 

SCHEME V 
A r - - - C I 

I I 
ArBr + CICu- - -py ^ = i Br — C u - p y ^=T* ArCI + BrCu---py 

py py 

SCHEME VI 

ArX + M — - [Ar — M — X] - ^ - ArY + M 

Further support for these conclusions were obtained 
by Sato, Motoyama, and Hata46 who studied the halo­
gen exchange of bromobenzene with the copper(I) 
chloride-pyridine complex in nitrobenzene at 155-175 
0C. Activation enthalpy and activation entropy were 
determined. Comparison of these with those of similar 
reactions showed that the results supported the four-
center (or double-bridge transition state of Ito and 
Watanabe).17 Strong coordination of pyridine to the 
copper atom of the complex accelerates the reaction; 
its course is governed by the relative ease of formation 
of the C-Cl compared with the Br-Cu bond (Scheme 
V). 

B. Cyanation with Other Reagents 

Complexes of sodium or potassium cyanide with 
transition metals or with metal-triphenylphosphine 
have been investigated recently as sources of cyanide 
ion. The reactions of some of these with aryl halides 
are believed to be oxidative one-electron transfer re­
actions,21 and the transition complex (Ar-M-X, where 
M is the transition-metal catalyst) formed may react 
with a nucleophile to give a new product,23 for example, 
ArY in Scheme VI. 

The metals which have been successfully used in this 
way are palladium,23-30'31'33-34-47'48 nickel,49"61 and cobalt.52 

Cassar and his co-workers have made a thorough 
study of the use of nickel complexes as catalysts for the 
cyanation of benzenoid halides by alkali metal cyanides. 
Tris(triphenylphosphine)nickel, (Ph3P)3Ni, used in the 
absence of oxygen, was found to be a more effective 
catalyst than its 4-tolyl homologue whereas replacing 
the phenyl by cyclohexyl or cyclooctadienyl gave inef-
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TABLE II. Cyanation of Aryl Chlorides and Fluorides' 

formula 

C7H3ClN2O2 

C7H3N3O4 

C7H4ClN 

C7H4FN 

C7H4N2O2 

C7H6N 

C7H6N 
C7H6NO 

C8H4N2 

C7H6N2 

C8H4N2 

C8H7N 

C9H6N2 

C9H7NO 

C9H7NO2 

C11H7N 

C11H7N 

C12N6 

C12H13NO2 

C13H9N 

C13H9NO 
C14H9NO 
C14H11N 
C22H1()N2 

" See Table I. 

product 

2-01-6-NO2C6H3CN 

2,6-(NOj)2C6H3CN 
2-ClC6H4CN 

3-ClC6H4CN 
2-FC6H4CN 

3-FC6H4CN 
2-NO2C6H4CN 
PhCN 

PhCN (from the fluoride) 
4-HOC6H4CN 

C6H4-l,3-(CN)j 
C6H4-l,4-(CN)j 

4-NHjC6H4CN 
C6H4-l,2-(CN)j 
C6H4-1,3-(CN)2 

C6Hi-l,4-(CN)2 

2-MeC6H4CN 
4-MeC6H4CN 
4-MeC6H3-l,3-(CN)2 

2-AcC6H4CN 
4-AcC6H4CN 

4-CNC6H4CO2Me 
naphthalene-1-carbonitrile 

naphthalene- 2-carbonitrile 

C6(CN)6 (from the 1,3,5-trifluoride) 
2-CN-3,5,6-Me3C6HCOjMe 
3-PhC6H4CN 
4-PhC6H4CN 
3-PhOC6H4CN 
4-PhCOC6H4CN 
2-PhCH2C6H4CN 
perylene-3,9-dicarbonitrile 

'From 4-ClC6H4CN. *From 1,4-Cl2C6H4. 

reagent6 

CuCN 

CuCN 
d, k 
d, k 
g, h, i, m 
d, k 
d, k 
d, k 
CuCN 
b 
h, k, 1, n 

f 
CuCN 
d, k 
CuCN 
CuCN 
CuCN 
g, h, i, m 
CuCN, r 

d,k 
d, k 
d, k 
d, k 
d, k 
CuCN+KCN, r 
h, k, 1, n 
CuCN 
CuCN 
g, h, i, m 
d,g 
d, k 
CuCN 
CuCN 

O 

g, h, t, u 
d,g 
d,k 
CuCN 
g, h, i, m 
Ca(CN)2 

CuCN 
d,k 
d,g 
d,g 
d,k 
CuCN 
CuCN 

solv* 

A 
F 
F 
A 
S 
D 
S 
A 
S 
B 
C 

B 
S 
B 
J 
K 
D 
-
B 
S 
A 
S 
S 
S 
B 
D 
B 
I 
D, H 
S 
S 
A 
A 
K 
B 
B 
B 

R 
S 
S 
C 
D1H 
A 
K 
S 
S 
S 
S 
-
G 

temp,'' 
0C 

reflux 
153 
153 
80 
55 
55 
55-60 
55 
55-60 
160-180 
90 
45 

110 
140-150 
55-60 
140-150 

55 
420 
210-220 
55-60 
80 
55-60 
55-60 
55-60 
190-210 
55 
200-220 
reflux 
55 
55 
55-60 
reflux 
220-250 
205 
245-250 
220-250 
reflux 

50 
55 
55-60 
230-240 
55 
25 
205 
55-60 
55 
55 
55-60 
250 
reflux 

reaction 
time, h 

15 
18 
18 
5 

12 
4.5 
3-12 
4 
3-12 
3 
1.5 

17 

16 
14 
3-12 
3 

4.5 
-

24 
6 
5 
3-12 
3-12 
3-12 

72 
25 
24 

-
14 
1 
3-12 
5 

24 
24 
24 
6 

24 

2 
0.75 
7 
3 

16 
33 
3 
3-12 
0.75 
6 
3-12 

23 
2 

yield, 
% 

85 
30 
52 
«2) 
«2) 
(16) 
«3) 
(5) 
(84) 
80 
2 
81 
(90) 
0.2 
trace 
(95) 
-
51 
24 
(50) 
70 
92 
(30) 
«2) 
(86) 
(80)' 
(9D* 
85 
77 
93 
39 
(96) 
(93) 
(80) 
87 
94 
87 
92 
70 
92 
18 
(90) 
(98) 
90 
85 
(90) 
50 
82 
(85) 
(94) 
(98) 
(83) 
54 
-

ref 

16 
16 
16 
49 
49 
51 
49 
49 
49 
17 
23 
51 

30 
17 
49 
17 
71 
71 
51 
58 
22 
49 
49 
49 
49 
49 
22 
51 
22 
41 
51 
49 
49 
22 
22 
68 
78 
96 
96 
52 
49 
49 
49 
28 
51 
63 
68 
49 
49 
49 
49 
111 
1,2 

fective complexes.49 Some of the nickel complexes may 
be prepared in situ, for example, trans-chloro(aryl)-
bis(triphenylphosphine)nickel (A, Scheme VII) may be 
prepared from an aryl halide and tris(triphenyl-
phosphine)nickel. One of the advantages of using these 
complexes is the low temperatures which may be used 
to prepare nitriles; for example, temperatures of 50-60 
0C usually suffice for good yields of many nitriles to be 
obtained. In a few experiments, even lower tempera­
tures have been successfully employed.49 The need to 
exclude oxygen from such reactions and the additional 
cost of the reactants detract somewhat from the con­
venience of this method. It appears that cyanation in 
this way involves two steps: oxidative reaction between 
the aryl halide and tris(triphenylphosphine)nickel 
followed by displacement of the halide complex (A, 

SCHEME VII 

PPh3 

Ar — Ni — X 

I 
PPh3 

(A) 

P P h 3 
.Cl 

Ar — N i . 
»CN 

PPh9 

Na 

(B) 

PPh3 

A r — N i — C N 

I 
PPh, 

ArCN + Ni(PPh3J3 

Scheme VII) by the cyanide ion. The nature and pos­
ition of a substituent on the aromatic ring has an effect 
on the rate of reaction; a m- or p-methoxy or -methyl 
increases reactivity of the aryl halide while an o-cyano 
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TABLE HI. Cyanation of Aryl Iodides" 

formula 

C7H2Cl3N 
C7H4BrN 
C7H4ClN 

C7H4N2O2 

C7H4N4O4 

C7H6N 

C7H6NO 

C7H6N2 

C8H4N2 

C8H7N 

C8H7NO 

C9H7NO2 

C9H7NO3 

C9H8N2O2 

C10H9NO3 

C11H7N 

C11H7N3 

C11H10N2 

C11H11NO2 

C12H9NO 
C12H9N3 

C12H11NO4 

C12H12N2 

C13H7N 

C14H11NO 
C14H19N 
C19H29N 
C22H13NO 

" ^ S e e T a b l e I . 

product 

2,4,6-Cl3C6H2CN 
4-BrC6H4CN 
3-ClC6H4CN 
4-ClC6H4CN 
4-NO2C6H4CN 
2-NH2-3,5-(N02)2C6H2CN 
PhCN 

4-HOC6H4CN 

4-NH2C6H4CN 
C6H4-1,3-(CN)2 

C6H4-1,4-(CN)2 

2-MeC6H4CN 
3-MeC6H4CN 
4-MeC6H4CN 

4-MeOC6H4CN 

4-Ac-3-HOC6H3CN 
4-MeOOCC6H4CN 
4-CNC6H4CH2CO2H 
5-Ac-2,4-(HO)2C6H2CN 
2,6-Me2-3-N02C6H2CN 
4-Ac-2-HO-6-MeOC6H2CN 
5-Ac-4-HO-2-MeOC6H2CN 
1-C10H7CN 

4,5-Me2C6H-l,2,3-(CN)3 

2,6-Me2C6H-l,3,5-(CN)3 

3,4,5-Me3C6H-l,2-(CN)2 

3-CN-2,4,5-Me3C6HC02H 
6-MeOC10H6-I-CN 
3,5,6-Me3-C6-l,2,4-(CN)3 

4,5,6-Me3-C6-l,2,3-(CN)3 

3-Ac-5-CNC6H3C02Et 
l,2,3,5-Me4C6-4,6-(CN)2 

biphenylene-1-carbonitrile 
biphenylene-2-carbonitrile 
4-PhCH2OC6H4CN 
2,3,4-Me3-6-i-BuC6HCN 
2,3,5,6-(J-Pr)4C6HCN 
2-(4-cyanophenyl)-3-phenyl-lH-inden-l-one 

reagent6 

CuCN 
u, z 
a 
u, z 
a 
CuCN 
CuCN 
f,P 
f 
a 
a 
b 
V 

a 
d, k 
u, z 
CuCN 
CuCN 
a 
a 
U , Z 

a 
f,P 
f 
a 
U , Z 

CuCN 
U , Z 

CuCN 
U , Z 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
q 
O 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
Cu14CN 
CuCN 
CuCN 
CuCN 

solv* 

C 
-
C 
-
C 
A 
B 
N 
E 
C 
A 
C 
A 
C 
S 
-
F 
A 
C 
C 
-
C 

E 
C 
-
A 

-
C 

-
A 
C 
C 
-
-
B 
A 
A 

C 
C 
C 
C 
-
C 
C 
C 
C 
A 
B 
A 
C 
C 
-

temp,d 

0C 

80-90 
90 
100 
90 
100 
130 
170-190 
80 
reflux 
100 
140 
60 
140 
102 
55-60 
90 

reflux 
100 
100 
90 
100 
80 
reflux 
100 
90 
reflux 
90 
90 
90 
reflux 
100 
90 
165-170 
185-190 
115 
150-155 
150-155 

90 
90 
90 
90 
200-230 
90 
90 
100-130 
90-100 
reflux 
140-150 
reflux 
90 
90 
240 

reaction 
time, h 

2-3 
0.5 
5.5 
0.5 

10 
2 
6 
2 
9 
4.5 
0.2 
9 
1 
0.5 
3-12 
0.5 

1.75 
10 
5.5 
0.5 
2 
3 
9 
5.5 
0.5 

16 
0.5 
3 
0.5 
3 
3 

0.17 
0.17 

24 
4 
4 

2 
2 
2 
2 
8 
2 
2 
3 
2 
4 

10 
3 
2 
2 
3 

yield,' 
% 

82 
56 
70 
70 
70 
33 
80 
98 
83 
97 
84 
99 
0 
86 
(75) 
88 
72 
84 
0 
21 
53 
96 
95 
91 
93 
76 
75 
89 
94 
68 
60 
74 
75 
57 
67 
100 
97 
98 
24 
38 
47 
58 
77 
82 
46 
40 
40 
73 
58 
61 
96 
83 
88 
100 

ref 

14 
52a 
23 
52a 
23 
112 
17 
30 
48 
23 
23 
23 
23 
55 
49 
52a 
71 
113 
23 
23 
52a 
23 
30 
48 
23 
52a 
29 
52a 
26 
52a 
26 
26 
14 
114 
114 
45 
28 
28 
52 
14 
14 
14 
14 
64 
14 
14 
26 
14 
75 
115 
116 
14 
14 
35 

or -chloro reduces it. For example, 4-methoxybenzo-
nitrile has been prepared in 97% yield whereas only 
traces of 2-chlorobenzonitrile were obtainable. Another 
limitation is that halonitrobenzenes cannot be thus 
cyanated because of interaction between the nitro group 
and the catalyst. The nickel complexes can catalyze 
about 110 molar quantities of halide but can also react 
stoichiometrically to give the same product.49 A 
phase-transfer catalyst (either a crown ether or a qua­
ternary ammonium salt) in the presence of a nickel 
catalyst can give a high yield of nitrile.61 Since some 
of these reactions proceed in alkaline conditions, it is 
likely that the cyanide ion (rather than hydrocyanic 
acid) reacts with the aryl-nickel complex at the 
water-organic solvent interface. From observations on 
kinetic and other studies, Cassar, Ferrara, and Foa49 

conclude that a coordinated complex (B, Scheme VII) 
is an intermediate in the cyanation of the nickel halide 
(A, Scheme VII). Substitution of other square-planar 
complexes is known to involve a five-coordinated in­
termediate similar to B (Scheme VII); this undergoes 
reductive elimination during which nickel(O) is formed 
and the aryl nitrile is generated by aryl migration. 

Replacement of sodium cyanide in this type of reac­
tion by acetone cyanohydrin has been described for 
three aryl halides, namely, bromobenzene, bromo-
mesitylene, and 1-chloronaphthalene.49 By varying the 
solvent, base, temperature, and reaction time, this 
method promises to be a mild and effective variant of 
classical cyanation; for example, bromobenzene is cya­
nated in 98% yield in acetone under nitrogen at 50 0C 
for 0.6 h in the presence of irans-chloro(l-naphthyl)-
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bis(triphenylphosphine)nickel-triphenylphosphine-
triethylamine but bromomesitylene gave a negligible 
amount of nitrile under very similar conditions. The 
method thus shares with that using sodium cyanide the 
inability to displace some o-substituted halides. 

Cassar et al.51 obtained high yields of nitriles by 
heating the aryl bromide or chloride with sodium or 
potassium cyanide, tris(triphenylphosphine)nickel, and 
a phase-transfer catalyst (a quaternary ammonium salt 
or 18-crown-6 ether). 

Tetrakis(triphenylphosphine)palladium, (Ph3P)4Pd, 
and potassium cyanide similarly converted iodobenzene 
into benzonitrile in tetrahydrofuran without a phase-
transfer catalyst.48 The same ligand has been used 
recently in the cyanation of iodobenzenes with tri-
methylsilylcyanide.52a Anaerobic conditions were nec­
essary and the most effective solvent was anhydrous 
triethylamine. Bromo- and chlorobenzenes were 
unaffected while 4-bromoiodobenzene gave a moderate 
yield of the bromo nitrile; the dinitrile was a minor 
byproduct. Extending the reaction time from 30 min 
to 24 h and increasing the molar ratio of silyl cyanide 
made little difference to these yields of mono- and di­
nitrile. Good yields were obtained whether electron-
releasing or electron-withdrawing substituents were 
present.52* 

Catalysis of aryl iodide displacement by palladium(II) 
salts, especially palladium(II) acetate, gives high yields 
of nitriles at temperatures of 100-120 0C in the presence 
of HMPT but small amounts of bases (such as potas­
sium hydroxide or sodium ethoxide) as cocatalysts en­
able the reaction to proceed at lower temperatures.23 

Aryl bromides need longer reaction times and/or higher 
temperatures but, by careful choice of conditions and 
reagents, high yields can still be obtained; for example, 
bromobenzene, palladium(II) acetate, potassium cyan­
ide, triphenylphosphine, and calcium hydroxide in 
DMF at 100 0C for 20 min gave a 93% yield of benzo­
nitrile.23 The use of bases as cocatalysts to induce a 
reduction in the valency of transition-metal ions53 and 
the inertness of some palladium salts (for example, 
palladium (II) cyanide and potassium tetracyano-
palladate) which are known to be difficult to reduce, 
support the theory that zero-valent palladium plays a 
vital role in these reactions. Further support for this 
comes from the finding54 that application of a reducing 
potential increases the lifetimes of homogeneous nickel 
and palladium catalysts of this kind by intercepting 
catalytically inactive metal species and converting them 
into the active state. The process requires few electrons 
and is therefore commercially attractive. 

In another paper,55 the Japanese authors studied the 
palladium catalysis in HMPT and determined the rate 
of reaction of iodobenzene with potassium cyanide, 
palladium(II) acetate, and HMPT at 102 0C. Their 
results suggest that cyanation obeys the rate law re­
quired by eq 3 where [Pd(OAc)2]o is the initial con­
centration of palladium (II) acetate and MKCN is the 
amount of reagent in the reaction mixture. 

d[PhCN]/dt = MPd(OAc)2]0(MKCN)2/3 (3) 

Under these experimental conditions, potassium 
cyanide dissolves within about 20 min in HMPT and 
the CN" ion is trapped by palladium(II) acetate to form 
a salt [Pd2+(CN-)L, (L = ligand such as acetate ion or 

SCHEME VIII 

PhI + Pd0 — • PhPdI PhPdCN — PhCN 

Pd(OAc)2 —r—• Pd (CN-)L 

KCN + L 

solvent)] which does not initiate the cyanation. 
Therefore, an excess of palladium(II) acetate over po­
tassium cyanide must be present for the reaction to 
proceed. Comparison of the rate of dissolution of po­
tassium cyanide in HMPT with that of the formation 
of benzonitrile shows that most if not all of the cyanide 
ion comes directly from the solid potassium cyanide. 
The authors propose that palladium acetate reacts with 
iodobenzene to give an oxidative-addition complex, 
PhPdI, as shown in Scheme VIII (which is a simplified 
version of that in the paper). They draw an analogy 
between this sequence and the known conversion56 

(which they repeated) in 99% yield of an aryl mercury 
halide into an aryl cyanide by reaction with potassium 
cyanide and palladium(II) chloride in DMF. 

Prochazka and Siroky33 optimized the results of 
several of the above-mentioned procedures by using 
tetrakis(triphenylphosphine)palladium, potassium 
cyanide, and 18-crown-6 ether in boiling benzene. High 
yields of the aryl nitriles were thus obtained and similar 
conclusions to those mentioned above were reached 
regarding the mechanism of the reaction, namely, oxi­
dative addition of aryl halide to metal to form a tran­
sition complex which reacts with cyanide to form aryl 
nitrile. 

The overall reaction rate is independent of the con­
centration of halobenzene; abstraction of cyanide ion 
from the surface of the solid palladium complex is the 
rate-determining step.55 Palladium appears to have two 
roles in the overall reaction: first, as Pd0 it activates 
the halobenzene and as Pd2+ it promotes the dissolution 
of potassium cyanide. Oxidative addition of aryl halides 
to the tetracyanocobaltate ion (formed by reaction of 
cobalt(II) chloride with potassium cyanide in aqueous 
potassium hydroxide) gave the complex K3

+[ArCo-
(CN)4X]3" which on displacement of the halogen by 
another cyanide ion gives the pentacyanocobaltate.52 

This breaks down to give a benzonitrile and the re­
generated tetracyanobaltate ion (Scheme IX), which is 
in accordance with the catalytic nature of the reaction. 
Spectral evidence was obtained for the presence of the 
aryl pentacyanocobaltate ion, [ArCo(CN)5]

3", but ele­
mental analysis of one such complex which was isolated 
did not fully support this structure. 

SCHEME IX 

[Co(CN)4]
3" + ArX — [ArX-Co(CN)2"] — 

[ArCo(CN)4X]3" • [ArCo(CN)5]
3" + X" — 

[Co(CN)4]
3- + ArCN 

By the application of electrochemical kinetic mea­
surements, it has recently been shown that cyanation 
of some aryl halides with potassium cyanide may be 
induced electrochemically by using a cell containing 
aqueous potassium bromide and a hanging mercury 
drop as electrode; a silver reference electrode in liquid 
ammonia was employed.46* The reaction is maintained 
at -38 0C and is complete when the wave for ArH 
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TABLE IV. Cyanation of Heterocyclic Halides0 

formula product (halide in substrate) reagent6 solv* 
temp,1" 

0C 
reaction 
time, h 

yield, 
ref 

C6H2N2O2S 5-nitrothiophene-2-carbonitrile (I) 
C5H3N3 pyrazine-2-carbonitrile (F) 
C6F4N2 2,3,5,6-tetrafluoropyridine-4-carbonitrile (F) 
C6H3N2O2 3-nitropyridine-2-carbonitrile (Br) 
C6H4N2 pyridine-2-carbonitrile (Br) 

pyridine-3-carbonitrile (Br) 
C6H4N2O 2-hydroxypyridine-2-carbonitrile (I) 
C7H3N2 pyridine-2,6-dicarbonitrile (Br) 
C7H3N3O 3-hydroxypyridine-3,6-dicarbonitrile (I) 
C7H6N2 indole-5-carbonitrile (Br) 

indole-5-carbonitrile (I) 
indole-5-carbonitrile (Br) 

C7H6N2 3-methylpyridine-2-carbonitrile (Br) 
4-methylpyridine- 2-earbonitrile (Br) 

5-methylpyridine-2-carbonitrile (Br) 
6-methylpyridine-2-carbonitrile (Br) 

C7H7N3 3,5-dimethylpyrazine-2-carbonitrile (Br) 
3,5-dimethylpyrazine-2-carbonitrile (Cl) 

C8H2N4S 2,l,3-benzothiadiazole-6,7-dicarbonitrile (Br) 
2,l,3-benzothiadiazole-5,7-dicarbonitrile (Br) 

C8H5N3S 6-methyl-2,l,3-benzothiadiazole-7-carbonitrile (Br) 
C8H8N2 4-ethylpyridine-2-carbonitrile (Br) 
C9H6N3 quinazoline-4-carbonitrile (Cl) 
C9H6N2 indole-4-carbonitrile (Cl) 

indole-5-carbonitrile (Br) 
indole-7-carbonitrile (Cl) 

C9H10N2 4-propylpyridine-2-carbonitrile (Br) 
C10H4N4 quinoxaline-2,3-dicarbonitrile (Cl) 
C10H5NO2 4-oxochromene-6-carbonitrile (Br) 

4-oxochromene-7-carbonitrile (Br) 
Ci0H6NO3 7-hydroxy-4-oxochromene-8-carbonitrile (Br) 
C10H6N2 quinoline-2-carbonitrile (Cl) 

quinoline-2-carbonitrile (Br) 
quinoline-3-carbonitrile (Br) 
quinoline-3-carbonitrile (Br) 
quinoline-2-carbonitrile (Br) 
quinoline-8-carbonitrile (Cl) 

isoquinoline-4-carbonitrile (Br) 
isoquinoline-5-carbonitrile (Br) 
isoquinoline-6-carbonitrile (Br) 
isoquinoline-8-carbonitrile (Br) 

C10H6N4S 5,6-dimethyl-2,l,3-benzothiadiazole-4,7-dicarbonitrile (Br) 
C10H7N3 3-methylquinoxaline-2-carbonitrile (Cl) 
C10H8N2 l-methylindole-5-carbonitrile (Br) 
C11H6N3OS 5-oxothiazolo[2,3-b]quinazoline-7-carbonitrile (Br) 
C11H7NO2 5-methyl-4-oxochromene-8-carbonitrile (Br) 
C11H9N3 l-benzylpyrazole-4-carbonitrile (Br) 
C11H9N3O 3-ethoxyquinoxaline-2-carbonitrile (Cl) 
C11H10N2O l-acetylindoline-5-carbonitrile (Br) 
C11H15N3 3,5-diisopropylpyrazine-2-carbonitrile (Cl) 
C12H7NO2 2-oxo-6-phenylpyran-3-carbonitrile (I) 
C12H7N3OS 2-methyl-5-oxothiazolo[2,3-6]quinazoline-7-carbonitrile (Br) 
C12H8N2 4-phenylpyridine-2-carbonitrile (Br) 

6-phenylpyridine-2-carbonitrile (Br) 
C12H9NO2 7-methoxy-2-methyl-4-oxochromene-6-carbonitrile (I) 

7-methoxy-2-methyl-4-oxochromene-8-carbonitrile (I) 
C12H9N3 3-methyl-5-phenylpyrazine-2-carbonitrile (Cl) 

5-phenyl-6-methylpyrazine-2-carbonitrile (Cl) 
C12H9N3O2 2-cyanoquinoxaline-3-C02Et (Cl) 
C13H7NS dibenzothiophene-2-carbonitrile (Br) 
C13H9NO2 2-oxo-6-(4-methylphenyl)pyran-3-carbonitrile (I) 
C13H9NO3 2-oxo-6-(4-methoxyphenyl)pyran-3-carbonitrile (I) 
C13H9NO4 6-cyano-4-oxochromene-2-C02Et(Br) 

7-cyano-4-oxochromene-2-C02Et(Br) 
8-cyano-4-oxochromene-2-C02Et (I) 

C13H9NO5 8-cyano-7-hydroxy-4-oxochromene-2-C02Et(I) 
C13H19N3 3,5-diisobutylpyrazine-2-carbonitrile (Cl) 
C14H11NO4 6-cyano-3-methyl-4-oxochromene-2-C02Et(Br) 

8-cyano-6-methyl-4-oxochromene-2-C02Et(Br) 
C14H11N3OS 2-isopropyl-5-oxothiazolo[2,3-6]quinazoline-7-carbonitrile (Br) 
C14H18N4 3,6-diisobutylpyrazine-2,5-dicarbonitrile (Cl) 
C16H9N3 2-phenylquinazoline-4-carbonitrile (Br) 
C16H10N4 l,4-diphenyl-l,2,3-triazole-5-carbonitrile (Cl) 
C16H11N3O2 9-cyanopyrrolo[l,2-c]quinazoline-2-C02Et(Br) 

CuCN 
NaCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
f 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN+KI 
CuCN+KI 
CuCN 
S 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN-

MeCN, r 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
S 

CuCN+KI 
CuCN 
CuCN 
CuCN 
S 

CuCN 
f 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
f 
f 
S 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
f 
CuCN 
CuCN 
CuCN 
f 
CuCN 
NaCN 
CuCN 

B 
F 
A 
-
-
-
N 
A 
B 
L 
L 
K 
O 
O 
O 
O 
O 
P 
A 
A 
A 
A 
O 
-
L 
L 
L 
O 
F 
A 
K 
K 
K 
-
O 
-
-
B 

-
-
-
-
A 
F 
L 
A 
K 
-
F 
K 
A 
A 
A 
O 
O 
-
-
A 
A 
F 
-
A 
A 
K 
A 
C 
C 
A 
A 
E 
reflux 
A 
Q 
F 
A 

reflux 
80 
O 
150 
reflux 
165-170 
120-125 
reflux 
reflux 
reflux 
reflux 
reflux 
-
-
-
-
-
reflux 
reflux 
reflux 
reflux 
reflux 
-
reflux 
237 
reflux 
reflux 
120 
25 
reflux 
reflux 
reflux 
205 
-
-
-
-
200 

250 

reflux 
60 
reflux 
reflux 
reflux 
-
50 
reflux 
reflux 
reflux 
reflux 
-
-
245-250 
235-240 
reflux 
reflux 
45 
240-270 
reflux 
reflux 
reflux 
reflux 
120 
120 
reflux 
reflux 
reflux 
A 
reflux 
reflux 
140 
reflux 

0.6 
1 
0.01 
-
1 

15 
3.5 
6 

10 
10 
4 
-
-
-
-
-

2.5 
3-10 
3.5-4 
5 
-
-

20 
12 
12 

-
3 
4 
6 
6 
4.5 
-
-
-
0.5 

18 

0.75 
0.75 
0.75 
0.75 
6.5 
6 

20 
16 
6 
-
2 
4 
2.5 
2 

16 
-
-
0.17 
0.17 
2.5 
2.5 
2 
6 
2 
2 
6 
3 
3 
3 
2.5 
4 
6 

16 
2.5 
8 
4 

16 

83 
33 
60 
74 
50 
62 
44 
-
57 
38 
73 
71 
10 
28 
52 
66 
95 
80 
50-87 
40-52 
63 
61 
2 
51 
34 
29 
-
67 
67 
20 
28 
93 
63 
92 
60 
80-92 
67 

88 
81 
25 
53 
50 
33 
39 
-
39 
76 
70 
73 
47 
55 
-
60 
67 
58 
63 
58 
66 
44 
36 
55 
55 
82 
68 
67 
66 
77 
43 
52 
70 
76 
87 
75 
14 

117 
62 
61 
118 
42 
119 
72 
120 
38 
121 
121 
122 
123 
123 
124 
123 
123 
69 
47 
19 
19 
19 
124 
125 
65 
66 
77 
126 
86 
92 
26 
26 
68 
80 
43 
80 
43 
37 

127 
127 
127 
127 
19 
86 
81 
76 
26 
128 
86 
122 
47 
129 
76 
124 
124 
114 
114 
47 
47 
86 
130 
129 
129 
131 
26 
26 
26 
47 
26 
131 
76 
47 
70 
60 
132 
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formula product (halide in substrate) reagent6 solv* 
temp, 

0C 
reaction 
time, h 

yield, 
% ref 

C16H9NO2 flavorie-3-carbonitrile (Cl) 
isoflavone-6-carbonitrile (Br) 

C16H12N2O 5-benzyloxyindole-4-carbonitrile (Cl) 
C17H11NO3 6-methoxyisoflavone-5-carbonitrile (I) 

7-methoxyisoflavone-8-carbonitrile (I) 
C17H11N3 5,6-diphenylpyrazine-2-carbonitrile (Cl) 

3,6-diphenylpyrazine-2-carbonitrile (Cl) 
3,5-diphenylpyrazine-2-carbonitrile (Cl) 

C17H12N2O 5-acetyl-5H-dibenz[6,/]azepine-10-carbonitrile (Br) 
C17H13Cl2N3O2 3-(4,5-dichlorothiazol-2-yl)-7-diethylaminocoumarin-4-

carbonitrile (Cl) 
C18H10N4 3,5-diphenylpyrazine-2,6-dicarbonitrile (Cl) 

5,6-diphenylpyrazine-2,3-dicarbonitrile (Cl) 
C19H13NO4 6-cyanoisoflavone-2-C02Et(Br) 

•"SeeTablel. 

CuCN 
CuCN 
CuCN 
CuCN 
CuCN 
f 
f 
f 
CuCN 
CuCN+KI 

f 
f 
CuCN 

K 
K 
L 

-
A 
A 
A 

A 

A 
A 
A 

205 
reflux 
220 
220 
220-225 
reflux 
reflux 
reflux 
reflux 
reflux 

reflux 
reflux 
reflux 

-
4 

12 
0.5 
0.17 
2.5 
2.5 
2.5 
2 
1 

2.5 
2.5 
4 

-
22 
10 

54 
81 
31 
98 
79 
98 

68 
16 
47 

133 
26 
134 
135 
114 
47 
47 
47 
136 
58 

47 
47 
26 

disappears. Cyanation of 4-bromobenzophenone was 
studied and was shown to involve the formation of the 
following species: 

[4-PhCOC6H4Br]- — 4-PhCOC6H4* + B r — 
[4-PhCOC6H4CN]-

In conclusion, it is apparent that the copper(I) 
cyanide reaction involves either an electron-transfer 
process or a ir-complex formed from copper(I) cyanide 
and the aryl halide but the dependence of this reaction 
on the dissolving properties of the solvent requires 
further work to explore the generality of these conclu­
sions. Cyanation by the use of nickel or palladium 
complexes (and probably those of cobalt, although little 
work has been done on this aspect), on the other hand, 
requires that a zero-valent form of the metal be gen­
erated. This requirement is met by triarylphosphine-
nickel, palladium(II) acetate, or a (triphenyl-
phosphine)palladium complex which is then cyanated 
by alkali metal cyanide. 

IV. Practical Aspects of Cyanation 

A. Reactivity of Aromatic Halides 

The reactivity of halogens toward nucleophiles,57 

namely, decreasing in the order: I > Br > Cl > F, 
applies to cyanation of aryl halides; aryl iodides react 
with copper(I) cyanide in iV,iV-dimethylacetamide 
about 40-100 times more readily than do bromides.20 

Nitriles are, therefore, in general obtained more readily 
at low temperature and with shorter reaction time from 
iodides than from the other halides under similar con­
ditions.23 Since bromides are more readily available and 
are quite reactive, they are frequently used as precur­
sors. Other factors, such as the choice of solvent, ratio 
of reactants, and method of isolation of product, play 
a part and no direct and valid comparisons have been 
made of the reactivity of different halides under iden­
tical conditions. Examination of the data given in 
Tables I-IV will give an indication but the original 
papers will have to be consulted for the ratio of reac­
tants and other details which may affect the rate and 
extent of reaction. 

An example of the different reactivities of iodide and 
chloride atoms toward copper(I) cyanide was given in 
section I.14 A parallel difference was demonstrated by 
Takagi et al.23 toward palladium-catalyzed cyanation 
with potassium cyanide of 3-chloroiodobenzene in 

HMPT with sodium ethoxide as cocatalyst. At 100 0C 
for 5.5 h, the product was a mixture of 70% of 3-
chlorobenzonitrile and 21% of benzene-1,3-dicarbo-
nitrile. A similar selectivity was demonstrated for 
trimethylsilyl cyanide toward 4-bromochlorobenzene.52a 

Polyiodides,14 polybromides,18'22,24 and dichlorides22'58 

usually give the corresponding polycarbonitriles but 
selectivity between two (or more) bromine or chlorine 
atoms is sometimes possible, for example, when 4,7-
dibromo-5-nitro-2,l,3-benzothiadiazole is treated with 
copper(I) cyanide in DMF at 75 0C, 7-bromo-5-nitro-
2,l,3-benzothiadiazole-4-carbonitrile (8) was the sole 
product.19 2,3-Dichloronitrobenzene is converted into 
2-chloro-6-nitrobenzonitrile (9),16 and the chlorine on 
the pyran ring of the thiazolylcoumarin (10) is more 
reactive than those on the thiazole.59 

0,N 
'' + CuCN TiT 
N 4 3 % 

(9) 
Et2N 0 . ^ . 0 

S ^ ^ C I + CuCN 
98% 

Et,N 

Replacement of either two or three of the bromine 
atoms of l,3,5-tribromo-2,4,6-trimethylbenzene (11) by 
cyano groups is possible under pressure; at 190 0C for 
0.75 h, one bromine remains but at 205 0C for 1.3 h all 
three are displaced to give the trinitrile (Scheme X).24 

The effect of a pair of pyridine-type nitrogens in a 
1,2,3-triazole ring more than compensates for the com­
paratively unreactive nature of chlorine in the prepa­
ration of l,4-diphenyl-l,2,3-triazole-5-carbonitrile (12) 
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SCHEME X 
Br 

Me^ J^ ,Me 

NC 

which proceeds without the necessity for copper(I) 
cyanide.60 

Ph 
, N . 

Ph-
NaCN 

+ NaCN 

Ca(CN)2 

Examples of a fluorine atom being displaced by 
cyanide are rare but pentafluoropyridine reacts readily 
with copper (I) cyanide at 0 0C in DMF to give a 33% 
yield of 2,3,5,6-tetrafluoropyridine-4-carbonitrile.61 A 
recent patent62 describes the conversion of 2-fluoro-
pyrazine into the corresponding nitrile (13) and claims 
that the 2-chloropyrazine gave only a trace of the nitrile. 
Activation by functional groups attached to the ring 
accounts for the lability of the fluorine atoms of 2,4,6-
trifluorobenzene-l,3,5-tricarbonitrile (14) which are 
cyanated under remarkably mild conditions.63 

B. Choice of Solvent 

Although some of the early examples of the cyana-
tions were effected by heating the halide and copper(I) 
cyanide without a solvent,35,42'64 the use of pyridine38-41 

or quinoline1'2,65,66 was soon recognized to have beneficial 
effects.44,45 Many solvents have been tried in an at­
tempt to find one which enables the reaction mixture 
to be and to remain homogeneous. This would require 
a solvent which would dissolve the aryl halide and 
copper(I) cyanide and any complexes formed between 
the reagents and bases (for example, pyridine) and 
between the products. The ideal solvent would prevent 
the formation of the last named and thus enable the 
free nitrile to be easily isolated. 

iV-Methylpyrrolidin-2-one (NMP) is a good solvent 
for copper(I) cyanide66,67 and DMF dissolves the ni-
trile-copper(I) halide complex.22 These two solvents 
shorten reaction times and simplify isolation of the 
product and are frequently used as will be seen from 
Tables I-IV. 

Many other solvents have been used, for example, 
Me2SO,16,25,33,45 4-methylpyridine,69 nitrobenzene,17,70 

dimethyl sulfone,71 acetonitrile,33 p-xylene,72 toluene,72 

isopentyl alcohol,72 tetrahydrothiophene dioxide,71 

iV^V-dimethylacetamide,20,68,71 tetrahydrofuran (THF),33 

and tetramethylurea (TMU).25 Pyridine may have been 
chosen originally for its good solvent properties but was 

later found to form a complex with copper (I) cyanide 
and this has occasionally been preformed and used as 
a reactant.19 

Suzuki and Hanafusa14 demonstrated that for the 
replacement of one or more iodine atoms, HMPT acts 
as an efficient solvent (which may also have other roles) 
and this has been confirmed by other workers,26,33 al­
though it is not invariably the best solvent.25 However, 
in view of its suspected carcinogenic effect,73 it should 
be used with care (see also section II). Tetramethylurea 
gave better results than heating without solvent, or with 
HMPT or Me2SO for a 2,3-dibromonaphthalene.25 

The rate of a particular cyanation may vary according 
to the solvent used. For example, cyanation of the 
trifluoride (14) proceeded much more slowly and 
needed a higher temperature in diethylene glycol bis-
(methyl ether) than in DMF.62 

The basicity and structure of some compounds which 
are used as solvents was shown to affect the yield of 
nitrile formed when the reaction was conducted in ni­
trobenzene at 180 0C. At the end of this reaction, the 
nitrile was not complexed with the copper halide as is 
usually the case; its isolation was therefore easier. 
Varying amounts of the bases were added to bromo-
benzene, copper(I) cyanide, and nitrobenzene, and 
heated for 3 or 6 h. When the yield was used as a 
measure of efficiency of the base, it appeared that steric 
hindrance played a part: for example, the yield de­
creased in the order: pyridine «= 4-methylpyridine > 
2-methylpyridine > 2,6-dimethylpyridine. Aniline was 
almost as good as pyridine and rather better than 
quinoline while iV,iV-dimethylaniline was useless. The 
basicities of these compounds do not appear to have 
been considered in this study.17 

Since the aromatic nitrile often forms an insoluble 
complex, the ease of isolation of the nitrile is partly 
dependent on the solvent used. The advantage of DMF 
in this respect is mentioned in a previous paragraph. 
The nitrile may be obtained from the complex by one 
of several methods: (a) warming with iron(III) chlo­
ride-hydrochloric acid to oxidize copper (I) to copper (II), 
followed by extraction of the nitrile with toluene;22,74,75 

(b) complexation of copper (I) and copper (II) ions with 
aqueous ethylenediamine and extraction of the nitrile 
with benzene;22,76 (c) addition of an excess of aqueous 
sodium cyanide (which converts the copper(I) complex 
into the soluble sodium cuprocyanide) and removal of 
the nitrile by extraction with benzene;22 (d) acidification 
of the reaction mixture (which contained pyridine) and 
extraction with benzene19,66 or a similar solvent;65,77 (e) 
for reactions in DMF or pyridine, a mixture of dilute 
aqueous ammonia and benzene may be added,18,19,78 

sometimes after distilling off some of the solvent;35 (f) 
the mixture in DMF is oxidized with hydrogen peroxide 
in acid solution and then extracted with benzene;19 (g) 
distillation of the product at reduced pressure; this is 
most convenient in the absence of a solvent;42,43,60,75 (h) 
the product is extracted in a Soxhlet apparatus with 
acetone35 or with methylene chloride;20 (i) reaction 
mixture is poured into water and the precipitate is ex­
tracted with 1,2-dichloroethane.16 

When a thermolabile function is present in the aryl 
halide, a high-boiling solvent is disadvantageous. Al­
though it is possible to maintain the temperature below 
the boiling point of such solvents, it is often more 
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SCHEME XI 
Br 

O2N 

N=NAr 

+ H2C=NOH + CuI 
Et3N. A 

0,N 

N=NAr 

Ar 

NEt5 

NHAc 

convenient to use a lower boiling material. Among the 
commonly used solvents, quinoline (bp 237 0C) and 
NMP (bp 202 0C) are higher boiling than DMF (bp 153 
0C) and pyridine (bp 115 0C). The advantage of using 
these last two is illustrated in section IVC. 

The course of the reaction of 2-bromoacetophenone 
with copper(I) cyanide depends to some extent on the 
solvent chosen. In boiling pyridine, the expected 2-
acetylbenzonitrile was formed in high yield18 but in 
quinoline at about 215 0C the copper complex of tet-
rabenzomonoazaporphine was produced.79 Another 
abnormal product (carbostyril) was obtained when 2-
bromoquinoline was heated with a mixture of potassium 
cyanide and copper(I) cyanide in aqueous ethanol.80 

A variety of solvents has been used in the reactions 
of aryl halides with alkali metal cyanides in the presence 
of catalysts other than copper salts. Palladium-cata­
lyzed reactions proceed well at about 140-150 0C in 
HMPT, tetramethylurea, AT,iV-dimethylacetamide, 
NMP, propylene carbonate, and DMF,23,33 but rather 
poorly in dimethyl sulfoxide, sulfolane, acetic acid, 
1-butanol, diethylene glycol bis(ethyl ether), aceto-
nitrile, and propionitrile.23'33,63 Some of these solvents, 
for example, HMPT and tetramethylurea, gave good 
results even when the reaction temperature was lowered 
to 90 0C.23 However, the presence of other additives 
and the molar proportion of reactants can affect the 
success of the reaction, as was shown by Takagi et al.23 

It appears that a large excess of dissolved CN" ion re­
duces the yield, possibly by forming an inert palladi­
um-cyanide bond. This may explain also why sodium 
cyanide (which has a greater solubility in most solvents) 
cannot replace the potassium salt successfully. In the 
palladium-catalyzed cyanation with trimethylsilyl 
cyanide, anhydrous triethylamine was much superior 
to DMF, acetonitrile, dioxane, or pyridine.528 

A phase-transfer catalyst (such as a crown ether) is 
sensitive to the choice of solvent. In water and benzene, 
sodium cyanide catalyzed by tris(triphenyl-
phosphine)nickel gives good yields of nitrile51 but po­
tassium cyanide gave equally good results in dry 
benzene containing tetrakis(triphenylphosphine)palla-
dium but required a reaction time of 65 h.33 Other 
solvents which have been used with nickel-phosphine 
complexes are ethanol and DMF.49 

C. Unexpected Reactions 

It has already been mentioned that the presence of 
another substituent in the aryl halide sometimes had 

a deleterious effect on cyanation (see section II). 
However, a simultaneous chemical change at another 
site in the molecule occasionally gives rise to an unex­
pected product. Decarboxylation occurred simultane­
ously when 5- or 7-halogenoindole-2-carboxylic acid or 
its 1-methyl derivative was refluxed with copper(I) 
cyanide in quinoline (bp 237 0C).66'77-81 Deethoxy-
carbonylation and cyanation were observed when ethyl 
7-bromo-4-oxochromene-2-carboxylate (15) (and others) 
was heated in NMP (bp 202 0C) but when the lower 
boiling DMF (bp 153 0C) was used, the expected cyano 
ester (16) was obtained in 68% yield.26 

COOEt 

+ CuCN 

Attempted dicyanation of the dibromonaphthalene 
(17, R2 = Me) with copper (I) cyanide in quinoline at 
200 0C gave a low yield of a mononitrile of uncertain 
structure but in tetramethylurea, the major product 
from both ether (17, R1 = H, Me, Et, R2 = Me) and 
ester (17, R1 = Et, R2 = Ac) was the dinitrile (19). This 

+ CuCN 

Br CN 

was accompanied by appreciable amounts of the mo-
nobromo mononitrile (18).25 When the diiodoaceto-
phenone (20) was heated at 100 0C for 3 h with HMPT, 
a monocarbonitrile (21) was the sole product.26 Simi­
larly, attempted cyanation of 5'-chloro-2',4'-di-
hydroxy-3'-iodoacetophenone in DMF or HMPT for 6 
h gave only 5'-chloro-2',4'-dihydroxyacetophenone,26 but 
2',4'-dihydroxy-3',5'-diiodoacetophenone in HMPT at 
100 0C for 3 h yielded 5-acetyl-2,4-dihydroxybenzo-
nitrile (22) in good yield.26 

Reaction of the newly introduced nitrile group with 
an adjacent carboxyl can lead to the formation of an 
imide; thus, 2,5-dibromoterephthalic acid gave a high 
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I 

H C X / I . O H HO ^ . OH 

I ^ ^ Ac N C ^ ^ - ^ ^ A c 

(20) (21) 

Ac. ^ x ,1 Ac. ^ v . CN 

X X +C"CN^ X X 
1 ( 2 2 ) 

yield of the diimide (23) on heating with copper(I) 
cyanide in DMF.82 Similarly, a nitrile and a nearby 

O O 

(23) 

reactive methyl group yielded the pyrrolo[3,2,l-y]-
quinolin-3-one (24) instead of the expected 7-carbo-
nitrile.83 

Br H2N -^ 0 

(24) 

^-s. N ^ c l ^ - \ N ^CN 

r-x' > ^ ^ < + - Mt2SO. so «c r^ T ' ;>r 

QC11X011 - ^ - QC11X011 
(26 ) 

Finally, it is of interest to mention some little-used 
methods of bringing about cyanation of aryl halides. 
Copper(I) thiocyanate in pyridine converts bromo-
benzene and its 2- and 4-methyl homologues into the 
nitriles but many other aryl halides yield only the diaryl 
sulfide.84 A patent85 describes the cyanation of halo-
benzene by treatment with sodium or potassium cya-
nate and carbon monoxide in the presence of a nickel 
or platinum catalyst. 

Reactive halides are displaced when treated at am­
bient or slightly higher temperature with tetra-
methylammonium cyanide to give moderate to good 
yields of the nitrile, for example, 3-ethoxyquinoxaline-
2-carbonitrile (25J.86 

Formaldoxime is a source of nitrile group when 
warmed with an aryl halide at 60 0C in the presence of 
copper (I) iodide and a base (Scheme XI).87 

V. Conclusion 

There are five commonly used methods of preparing 
aryl nitriles (Scheme XII). The method of choice for 
a particular nitrile depends mainly on (a) the availa­
bility of a suitable precursor, (b) the stability of other 
functional groups and/or a heterocyclic ring system 
present in the precursor to various reaction conditions 
which are characteristic of each route, and (c) the 
prospective overall yield of each route. Consideration 
of these factors would probably eliminate (i) route A 

Ellis and Romney-Alexander 

SCHEME XI I 

ArCOCI r ° U t e E- ArCONH2 

when Ar already contains an easily reducible function, 
(ii) route C when the intermediate is thermally unstable 
at 400 0C, and (iii) routes D and E when a function 
capable of being dehydrated is present. 

There are several methods of introducing an iod­
ine88,89 or bromine89-91 atom into an aromatic ring and 
this review shows that there is a variety of effective and 
convenient methods of converting such halides into the 
carbonitriles in acceptable yields. 

Acknowledgments. We thank Dr. H. V. Hudson for 
her assistance in writing this review and Mrs. P. M. 
Brevan for her secretarial expertise. 

References 

(1) Pongratz, A. Monatsh. Chem. 1927, 48, 585. 
(2) Pongratz, A. Monatsh. Chem. 1929, 52, 7. 
(3) von Braun, J.; Manz, G. Liebigs Ann. Chem. 1931, 488, 111. 
(4) Windholz, M., Ed. The Merck Index, 10th ed.; Merck: Rail­

way, 1983; p ORN-79. 
(5) Mowry, D. F. Chem. Rev. 1948, 42, 189. 
(6) Friedrich, K.; Wallenfels, K. In The Chemistry of the Cyano 

Group; Rappoport, Z., Ed.; Interscience: London, 1970; p 67. 
(7) Ellis, G. P.; Thomas, I. L. Prog. Med. Chem. 1974, 10, 245. 
(8) Lindley, J. Tetrahedron 1984, 40, 1433. 
(9) Kurtz, P. In Houben-Weyl Methoden der Organischen Che-

mie, 4th ed.; Muller, E., Ed.; Georg Thieme: Stuttgart, 1952; 
Vol. 8, Part III, p 302. 

(10) Rosenmund, K. W.; Struck, E. Chem. Ber. 1919, 52, 1749. 
(11) von Braun, J.; Anton, E. Chem. Ber. 1934, 67, 1051. 
(12) Alfred Pongratz (1897-1977) was a professor of chemistry at 

the University of Graz and also worked at Lannacher-Heil-
mittelwerke. Julius von Braun (1875-1939) was a professor 
of chemistry at the University of Frankfurt-am-Main. R. S. 
Cahn and L. F. Fieser were among his collaborators in the 
1920s. K. W. Rosenmund worked at the University of Berlin 
and later at the University of Kiel. 

(13) von Koten, G.; Noltes, J. G. In Comprehensive Organo-
metallic Chemistry; Wilkinson, G., Ed.; Pergamon: Oxford, 
1982, Vol. 2, p 709. 

(14) Suzuki, H.; Hanafusa, T. Synthesis 1974, 53. 
(15) BeIf, L. J.; Buxton, M. W.; Fuller, G. J. Chem. Soc. 1965, 

3372. 
(16) Haken, P. t. Br. Patent 861898,1961; Chem. Abstr. 1961, 55, 

17581. 
(17) Ito, T.; Watanabe, K. Bull. Chem. Soc. Jpn. 1968, 41, 419. 
(18) Akanuma, K.; Amamiya, H.; Hayashi, T.; Watanabe, K.; 

Hata, K. Nippon Kagaku Zasshi 1962, 81, 333. 
(19) Pilgram, K.; Skiles, R. D. J. Heterocycl. Chem. 1974, U, 777. 
(20) Couture, C ; Paine, A. J. Can. J. Chem. 1985, 63, 111. 
(21) Fitton, P.; Rick, E. A. J. Organomet. Chem. 1971, 28, 287. 
(22) Friedman, L.; Shechter, H. J. Org. Chem. 1961, 26, 2522. 
(23) Takagi, K.; Okamoto, T.; Sakakibara, Y.; Ohno, A.; Oka, S.; 

Hayama, N. Bull. Chem. Soc. Jpn. 1975, 48, 3298. 
(24) Weis, C. D. J. Org. Chem. 1962, 27, 2964. 
(25) Krepelka, J.; Vancurova, I.; Holubek, J. Coll. Czech. Chem. 

Commun. 1981, 46, 1523. 
(26) EUis, G. P.; Hudson, H. V. J. Chem. Res., Synop. 1985, 372; 

J. Chem. Res., Miniprint, 1985, 3830. 
(27) Orshak, V. V.; Teplyakov, M. M.; Dmitrenko, A. V.; Kak-

auridge, D. M. Polymer Sci. USSR (Engl. Transl.) 1980, 22, 
256. 

(28) House, H. O.; Fischer, W. F. J. Org. Chem. 1969, 34, 3626. 
(29) Takagi, K.; Okamoto, T.; Sakakibara, Y.; Oka, S. Chem. Lett. 

1973 471. 
(30) Dalton, J. R.; Regen, S. L. J. Org. Chem. 1979, 44, 4443. 
(31) Regen, S. L.; Quid, S.; Liaw, S. J. J. Org. Chem. 1979, 44, 

2029. 



Cyanation of Aromatic Halides Chemical Reviews, 1987, Vol. 87, No. 4 793 

(32) At least one chemical supplier (BDH Chemicals, Poole, 
England) offers alumina impregnated with potassium cyanide 
as a granular material which is convenient to use and remove 
from the reaction mixture. 

(33) Prochazka, M.; Siroky, M. Coll. Czech. Chem. Commun. 
1983, 48, 1765. 

(34) Cotter, B. R. U.S. Patent 4211721,1980; Chem. Abstr. 1981, 
94, 15412. 

(35) Koelsch, C. F. J. Am. Chem. Soc. 1936, 58, 1328. 
(36) Mosettig, E.; van de Kamp, J. J. Am. Chem. Soc. 1932, 54, 

3328. 
(37) Fieser, L. F.; Hershberg, E. B. J. Am. Chem. Soc. 1940, 62, 

1640. 
(38) Bojarska-Dahling, H.; Swirska, A. Rocz. Chem. 1953,27, 258. 
(39) de Diesbach, H.; van der Weid, E. HeIv. Chim. Acta 1927,10, 

886. 
(40) Mowry, D. T.; Renoll, M.; Huber, W. F. J. Am. Chem. Soc. 

1946, 68, 1105. 
(41) Helberger, J. H.; von Rabeg, A. Liebigs Ann. Chem. 1937, 

531, 229. 
(42) Craig, L. C. J. Am. Chem. Soc. 1934, 56, 231. 
(43) Gilman, H.; Spatz, S. M. J. Am. Chem. Soc. 1941, 63,1553. 
(44) Koelsch, C. F.; Whitney, A. G. J. Org. Chem. 1941, 6, 795. 
(45) Bacon, R. G. R.; Hill, H. A. O. J. Chem. Soc. 1964, 1097. 
(46) Sato, M.; Motoyama, L; Hata, K. Bull. Chem. Soc. Jpn. 1970, 

43, 2972. (a) Amatore, C ; Saveant, J. M.; Combellas, C ; 
Robeveille, S.; Thiebault, A. J. Electroanal. Chem. 1985,184, 
25. 

(47) Akita, Y.; Shimazaki, M.; Ohta, A. Synthesis 1981, 974. 
(48) Sekiya, A.; Ishikawa, N. Chem. Lett. 1975, 277. 
(49) Cassar, L.; Ferrara, S.; FoS, M. "Advances in Chemistry 132; 

Homogeneous Catalysis II; Gould, R. F. Ed.; American 
Chemical Society: Washington, DC, 1974; p 252. 

(50) Cassar, L. J. Organomet. Chem. 1973, 54, C57. 
(51) Cassar, L.; Foa, M.; Montanari, F.; Marinelli, G. P. J. Orga­

nomet. Chem. 1979, 173, 335. Cassar, L. Ann. N. Y. Acad. 
ScL 1980, 333, 208. 

(52) Funabiki, T.; Nakamura, H.; Yoshida, S. J. Organomet. 
Chem. 1983, 243, 95. (a) Chatani, N.; Hanafusa, T. J. Org. 
Chem. 1986, 51, 4714. 

(53) Chatt, J.; Shaw, B. L. J. Chem. Soc. 1962, 5075. 
(54) Davison, J. B.; Peerce-Landers, P. J.; Jasinski, R. J. J. Elec-

trochem. Soc. 1983, 130, 1862. 
(55) Takagi, K.; Okamoto, T.; Sakakibara, Y.; Ohno, A.; Oka, S.; 

Hayama, N. Bull. Chem. Soc. Jpn. 1976, 49, 3177. 
(56) Henry, P. M. J. Org. Chem. 1971, 36, 1886. 
(57) Sykes, P. A Guidebook to the Mechanism in Organic Chem­

istry 5th ed.; Longman: London, 1981; pp 97, 168. 
(58) McNulty, J. S.; Miller, J. F. Ind. Eng. Chem. Proc. Des. Deu. 

1969, 8, 96. 
(59) Seng, F.; Clausseu, U.; Beck, G.; Sasse, K. Eur. Patent 

101897, 1984; Chem. Abstr. 1984, 101, 8712. 
(60) Smith, P. A. S.; Wirth, J. G. J. Org. Chem. 1968, 33, 1145. 
(61) Banks, R. E.; Haszeldine, R. N.; Young, I. M. J. Chem. Soc. 

C 1967, 2089. 
(62) Zergenyi, J.; Raz, B. Eur. Patent Appl. 122 355,1984; Chem. 

Abstr. 1985, 102, 62275. 
(63) Friedrich, K.; Oeckl, S. Chem. Ber. 1970, 103, 3951. 
(64) Long, L.; Burger, A. J. Org. Chem. 1941, 6, 852. 
(65) UhIe, F. C. J. Am. Chem. Soc. 1949, 71, 761. 
(66) Singer, H.; Shive, W. J. Org. Chem. 1955, 20, 1458. 
(67) Newman, M. S.; Phillips, D. K. J. Am. Chem. Soc. 1959,81, 

3667. 
(68) Newman, M. S.; Boden, H. J. Org. Chem. 1961, 26, 2525. 
(69) Kroener, M.; Scheuk, W. Ger. Offen. 3 242 266,1984; Chem. 

Abstr. 1984, 101, 110959. 
(70) Meerwein, H.; Laasch, P.; Mersh, R.; Nentwig, J. Chem. Ber. 

1956, 89, 224. 
(71) Harris, H. E.; Herzog, H. L. U.S. Patent 3259646, 1966; 

Chem. Abstr. 1966, 65, 13621. 
(72) Brockmann, F. W.; van Veldhuizen, A.; Janssen, H. Reel. 

Trav. Chim. Pays-Bas 1962, 86, 792. 
(73) Seebach, D. Chem. Br. 1985, 21, 632. 
(74) Jones, T. H.; Blum, M. S.; Fales, H. M. Synth. Commun. 

1981, 889. 
(75) Barton, J. W.; Chaudri, T. A.; Gaskin, P.; Whitaker, K. E. J. 

Chem. Soc, Perkin Trans. 1 1972, 717. 
(76) LeMahieu, R. A.; Carson, M.; Welton, A. F.; Baruth, H. W.; 

Yaremko, B. J. Med. Chem. 1983, 26, 107. 
(77) Singer, H.; Shive, W. J. Am. Chem. Soc. 1955, 77, 5700. 

(78) Newman, M. S. In Organic Synthesis; Horning, E. C , Ed.; 
Wiley: New York, 1955; Coll. Vol. Ill, p 631. 

(79) Helberger, J. H. Liebigs Ann. Chem. 1937, 529, 205. 
(80) Janssen, H. E.; Wibaut, J. P. Rec, Trav. Chim. Pays-Bas 

1937, 56, 709. 
(81) Kunori, M. Nippon Kagaku Zasshi 1962, 83, 839; Chem. 

Abstr. 1963, 59, 1573. 
(82) Lawton, E. A.; McRitchie, D. D. J. Org. Chem. 1959, 24, 26. 
(83) Gall, W. G.; Astill, B. D.; Boekelheide, V. J. Org. Chem. 1955, 

20, 1538. 
(84) Rosenmund, K. W.; Harms, H. Chem. Ber. 1920, 53, 2226. 
(85) Harris, J. F. U.S. Patent 3 755 409, 1973; Chem. Abstr. 1973, 

79, 104970. 
(86) Herrmann, K.; Simchen, G. Liebigs Ann. Chem. 1981, 333. 
(87) ICI, BeIg. Patent 869 363,1979; Chem. Abstr. 1979, 91, 58687; 

Br. Patent 2001967, 1980; U.S. Patent 4192800, 1980. 
(88) (a) Buu-Hoi, N. P.; Xuong, N. D.; Lavit, D. J. Chem. Soc. 

1954, 1034. (b) Ahluwalia, V. K.; Prakash, C ; Singh, R. P. 
Tetrahedron 1979, 35, 2081. (c) Pizey, J. S. In Synthetic 
Reagents; Pizey, J. S., Ed.; Ellis Horwood: Chichester, 1977; 
Vol. 3, Chapter 3. 

(89) Buehler, C. A.; O'Brien, D. E. Survey of Organic Synthesis; 
Wiley: New York, 1970, 1977; Vol. 1 and 2, Chapter 7. 

(90) (a) Podall, H. E.; Foster, W. E. J. Org. Chem. 1958, 23, 280. 
(b) Pearson, D. E.; Wysong, R. D.; Breder, C. V. J. Org. 
Chem. 1967, 32, 2358. 

(91) Ellis, G. P.; Thomas, I. L. J. Chem. Soc, Perkin Trans. 1 
1973 2781 

(92) Hudson, H. V. Ph.D. Thesis, University of Wales, 1984, p 236. 
(93) Kovshev, E. I.; Solov'eva, L. I.; Mikhalenko, S. A.; Luk'yan-

ets, E. A. Zh. Vses. Kim. O-va 1976, 21, 465; Chem. Abstr. 
1976, 85, 123531. 

(94) Marvel, C. S.; Overberger, C. G. J. Am. Chem. Soc. 1945, 67, 
2250. 

(95) Sartori, G.; Consonni, P.; Omodei-Sale, A. J. Labelled 
Compd. Radiopharm. 1983, 18, 545. 

(96) Newman, M. S. J. Am. Chem. Soc. 1937, 59, 2472. 
(97) Snyder, H. R.; Adams, R. R.; Mcintosh, A. V. J. Am. Chem. 

Soc. 1941, 63, 3280. 
(98) Marvel, C. S.; Frank, R. L.; Prill, E. J. Am. Chem. Soc. 1943, 

65, 1647. 
(99) Haber, R. G.; Ebnother, A.; Schmid, H. HeIv. Chim. Acta 

1956, 39, 1529. 
(100) Wallenfels, K.; Friedrich, K. Tetrahedron Lett. 1963, 1223. 
(101) Herold, D. A.; Rieke, R. D. J. Org. Chem. 1979, 44, 1359. 
(102) Fuson, R. C ; Kneisley, J. W.; Rabjohn, N.; Ward, M. L. J. 

Am. Chem. Soc. 1946, 68, 533. 
(103) Pawlowski, G.; Hanack, M. Synthesis 1980, 287. 
(104) El-Bayonmy, K.; Hecht, S. S. J. Labelled Compd. Radiop­

harm. 1981, 18, 973. 
(105) Taylor, E. C; Shvo, Y. J. Org. Chem. 1968, 33, 1719. 
(106) Callen, J. E.; Dornfield, C. A.; Coleman, G. H. In Organic 

Synthesis; Horning, E. C , Ed.; Wiley: New York, 1955; 
Collect. Vol. Ill , p 212. 

(107) Goldberg, M. A.; Ordas, E. P.; Carsch, G. J. Am. Chem. Soc. 
1947, 69, 260. 

(108) Bachmann, W. E.; Kloetzel, M. C. J. Org. Chem. 1939, 3, 55. 
(109) Bachmann, W. E.; Cronyn, M. W. J. Org. Chem. 1943,8, 456. 
(110) Dufraisse, C; Mathieu, J. Bull. Soc Chim. Fr. 1947, 302; 

Chem. Abstr. 1948, 42, 1923. 
(111) Bradsher, C. K. J. Am. Chem. Soc. 1940, 62, 486. 
(112) Nippon Kayaku Co., Jpn. Kokai 59134770; Chem. Abstr. 

1984,101, 210772. 
(113) Sakai, K.; Ishida, I. Jpn. Kokai Tokkyo Koho J P 60184059; 

Chem. Abstr. 1986, 104, 50689. 
(114) Shah, M. V.; Sethna, S. J. Chem. Soc. 1961, 2663. 
(115) Baker, W.; Barton, J. W.; McOmie, J. F. W. J. Chem. Soc. 

1958,2666. 
(116) Griesbach, H.; Patschke, L. Chem. Ber. 1962, 95, 2098. 
(117) Dann, O. Chem. Ber. 1943, 76, 419. 
(118) Berrie, A. H.; Newbold, G. T.; Spring, F. S. J. Chem. Soc. 

1952, 2042. 
(119) McElvain, S. M.; Goese, M. A. J. Am. Chem. Soc. 1941, 63, 

2283. 
(120) Pearse, G. A.; Wisowaty, J. J. Heterocycl. Chem. 1973, 10, 

647. 
(121) Thesing, J.; Semler, G.; Mohr, G. Chem. Ber. 1962, 95, 2205. 
(122) Ikan, R.; Rapaport, E. Tetrahedron, 1967, 23, 3823. 
(123) Moynehan, T. M.; Schofield, K.; Jones, R. A. Y.; Katritzky, 

A. R. J. Chem. Soc. 1962, 2637. 
(124) Case, F. H.; Kasper, T. J. J. Am. Chem. Soc. 1956, 78, 5842. 
(125) Albert, A.; Armarego, W. L. F.; Spinner, E. J. Chem. Soc. 

1961, 2689. 
(126) Solomon, W. J. Chem. Soc. 1946, 934. 
(127) Tyson, F. T. J. Am. Chem. Soc. 1939, 61, 183. 
(128) Jones, R. G. J. Am. Chem. Soc. 1949, 71, 3994. 
(129) Lyukmanov, N. F.; Kovshev, E. I. Khim. Geterosikl. Goedin. 

1983, 994; Chem. Abstr. 1983, 99, 139698. 
(130) Burger, A.; Bryant, H. W. J. Org. Chem. 1939, 4, 119. 



794 Chemical Reviews, 1987, Vol. 87, No. 4 

(131) Ellis, G. P.; Shaw, D. J. Chem. Soc, Perkin Trans. 1 1972, 
779. 

(132) Bandurco, V. T.; Wong, E. M.; Levine, S. D.; Hajos, Z. G. J. 
Med. Chem. 1981, 24, 1455. 

(133) Newman, M. S.; Ferrari, J. L. Tetrahedron Lett. 1962,199. 

Ellis and Romney-Alexander 

(134) Robinson, P.; Slaytor, M. Aust. J. Chem. 1961,14, 606. 
(135) Chudgar, N. K.; Mani, N. V.; Sethna, S. J. Inst. Chem., 

Calcutta 1970, 42,194; Chem. Abstr. 1971, 74, 87766. 
(136) Ellefson, C. R.; Swenton, L.; Bible, R. H., Jr.; Green, P. M. 

Tetrahedron 1976, 32, 1081. 


