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Irradiation of electron-donating substituted phenyl halides

(fluorides and chlorides) or esters (mesylates, triflates and

phosphates) in aqueous MeCN in the presence of KCN gives

the corresponding benzonitriles in 48 to 100% yield through an

ArSN1 reaction with the intermediacy of a triplet phenyl cation.

Benzonitriles find large application as agrochemicals and pharma-

ceuticals. The classical preparations require a stoichiometric

amount of copper(I) cyanide and form equimolar amounts of

heavy metal waste as byproducts. These are the Rosenmund–von

Braun reaction (Scheme 1, path a), usually carried out at a high

(>150 uC) temperature, and the Sandmeyer reaction (path b),

where the low stability of aryldiazonium salts is a limitation.

Fortunately, the catalytic version of these reactions has been

recently reported1 and palladium-catalyzed cyanations2 (path c)

have been developed for many phenyl halides (mainly iodides or

bromides) or esters (e.g. triflates).

However, several limitations remain, such as the cost of the Pd

catalyst, the removal of the metal at the end of the reaction, the use

of hazardous phosphine ligands and in some cases the poor

reproducibility of the yields. Furthermore, the cyanide ion tends to

deactivate the catalyst3,4 and this fact introduces limitations on the

choice of the solvent and cyanide source.5

A mild alternative for the synthesis of benzonitriles would be

substituting light for the metal catalyst for activating Ar–X bonds.

Indeed, a systematic study has shown that electron-donating

substituted phenyl halides and esters undergo photoheterolysis in a

polar medium and yield the corresponding phenyl cations (Ar+) in

the triplet state. The electronic distribution in this state makes it

similar to a carbene rather than to a localized carbocation and

leads to a peculiar reactivity. As an example, addition to p

nucleophiles such as olefins and aromatics takes place selectively

with little or no competition by solvents such as alcohols or

water.6,7

We wondered whether these intermediates might be trapped by

cyanide as well, thus opening a new path to benzonitriles

(Scheme 1, path d).

Thus, we tested the photoreactivity of a series of phenyl halides

or esters by irradiation (l = 310 nm). A 1 : 3 (or 1 : 1) water–

acetonitrile mixture was chosen as the solvent because it allowed

the dissolution of both the organic reagent and of the cyanide

source (KCN) and was thought to favor photoheterolysis of the

precursor (compare ref. 7).

In the event, substitution of the nucleofugal group consistently

took place and led indeed to benzonitriles in good to excellent

yields with no competing formation of hydroxyphenyl derivatives

(see Table 1 and Scheme 2).{
As an example, 4-chloroaniline (1a, 0.01 M) gave 4-aminoben-

zonitrile (9) quantitatively (GC assessed) when irradiated for 15h

in the presence of KCN 0.1 M. This product was obtained in 62%

isolated yield after purification by column chromatography when

starting from 0.05 M 1a. A further concentration increase was

impractical, because of competitive absorption by the benzonitrile

formed, which progressively slowed down the conversion rate.

Interestingly, 4-fluoroaniline 1b could be substituted for the

chloro analogue 1a, although a larger amount of KCN (0.3 M)

was required in order to reach a satisfactory yield.8 This involved

shifting to a water–MeCN 1 : 1 mixture in order to have a

homogeneous solution. On the other hand, photolysis of 4-bromo-

and 4-iodoaniline gave 4-aminobenzonitrile in respectively 41 and

6% yield with the concomitant formation of aniline (20–30%, see

Table 1). The poor results in the last case can be attributed to the

increasing role of homolytic fragmentation with heavier halogens.9

The effect of changing the substituent position was then

explored. Thus, 2-chloroaniline (2a) gave 2-aminobenzonitrile

(10) in a 53% isolated yield, although not reaching complete

consumption (90% in 40 h). Benzonitrile 10 was also formed from

2-fluoroaniline (2b), although in a low yield (22%). In contrast, the

photocyanation reaction was unsatisfactory with 3-chloroaniline

(3), and 3-aminobenzonitrile was formed in only 19% yield.

Tertiary amines were convenient precursors. 4-N,N-Dimethyl-

aminobenzonitrile (12) was obtained starting both from 4-chloro-

N,N-dimethylaniline and from the mesylate and phosphate esters

of 4-N,N-dimethylaminophenol. In the first case a 93% yield was

obtained with a 0.5 M cyanide concentration (with the more

soluble Bu4NCN replacing KCN). To our knowledge, this is the
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Scheme 1 Pathways for the synthesis of benzonitriles.
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first example of the synthesis of a benzonitrile starting from an aryl

phosphate. Indeed, the above aryl esters are cleanly converted into

the nitriles by substitution of a sulfonate or phosphate group with

no competing cleavage of the ArO–S or ArO–P bonds.

Application to other phenyl derivative bearing O- or S-bonded

electron-donating substituents was likewise successful. Thus, both

4-chloroanisole or 4-methoxyphenyl mesylate and triflate gave

4-methoxybenzonitrile in excellent yield (up to 90%). Since the

esters 5b and 5c did not absorb efficiently the wavelength range

used, sensitization by acetone (0.9 M) was successfully adopted.

4-Chlorophenol was converted into 4-cyanophenol (14, 54%)

accompanied by some phenol (12%). A cleaner reaction occurred

with 4-fluorophenol, which gave compound 14 in 69% yield. The

successful preparation of nitrile 14 directly from a 4-halophenol,

avoiding the OH protection–deprotection sequence often required

in metal mediated processes is noteworthy.

4-(Methylthio)benzonitrile was formed in 53% yield from

4-chlorothioanisole (7, 0.01 M). The yield was 57% when starting

from 0.03 M 7 although some thioanisole (8%) was formed under

these conditions.

5-Cyano-benzo[1,3]dioxole (77%, isolated yield) was obtained

from chlorobenzodioxole (0.05 M) by using a moderate excess of

KCN (0.1 M).

To summarize, a mild photoinduced cyanation reaction could

be accomplished at room temperature starting from electron-rich

phenyl halides and esters, which is complementary to the thermal

reactions that are most effective with electron-poor derivatives.2

Table 1 Photoinduced synthesis of electron-donating substituted benzonitriles

Phenyl halide or ester (concentration/M) KCN/M Time/h Benzonitrile Yielda (%)

p-H2N–C6H4–Cl (1a, 0.01) 0.1 15 100 (62)b

p-H2N–C6H4–F (1b, 0.05) 0.3c 17 71
p-H2N–C6H4–Br (1c, 0.01) 0.1 22 41d

p-H2N–C6H4–I (1d, 0.01) 0.1 22 6e

o-H2N–C6H4–Cl (2a, 0.01) 0.3c 40 53b,f

o-H2N–C6H4–F (2b, 0.01) 0.1 18 22

m-H2N–C6H4–Cl (3, 0.01) 0.3c 40 19b,f

p-Me2N–C6H4–Cl (4a, 0.01) 0.1 17 57
p-Me2N–C6H4–Cl (4a, 0.05) 0.5g 17 93
p-Me2N–C6H4–OMs (4b, 0.025) 0.3c 17 56b

p-Me2N–C6H4–PO4Et2 (4c, 0.01) 0.1 18 70

p-MeO–C6H4–Cl (5a, 0.01) 0.1 22 90
p-MeO–C6H4–OMs (5b, 0.01) 0.1 24 48h

p-MeO–C6H4–OTf (5c, 0.01) 0.1 24 64h

p-HO–C6H4–Cl (6a, 0.01) 0.1 40 54i

p-HO–C6H4–F (6b, 0.01) 0.1 24 69

p-MeS–C6H4–Cl (7, 0.01) 0.1 30 53 (57)b,j

(8, 0.05)

0.1 20 77b

a GC yields. b Isolated yields, see ESI. c Water–MeCN 1 : 1 as the solvent. d Aniline (22%) was formed as a byproduct. e Aniline (31%) was
formed as a byproduct. f Yields based on 90% consumed chloroaniline. g 4-Chloro-N,N-dimethylaniline (0.05 M) irradiated in the presence of
Bu4CN (0.5 M). h Reaction carried out in the presence of 0.9 M acetone, see text. i Phenol (12%) was also formed in the reaction. j Thioanisole
(8%) was also isolated from the end mixture.

Scheme 2 Preparation of benzonitriles by irradiation of phenyl halides

or esters.
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In the previous literature, there are sparse examples of

introducing a cyano group by photonucleophilic substitution

reactions.10 These have been usually carried out at a low

concentration (,1024 to 1023 M). Various mechanisms have been

proposed, including in one case a SN1 mechanism.11

The present reaction clearly involves a unimolecular path (see

again Scheme 1, path d).12 In fact, the quantum yield of reaction of

4-chloroaniline (1023 M) in water–acetonitrile 1 : 3 is Wr = 0.78

and aniline is the only product.13 The addition of KCN (from

1023 M to 0.02 M) did not affect the overall quantum yield (Wr),

while proportionally substituting the nitrile 9 for aniline. Likewise,

4-bromoaniline showed a Wr = 0.04 virtually independent of the

presence of KCN.

The results are in accordance with the formation of triplet

phenyl cations as key intermediates, as expected from previous

studies.6,9,14 These species are either reduced in neat solvents or

trapped by cyanide. With respect to our previous work, new

phenyl cation precursors have been introduced, viz. 4-bromoani-

line, 4-fluorophenol and 2-chloroaniline, while 4-iodo- and

3-chloroaniline have been shown to be unsuitable.15

The photochemical method can not compete with the metal

mediated reactions in term of scope (the process being applicable

only to the synthesis of electron-rich benzonitriles) and requires

relatively dilute conditions (0.01 to 0.05 M). However, yields are

good to excellent, although reduction may compete to some extent

and this simple method offers some advantages. Thus, the use (and

the disposal) of delicate and toxic metal catalysts are avoided and

the mild conditions contrast with those required for the metal

catalyzed cyanation of aryl chlorides (e.g. high temperature and

the use of a pressure tube apparatus).3,16 In contrast to the

deactivation observed in the metal catalyzed process, the present

reaction adequately tolerates the use of an excess of KCN, a

relatively inexpensive cyanating agent. Indeed, the yields are

generally improved by increasing the amount of cyanide ion.

Furthermore, the photochemical method applies to precursors less

susceptible to thermal reactions. As an example, phenyl chlorides

and fluorides perform well here, while iodides and bromides are

mostly used in the thermal syntheses. In particular, the thermal

replacement of a fluoride with a cyano group met with some

success only with derivatives strongly activated by electron-

withdrawing groups.17

Likewise, phenyl esters, easily synthesized from the correspond-

ing phenols, have been rarely used for thermal substitution by a

cyano group,18 while these give good results in the present

reaction. This two step sequence results in the straightforward

substitution of a CN for an OH group via the esters. The

experimentally simple synthesis of benzonitriles presented here

overcomes some drawbacks of the thermal reactions, such as the

price of the catalyst and the removal of toxic metal waste. This

advantage and the large scope should make it a viable synthetic

alternative.
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