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Use of Tetrabutylammonium Cyanide for Photocyanation of Aromatic 
Compounds : Phase Transfer Photochemistry 

By IiErZB BEUGELMANS,* HELENE GINSEURG, ALEXANDRA LECAS, MARIE-THBRESE I,E GOFF, JACQUES PUSSET, 
and GEORGES ROESSI 

(Institut de Chinzie des Substances Naturelles, C.N.R.S., 91 190-Gif/Yvette, France) 

Summary Nucleophilic aromatic photosubstitution can be 
carried out using tetr I x’rylammonium cyanide in 
anhydrous acetonitrile or methylene chloride and also 
under phase-transfer conditions (CH,CI,-KCN in H,O) . 

WE have recently reported1 that photochemical nucleo- 
philic substitution by CN- can advantageously be made to 
take place using 18-crown-6 ether to dissolve KCN in 
anhydrous acetonitrile (Table, conditions A).  We now 
report that this reaction can also be carried out with 
another phase-transfer agent, tetrabutylammonium cyanide,, 

which is, in some cases, even more efficient for aromatic 
photosubstitution (Table, conditions B, C, and D). In 
acetonitrile (conditions 13) the photoreaction takes place 
with aromatic hydrocarbons as well as with nitro-deri- 
vatives ; in comparison with 18-crown-6 ether yields are 
higher for naphthalene and 9-nitrophenanthrene and lower 
for l-nitronaphthalene and 4-nitrobiphenyl. 

When the reaction is carried out in methylene chloride 
(conditions C),  the photosubstitution takes place only for 
the nitro-derivatives. The quantum yield of photosub- 
stitution for l-nitronaphthalene in acetonitrile, @(B), is ca. 

TABLE 

Conditions (A)a Conditions (B)a Conditions (C). Conditions (D)a 

tion Con- tion Con- tion Con- tion Con- 
r I , r a d i a - - n r I r r a d i a - % 7  74 

Starting materials time/h versionb time/h versionb time/h versionb time/h versionb Photoproducts 
Naphthalene . . . .  8 15 8 30 5 0 5 l-Cyano- 

naphthalene 
4-Cyano- 
biphen ylc $ [  d 

l-Nitronaphthalene . . 4 30 20 5 1 15 4 
Biphenyl . . . . 20 50 19 7 5 0 5 
4-Nitrobiphenyl . . 1 80 1 25 3 50 3 
Phenanthrene . .  3 25 4 20 3 0 3 0 
9-Nitrophenanthrene 3 16 3 87 3 3.5 2 90 

a Conditions: (A) KCN-18-crown-6 in anhydrous MeCN; molar ratio KCN to substrate 10 : 1 ; (B) Bu,N+CN- in anhydrous MeCN; 
molar ratio Bu,N+CN- to substrate 1.5 : 1 ; (C) as for (B) but in CH,Cl,; (D) Bu,N+CN- in CH,CI,-~M-KCN in H,O phase-transfer 
system; molar ratio Bu,N+CN- to substrate 0.2 : 1. For (A)-(C), irradiation with a 450 W high-pressure H g  lamp in quartz tubes; 
for (D), irradiation in a photochemical reaction vessel with an  immersed water-cooled quartz finger with rapid argon bubbling and 
vigorous mechanical stirring. C Traces (I %) of another 
monocyano-product were obtained in conditions (B), and a dicyano-product in (D) . d Mixture of two monocyano-compounds with 
the 9-cyano-phenanthrene predominant in conditions (A), (B), and (D). 

b Ratio of photoproduct with respect to starting material measured by g.1.c. 
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0.001 and in methylene chloride, @(C), is ca. 0.1, showing 
tha t  @(C)/@(B) = ca. 100. It is interesting that under 
both conditions (B) and (C) the molar ratio of CK- to 
substrate is 1.5: 1 whereas i t  is 10: 1 under conditions (A) .  
The fact tha t  the photorcaction takes place in methylene 
chloride opens up a pathway to photochemical reaction in 
a phase transfer system. Indeed, conditions (D) not only 
give high yields of cyano-derivatives, but arc very con- 
venient for work u p  (thc organic layer is separated, washed 
with water, and evaporated in gacuo) .  Furthermore, only 

catalytic amounts of tetrabutylammonium cyanide (0.2 mol 
for 1 mol of nitro-derivative) are required. 

We are now investigating the scope of our finding since 
other nucleophiles can be estracted from water by phase 
transfer agents.2 

We thank Dr. L. Eberson, University of Lund, for 
suggesting the use of tetrabutylamnionium cyanide. 
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