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Abstract: Direct and indirect electrochemical reduction of aryl halides in the presence of the uracil 
anion in dimethylsulfoxide yields the corrsponding S-aryl uracils by an SRNI mechanism. 

Nucleophilic aromatic substitution catalyzed by electron injection (electrochemical, photochemical, 

solvated electrons, redox reagents). i.e.. reactions occurring by an SRNI mechanisml, have been shown to 

occur with a large variety of nucleophiles and leaving groups 2. Recently we have shown that pyrimidine anions 

could be good nucleophiles in the context of an SRNl mechanism with perfluoroalkyl iodides as subsuated. 

Introduction of alkyl4a. alkenes. alkynes4bJld, perfluoroalkyl4e~f and aryl4g substituents into pyrimidines, 

appears to be a valuable goal in view of the applications of the resulting species as potential antiviral agents. 

Pytimidines modified at the 5position have been previously prepared by a number of routes. Most methods for 

the preparation of 5substituted pytimidines are based on palladium-catalyzed C-C bond formation at the 5- 

position of uracil or of pyrimidine derivatives 5. Photochemically induced coupling of the S-iodo pyrimidines or 

of the nucleoside derivative has been also describe&. However many of these routes are specific to the particular 

type of group which has to be transferred to the S-position of the pyrimidine ring. In addition, most of these 

procedures require the preparation of specific reagents such as 5hydroxyuracil triflates5a, arylboronic acids5b, 

atyltrimethylstannanes5c and 5-halogenomercuriuracil4a~c in the presence of a palladium catalyst. New and mild 

methods for the synthesis of 5substituted pyrimidines and especially 5-aryl or heteroaryl pyrimidines would 

therefore be worth designing. We describe, in the following, as new examples of electrochemically induced 

SRNl processes involving aryl halides, the reaction of 4-bromobenzophenone, 4-chlorobenzonitrile, I-iodo-4- 

nitro benzene and I-iodo-2-trifluoromethyl benzene with the uracil anion: 
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The occurence of the reaction may be attested by cyclic voltammetry: since in the electrocatalytic process 

no electrons are consumed, the height of the cyclic voltammettic peak of the substrate should decrease upon the 

addition of the nucleophile2a*d. This is indeed what was observed in the case of 4bromobenzophenone and the 

uracil anion (figure lb). However, such a decrease could be only observed with large excesses of nucleophile. 
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demonstrating that the reaction between the nucleophile and the aryl radical is slow. Some hydrogenolysis 

product (benzophenone) also appears as demonstrated by the appearance of a wave at - 2.0 V vs SCE. Upon 

repetitive potential scanning the first wave of the substrate decreases to zero (figure Ic) and a new reversible 

wave, located at - 1.9OV vs SCE (peak potential at 0.2V/s) appears that corresponds to the reduction of the anion 

of the substituted product as checked with an authentic sample (figure Id). 

Figure 1. Cyclic voltammetry of 4-bromobcnzophcnonc in DMSO + O.IM NEt4BF4 at 25°C and reaction producu (a): 4- 
bromobenzophenone (2.56 mM) alone (b): after the addition of 100.1 mM of the uracil anion (c): steady-state voltammogram after 10 
cycles (d): cyclic voltammewy of the 5-(knzophenone)-uracil (2.56 mM) in DMSO + O.lM NEI~BF~ + 4.0 mM of NMe40H at 
25°C. 

Except for the trifluoromethyl derivative, all the substituted products gave a single reversible wave in 

basic dimethylsulfoxide at potentials more negative than the first reduction wave of the substrate. This wave 

corresponds to the reduction of the substituted anion into a stable radical dianion. 

Preparative-scale electrolyses (as reported in the table below) lead to the substituted products7. The 

consumption of electrons is always lower than the ZF/mole required for the reduction of the aromatic halide. 

Besides some unreacted starting material some hydrogenolysis product resulting from hydrogen atom transfer to 

the aryl radical or through further reduction and protonntion is obtained2. These side reactions are responsible for 

the observed consumption of electricity. The rather low yield obtained in the reaction of the I-iodo-2- 

trifluoromethyl benzene with the uracil anion. This may be related to the unstability of the trifluoromethyl group 

in basic dimethylsulfoxide as already observed for the reactions with enolates as nucleophilesg. The yields are 

roughly of the same order as those obtained in the case of the reaction of the uracil anion with petfluoroalkyl 

iodides. We note, that the substitution always take place at the carbon C-5 leading to C-arylated uracils; similar 
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behaviour was observed with perfluoroalkyl iodides3. with the substitution of aryl halides with pyrrole anions9a 

and with phenolates9a. 

Substrate 

4-bro 
benzo$Zenone 
C=3.87xlO-2M 
E=-1 .7OVvs 
SCE 
4-&l 
benxGZ&le 
C=7.27xlO-2M 
E=-2.2Vvs 
SCE 
1 -iodo&titro 
benzene 
G4.0~10’2M 
E=- 1 .OVvs 

Preparative-Scale Electrolysesa 

Ep= -2.35V vs SCEe 

(a): In DMSO + O.lM NEtqBF4 (b): Tetramethylammonium salt (c): lsolatcd yield (d): Famdays per mole of starting ArX (e): peak 
potential at 0.2V/s, C- 1 mM + 1.5 mM of NMe40H. 5H20, in DMSO + O.lM NEuBF4. glassy carbon electmde (f): This 
compound also give a second reduction wave at a potential close to - 2.0 V vs SCE (g): phtalonitrile (1.20 x10e2M) was used as 
mediator. (h): C= 1 mM, in neutral DMSO + O.lM NElqBFq. 

These results provide another example of the possibility to induce electrochemically SRHl reactions 

involving aryl halides, leading to interesting pyrimidines. Despite of moderate yields, this mild and quick 

method, offers the advantage of preparing in one step, useful synthons for the synthesis of nucleosides. 

Pyrimidines nucleosides substituted at the 5-position represent an important class of biologically active 

compounds and some of the 5aryl derivatives have been shown to possess potential antiviral activity against the 

Human Immunodefenciency Virus (HIV)4g. We are now extending the reaction to other aryl and heteroaryl 

halides and to different types of pyrimidines including purines anions as nucleophiles. 
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