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Scheme 1: The competition between H/D exchange and nucleophilic aromatic 

substitution of 1,2,3,4-tetrafluorobenzene (1). 

The basicity of the hydroxide ion was examined by the H/D exchange of the aromatic 

protons. This reaction, which demonstrates the basicity of OH- under the reaction 

conditions, was monitored by proton NHR spectroscopy and the decrease of the aromatic 

proton band relative to an internal standard (mesitylene) was attributed to the H/D 

exchange process. 

The nucleophilicity of the hydroxide ion as examined by the aromatic nucleophilic 

substitution 6f the fluorine atom was followed by W spectroscopy. The decrease of the 

absorption of the 259 nm band was attributed to the nucleophilic displacement. Under 

these basic conditions, the product, i.e., the fluorophenolate ion precipitates from the 

organic phase (CCL) and therefore cannot be detected by UV spectroscopy. 

Figure 1 shows the kinetics of the deuteration and the nucleophilic aromatic 

substitution reactions. It can be seen clearly that the deuteration reaction is faster 

than the nucleophilic aromatic substitution, a fact that illustrates that under these 

kinetic conditions the ability of the OH- to behave as a base is greater than its ability 

to act as a nucleophile. This phenomenon is even more pronounced since part of the 

substrate (1) which participates in the aromatic nucleophilic reaction was first 

deuterated. This process was taken into account by a mathematical iteration process. The 

result is shown on graph C. 
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Aromatic nucleophilic substitutions have been applied under phase transfer catalysis 

conditions, but the role of the hydroxide ion was to create the active nucleophile: 

alkoxide, thiolate. etc.*. The results which were presented in this work are the first 

example of a direct aromatic nucleophilic substitution of OH- under PTC conditions and 

formation of a phenol- derivative. The phenolic product was isolated and identified by 

Figure 1: 
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Deuteration vs. nucleophilic aromatic substitution of 1,2,3,+tetrafluoro- 

benzene ( 1). (a) Nucleophilic aromatic substitution; (b) H/D exchange as 

derived from ‘H NHR; tc) H/D exchange after mathematical iterat’ion process. 

methods’“. Further studies on the properties of the hydroxide ion as a 

nucleophile under PTC conditions are in progress. A representative experiment on (1) was 

carried out in cyclohexane as the organic solvent (24OC, 50X NaOH and BurN’HSO.- as PTC 

catalyst). The results of this experiment are depicted in Figure 2. In this case the 

conversion was rather high (45%). 
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Figure 2: Progress of the nucleophilic aromatic substitution reaction and the product 

identification by GC/M§ analysis. 
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Standard reaction conditions are: (a) Competition experiment - 300 mg (2 nmole) of 
(1). 600 mg, 70% NaOD/D,O, 680 mg (2 nxnole) Bu4N‘HS04-, 5cc Ccl,, 120 mg (1 mmole) 
of mesitylene (only for the H/D exchange experiment). (b) Nucelophilic aromatic 
substitution - 300 mg (2 mmole) of (11, 800 mg 50% NaOH, 680 mg (2 mmole) 
Bu.N-HSO&-, 5 cc cyclohexane, 3h, 24%. 
Standard methods of structure elucidation of the phenol: GC/MS; ‘H NMR, *-F NMR and 
IR spectroscopy. 
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