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Abstract 
Halogen-exchange of chloroaryl sulfonylchloride derivatives with spray-dried potassium 
fluoride was found to proceed efficiently by employing tetraphenylphosphonium bromide 
as a catalyst. Subsequent desulfonylation of the fluoroaryl sulfonyl derivatives readily 
afforded fluoroaromatics under acidic condition. 

Recent studies in our laboratory have been directed towards the de- 
velopment of methodologies suitable for the preparation of aryl fluorides via 
the ‘Halex’ reaction 11. Halex fluorination of aryl chlorides is well documented 
and can generally be a high-yielding process if there are strong electron- 
withdrawing groups situated or&o and/or para to the chlorine substituents 
of the aryl chlorides. 

A very limited number of examples, however, are found in the literature 
for the reaction of chloro-substituted aryl sulfonyl chlorides (1) with potassium 
fluoride (KF’). The only reported methods for the Halex fluorination of 1 are 
(a) a reaction in an autoclave at 275-290 “C without solvent [2] and (b) a 
reaction in the presence of t&(3,6,9-trioxadecyl)amine in an aprotic solvent 
]3]. 
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These reactions seem not to be applicable to the large-scale preparation 
of fluoroaryl sulfonyl fluoride (2) due to the rather low yield (40-609/o) and/ 
or the use of tedious reaction conditions. 

We and others have recently reported that tetraphenylphosphonium 
bromide (Ph,PBr) is a superior catalyst for Halex fluorinations [l, 4, 51. 
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During the course of these studies, we became interested in the Halex 
fluorination of 1 catalyzed by Ph4PBr, because this reaction followed by 
desulfonylation would seem to be a new route to fluoroaromatics. 

In a typical experiment, a mixture of 4-chlorobenzene sulfonyl chloride 
(105 g, 0.5 mol), spray-dried KF (116 g, 2 mol), Ph,PBr (21 g, 0.05 mol) 
and anhydrous sulfolane (30 g) was stirred for 2 h at 215 “C after azeotropic 
dehydration by toluene. After cooling, the mixture was diluted with di- 
chloromethane (0.5 1) and then filtered to remove inorganic matter. The 
residue was concentrated and distilled to give pure 4-fluorobenzene sulfonyl 
fluoride (78 g, 88%) having a boiling point of 63-64 “C/4 mmHg and ‘H 
NMR, IR and mass spectra identical with those of an authentic sample. The 
preparation of several varieties of 2 are listed in Table 1. Simple work-up 
of the reaction mixture gave virtually pure product. 

Next, transformation of 2 to fluoroaromatics through desulfonylation 
was examined. Thus, 2,4-difluorobenzene sulfonyl fluoride was hydrolyzed 

TABLE 1 

Preparation of fluoroaryl sulfonyl fluoride derivatives 

KF Catalyst Temp. Tme (GC YIeldi%) 
Run la S0lveIlt 2 BP 

(ewv) (ewv) OC h [Isolated yleldE/$’ 
- - 

1 CI~SO,CI 4.0 Ph4PBr (0 1) Slllfolane 215 2 FeSOpF 

2 ,I 

3 n 

4 I, 

Cl 

5 CI+o,cI 

6 C$SOFI 

CH, Cl 

7 cI+o,cI 

8 ,I 

Cl 

9 

40 r, 215 2 I, 

3.0 DMAPBP (0.1) ” 210 5 I, 

4.0 Ph4PBr (0 1) 3.4.Dlchloro- ref,ux , I, 
toluene 

F 

4.0 Ph4PBr(0.1) Sulfolane 160 4 F+O,F 

4.0 Ph4PBr (0 1) ,I 160 5 $SW 

CH, F 

4.0 Ph4PBr(0.1) ,I 200 1.5 F+O,F 

40 Ph4PBr (0.1) ,;;;z;d”;;;;e 200 1.5 11 

F 

4.0 Ph4PBr(0.1) Sulfalane 160 4 

,O c$& 4.0 Ph4PBr (0.1) Sulfolane 160 4 

11 C+Q 
CIOpS 

2,5 Ph4PBr (0.05) II 130 16 

(93) PI 

WC 

(74) 

(59) 

1741 

1621 

[741 

WI 

(771 

we 

I901 

63.64W4mmHg 

58.59W4mmHg 

96.97W7mmHg 

11 OWl OmmHg 

103-I 05oc 

l4mmHg 

69.70W2mmHg 

115W0.3mmHg 

a Starting substrates were prepared from the correspondmg aryl chlorides and chlorosulfomc acid. 

b All products gave satisfactory NMR, IR. and MS spectra 

c 70% of chlorobenzene sulfonyl fluonde was gwen 
d 

e Reactjon is not optlmlzed 
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to form sodium 2,4-difluorosulfonate, which was treated in 80% sulfuric acid 
at 200 “C. 1,3-Difluorobenzene, having a low boiling point (82 “C), was 
readily collected, as it distilled from the reaction mixture during the reaction 

F F F 

SOpF aq’NaoH- F+O,Na 8= Fa 

(62% yield) and was identi6ed by GC-MS analysis. Similarly, 2,6-difluoro- 
toluene was produced from 2,4-difhroro-3-methylbenzene sulfonyl fluoride in 
79% yield. 

As described above, we have succeeded in developing a novel catalyzed 
reaction which is useful in the synthesis of fluoroaryl sulfonyl fluoride 
derivatives. The method may offer a new synthetic route to some fluoro- 
aromatics. 
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