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rule is applicable in situations where only second-
order effects are operative. 
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PERFLUOROALKYLATION OF AROMATIC 
COMPOUNDS 

Sir: 
While trifluoromethyl-substituted aromatic com­

pounds are well known, *•2'3'4'5 and certain per-
fluoroethyl- and perfiuoropropyl-substituted ben­
zenes have been obtained by much more lengthy 
syntheses,3 '4 ,6 no procedure has been available for 
the direct introduction of perfluoroaikyl groups 
into aromatic nuclei. I t is thus of particular im­
portance to report a very general new reaction for 
the perfluoroalkylation of aromatic compounds, 
based upon free-radical substi tution of aromatic 
hydrogen, which appears to be limited in scope 
only by the stabili ty of the aromatic compound 
under the ra ther strenuous reaction conditions. 

The course of the reaction is indicated by the 
equation 

250° 
ArH -f- 2RfI >• Rf-Ar + RtH + I5 

with yields of 60 to 6 5 % commonly being at ta ined; 
disubstitution also occurs, the corresponding yield 
rising as high as 2 5 % when no excess of aromatic 
compound is present. A wide var iety of aromatic 
hydrocarbons and their derivatives have been 
perfluoroalkylated successfully, examples being 
benzene, toluene, naphthalene, halobenzenes, per-
fluoroalkylbenzenes, benzonitrile, phthalic anhy­
dride, even fully formed dyes. 
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The perfluoroheptylation of benzene provides 
an illustration of the general procedure. Per-
fluoroheptyl iodide was prepared by the method 
of Brice and Simons6; it had b.p. 138.5° and W26D 
1.3274. 

Anal. Calcd. for C7F16I; C, 16.95; F , 57.46. 
Found : C, 17.1; F , 58.1. 

In to a 43 ml. Aminco stainless steel autoclave 
was placed 26.0 g. (0.052 mole) of M-C7F16I and 2.1 
g. (0.027 mole) of benzene. The autoclave was 
sealed, a 3000 p.s.i.-nickel rup ture disk being em­
ployed, and the contents were heated for 15 hours 
a t 250°, then chilled to 0°. The autoclave was 
opened cautiously and rinsed out with 50 ml. of 
cyclo-C6F1207 (b.p. 55°), the free iodine remaining 
undissolved. The solution was fractionally dis­
tilled through a 10-cm. Podbielniak "Heli-pak" 
column. There was obtained 7.2 g. (62%) of 
M-C7F16C6H6, b.p. 200°, W25D 1.3576, and 2.8 g. 
(26%) of (M-C7Fu)2C6H4, b.p. 270°, m.p. 88° 
(after recryst. from cyclo-C6Fi20). 

Anal. Calcd. for C13H6F16: C, 34.99; F, 63.88. 
Found : C, 35.0; F , 64.0. Calcd. for C20H4F30: 
C, 29.50; F , 70.00. Found : C, 29.5; F , 69.9. 

When twice as much benzene was used, disub­
stitution was reduced to 8 % bu t the yield of mono-
substi tuted product was not improved substantially. 

The infrared spectra of such compounds are un­
usually difficult to interpret, owing to the exceed­
ingly strong bands contributed by the perfluoro­
aikyl groups in the "fingerprint region" which 
ordinarily is highly characteristic for aromatic 
derivatives. Retention of the benzenoid structure 
is confirmed by ultraviolet spectroscopy, electro-
philic bromination and nitration, and especially 
by proton and fluorine nuclear spin resonance spec­
troscopy. 

I am particularly indebted to B. W. Nippoldt 
and P. B. Olson for elementary analyses, and to 
Dr. W. E. Keiser and Dr. John McBrady for in­
frared spectroscopy. 
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