THE Sy MECHANISM IN AROMATIC COMPOUNDS*

XXXV.t COMPARATIVE REACTIVITY OF PENTACHLOROFLUOROBENZENE,
HEXAFLUOROBENZENE, AND FLUOROBENZENE

By J. Mirieri§ and H. W. YrUNG]

In a recent paper! dealing with Sy reactions of perhalogenobenzenes it was
predicted that pentachlorofluorobenzene would be more reactive, replacing fluorine,
than hexafluorobenzene, and this is now confirmed. Hammett substituent constants
(o-) for pentachlorophenyl and pentafluorophenyl groups are derived and compared
with values for ortho- and para-nitrophenyl groups.

Ezxperimental
Materials

The solvent and reagent were prepared as described.!

2,3,4,5,6-Pentachloro-1-fluorobenzene was prepared according to the procedure of Finger
and Kruse? from the commercially available pentachloronitrobenzene, using anhydrous potassium
fluoride in dimethylformamide. The product, recrystallized from 959, ethanol, was obtained as
long white needles of m.p. 137-138° (lit.2 137-138°).

Kinetic Procedure

Generally as described,! but runs were followed by estimating the concentration of reagent
(OMe~) by potentiometric back-titration of excess quenching acid. A check by estimation of
fluoride confirmed the reaction as simple replacement of F by OMe. Good second-order plots
were obtained, more precise by the acid-base method. Experimental kinetic data were measured
over a range of about 30°. Values of rate constants 10%k, (1. mole? sec~?) and temperature are:
3-30, 49-9°; 3-38, 50-1°; 5-53, 59-9°; 13-9, 65-1°; 21-6, 70-1°; 37-3 and 39-6, 80-1°. The
Arrhenius parameters and other derived values are included in Table 1. The error in AE* computed
by least squares is less than the estimated error in AE! of 40-5 keal mole~!. Estimated error
in log,,B is about +0-3.

Product

The product, pentachloroanisole, was isolated from & reaction mixture allowed to proceed
to “infinity”, and was obtained as fine white needles, m.p. 108-109° (lit.? 108-110°).

* Manusecript received June 14, 1966.
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Results and Discussion

On the basis of well-known theories of electron displacement and transmission
of electronic effects, such as are discussed by Ingold,* and using known substituent
effects of halogens in aromatic Sy reactions®® it was predicted! that activation by
para-chlorine exceeds that of para-fluorine by a greater margin than that by which
meta-fluorine exceeds meta-chlorine, and that the difference between ortho-chlorine
and ortho-fluorine is unlikely to affect this relationship. This leads to the conclusion
that in aromatic Sy reactions the pentachlorophenyl group is more activating than
the pentafluorophenyl group, and this view is supported by the known greater acidity
of pentachlorophenol® than of pentafluorophenol.t®

TaBLE 1

COMPARATIVE KINETIC DATA FOR REPLACEMENT OF FLUORINE IN ArF COMPOUNDS
BY METHOXIDE ION IN METHANOL AT 50°

Ar in ArF
Parameter

CeH* CeFyt CeCl,
Rate constant &, (1. mole—? sec—?) 2-16 x 10712 3:01x10~* 3-34x10#
Rate ratios 1 (—) 1-39x 108 (1) [1-545%x10%(11-1)
Hammett] substituent constant (¢~) 0 0-976§ 1-217
AE?# (kcal mole-1)]] 34-9 20-4 18-9
log,o B 11-9; 10-2, 10-34
AS* (e.u.) ~6:0 —13:8 —13-3
TAS?* (keal molet) —1-9; —4-5 —4-3
AG* (keal mole~1) 36-5; 249 23:2

* Bolto, B. A., Liveris, M., and Miller, J., J. chem. Soc., 1956, 750; Miller, J., dust. J.
Chem., 1956, 9, 61.

T Ref. 1.

1 Using Hammett reaction constant (p) = 7-55 (see Miller, J., Aust. J. Chem., 1956, 9, 61).

§ Using #th rate ratio (= 2-32 x 107) for statistical reasons (see text).

| Equal to AH? in these solution reactions.

With first row nucleophiles in protic solvents the mobility of aromatic fluorine
is substantially greater than that of chlorine,!! the mobility ratio being of the order
of 10% with methoxide ion, so that with one mole of reagent only replacement of
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fluorine occurs in reaction with pentachlorofluorobenzene. The predicted relationship
can then be readily confirmed by comparing the mobility of fluorine in this compound
with hexafluorobenzene, which has already been reported.!'? Hammett substituent
constants for the halogenophenyl group may be obtained by further comparison
with fluorine mobility in fluorobenzene.!® The experimental data are given in Table 1.

The relative reactivity C,Cl,F/C F, is 11-1 at 50°. Allowance for there being
six equivalent replaceable fluorine atoms in hexafluorobenzene and only one in
pentachlorofluorobenzene leads to the relative group activating power C¢Cl;/C Fy =
66-6. This results from the relative activating power p-Cl>»-F substantially exceed-
ing m-F>m-CL,5-% and being unchanged by the effects in the ortho position. The
difference in reactivity of 11-1 is due entirely to a lower value of AE?* in pentachloro-
fluorobenzene, the values of log;,B being the same as in hexafluorobenzene within
experimental error. Like the pentafluorophenyl group, the pentachlorophenyl
group is therefore powerfully activating. The Hammett substituent constants (o)
for C,F, and C,Cl; groups obtained by comparisons with fluorobenzene are 0-976
and 1217 respectively, the CgCl; group being about as activating as ortho- or
para-CgHNO, groups, values for which at 50° are 1-219 and 1-270 respectively.l4
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