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The Mechanism of the Nucleophilic Substitution Reactions of
Polyfluoroarenes

By J. M. BircHALL, M. GREEN, R. N, HAszZELDINE, and A, D. Prrts
(Chemistry Department, University of Manchester Institute of Science and Technology)*

ALTHOUGH the preparative aspects of the nucleo-
philic replacement reactions of polyfluoroarenes
have been extensively explored, until recently?!
there have been no systematic mechanistic studies
of these interesting reactions. The reactions of
hexafluorobenzene with mnucleophiles normally
give monosubstituted products, although thio-
phenoxide ion has been reported to yield the 1,4-
disubstituted product.2  Disubstitution was
attributed? to an unidentified activating effect at
the para-position of the C¢Fy ring in pentafluoro-
phenyl phenyl sulphide. Similar activation by the
bivalent sulphur atom has been observed during
the displacement of chloride from 4-chloro-3-
nitrothioanisole by methoxide ion.?

We now report a kinetic study of the reactions
of the compounds CsF H, CsF;-SMe, and p-X-C,H,*
S:CgFs (where X = H, Cl, or Me) with various
nucleophiles in ethanol; in every case attack by
the nucleophile was detected only at the para-
position, and the kinetic results are tabulated.

It is evident that the SMe group exerts a power-
ful activating effect towards attack on the ring by
both ethoxide and thiophenoxide. Of particular
interest is the reactivity sequence

$-Cl-CgH,S-C4F; > PhS-C,Fy >
$-Me-CgH,-S-CyFy > MeS-CeF; > C,F;H

observed for the reactions with thiophenoxide.
The rate constants for the reactions of the com-
pounds p-X-CgH,-S-CgF;, correlated by the Ham-
mett equation, give a value for p of +42-1. The
differences in reaction rate are considerable for
substituents which are so well removed from the
reaction site.

TaBLE
Rates of veactions of CeFyZ with nucleophiles in ethanol
at 61°
z Nucleophile kq
(l.mol.-1sec.”1 x 104)
H . .. EtO- 7-00
SMe .. .. EtO- 125
H .. . PhS- 1-22
SMe .. .. PhS- 80-8
SPh .. . PhS- 1530
S-CeH,-Cl-p .. PhS— 7250
S-CegHyMep .. PhS- 930

* Carried out in part at the University of Bristol.

This suggests that, at least in the case of the
thioethers, an Sg2-type displacement is not
operating and that, as in many nucleophilic
aromatic substitution reactions,* an intermediate
of some stability is formed by addition of the
nucleophile to the aromatic ring. The general
activating effect of a thiophenoxide substituent
towards nucleophilic attack on the ring can be
ascribed to the stabilisation of the negative charge
in the intermediate by the use of the vacant
d-orbitals of the sulphur atom.® A —I-effect for
X in p-X-CgH,S-CgF; would thus assist in the
stabilisation of the intermediate (e.g.,, X = Cl)
relative to the intermediate where X = H, and a
-+ I-effect (e.g., X = Me) would tend to destabilise
the intermediate:

PhS F
F ~ SPh
¥ ¥ _PhS F F _g F F
F! F F F F F
S-CeHeX X-CoHoS™ X-CeHy'S

Further information concerning the mechanisms
of the reactions of the compounds C¢F,Z (Z = H,
SMe, SPh) with nucleophiles was obtained by a
kinetic study wusing para-substituted thiophen-
oxides (p-Y-C¢H,S—) in ethanol under conditions
(50—70°) which gave exclusively the product
P-Y-CH,-S-CiFyZ-p. A plot of reaction rate
versus temperature for the series Z = H or SMe,
Y = H, Br, or Bu!, generated a set of non-con-
verging curves, showing® that if the series of
reactions is isokinetic, the isokinetic temperature
must be considerably greater than 70°; the rate
data may thus be interpreted in terms of a specific
reaction mechanism.

Of a number of free-energy correlations
examined, one of particular interest in relation to
the establishment of mechanism involves the log
k, values for the reaction of C¢F;-SPh with the
series of thiophenoxides p-Y-CgH,S- (Y =H,
Br, Cl, F, Me, MeO) versus the corresponding log
ky values for the reaction of CgF;H or CgF;-SMe
with the same thiophenoxides. These plots
generated straight lines with a slope of unity,’
i.e., the reactions have identical p-values. This
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suggests that the compounds CyF;H, CgF;-SMe,
and CgFg-SPh react with thiophenoxides by a
similar mechanism. Hence, pentafluorobenzene
probably also reacts by the addition—elimination
mechanism, and it follows that most other nucleo-
philic reactions of polyfluorinated aromatic com-
pounds are likely to be of this type.

The relative reactivities of the nucleophiles
ethoxide and thiophenoxide towards different
electrophilic centres have been related to transition-
state structure.® In typical Sy2 reactions log
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[#pns-/REt0-] > 1, whereas in reactions involving
a high degree of bond formation in the transition
state log [kpns-/kEto-] < 2. Thus, the greater
reactivity of ethoxide compared with thiophen-
oxide towards C¢F;H and CgF4-SMe implies a
degree of bond formation which is consistent with
the suggestion that an intermediate complex is
involved.

(Received, February 1st, 1967; Com. 099.)
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