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Summary 

Alkylation of incompletely fluorinated benzenes with polyfluorinated 
a,a-difluorobenzyl cations in an SbFs medium results in the formation of 
polyfluorinated a-fluorodiphenylmethyl cations whose precursors are the 
primary products of alkylation, i.e. the corresponding polyfluorinated (Y,(Y- 
difluorodiphenylmethanes. The influence of substituents on the “F chemi- 
cal shifts and spin-spin coupling constants J(FF) has been analysed in terms 
of their effects on contributions of the resonance structures controlling the 
positive charge distribution and on the coplanarity of the phenyl rings and 
the plane of the a-carbon bonds. 

Introduction 

In the previous communication it was reported that dissolving poly- 
fluorinated trifluoromethylbenzenes in SbF, resulted in the formation of 
polyfluorinated a,a-difluorobenzyl cations [l] . The possibility of using 
these ions in alkylation reactions is of interest, especially leading to the 
generation of polyfluorinated a-fluorodiphenylmethyl cations whose lg F 
NMR spectra should provide information regarding substituent effects in 
polyfluorinated carbocations. 

Results and discussion 

Addition of one equivalent of a polyfluorinated benzene (II) to a solu- 
tion of a polyfluorinated benzyl cation (I) in SbFs results in the formation 
of the corresponding polyfluorinated cY-fluorodiphenylmethyl cation (III). 

*For part II, see ref. 1. 
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The latter is apparently produced via the primary alkylation product, i.e. a 
polyfluorinated a,a-dufluorodiphenylmethane (IV). Use of excess of (II) 
does not result in its alkylation by the ion (III). 

(IT) tm, 

where X = H, F, Cl, Br, CHa and CFs respectively in (I) and Y = H, F, Cl, Br 
and CH, respectively in (II). 

The ions (111)(X = F; Y = CF,) and (111)(X = CH,; Y = CF,) may be 
generated by adding pentafluorobenzene and 2,3,5,6tetrafluorotoluene res- 
pectively to a solution of perfluoro-p-xylene in SbF,. This solution has been 
shown [l] to contain the cation 4-CFsCsF4CF,’ in amounts insufficient 
to enable its “F NMR spectrum to be recorded. Alkylation of compounds 
(II)(Y = F, CHs) also probably points to the formation of small quantities 
of this cation. 

The parameters of the lg F and ‘H NMR spectra of the ions (III) are 
given in Table 1, where SF corresponds to a shift relative to CsFs as an inter- 
nal standard and AhF corresponds to a shift relative to the signal of the res- 
pective fluorine atom in the spectrum of polyfluorinated ac,cY-difluorodiphen- 
ylmethane (IV), produced by pouring a solution of the salt of the ion (III) 
into HF [2]. In order to measure the values of hF (Table 1) solutions of the 
salts of the ions in SbF, were diluted 8 to lo-fold with SOs. Figures 1 - 6 
illustrate typical “F NMR spectra for solutions of the salts of the ions (III) 
(X = Y = F), (111)(X = F; Y = CH,), (111)(X = F; Y = CF,), (111)(X = Y = Cl), 
(111)(X = CH,; Y = H) and (111)(X = CH,; Y = CF,). 

The I9 F and ‘H NMR spectra of the ions (III) generated by the action 
of SbF, on the precursors (IV) are identical to those observed for the same 
ions produced by the alkylation of compounds (II) with the cations (I). The 
use of more than 2.5 mol of SbF, per mole of (IV) for producing (III) fol- 
lowed by subsequent dilution of the salt solution 8 to lo-fold with SOa pro- 
duced only signals corresponding to the ions (III) in the “F NMR spectrum. 
If the amount of SbF, did not exceed 0.8 - 1.5 mol, the resulting spectrum 
of the solution diluted with SOs exhibited signals from the ion (III) as well 
as those from the corresponding precursor (IV) for which the values of A6 F 
were measured. For the ions (111)(X = F; Y = CF,) and (111)(X = CH,; Y = 
CFs), the use of 2.5 mol of SbF, per mole of diphenyldifluoromethane led 
to the retention of considerable quantities of the precursors (IV)(X = F; 
Y = CF,) and (IV)(X = CH,; Y = CF,) respectively. 

In assigning the signals in the “F NMR spectra of the ions (III), ac-. 
count was taken of the regularities previously noted in the analysis of the 
“F NMR spectra of polyfluorinated a,a-difluorobenzyl cations [l] . 
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I I 
-48.2 -!14 

Fig. 1. “F NMR spectra of the solution of the salt of the ion (111)(X = Y = F) in a 
SbF&!G02 solvent system. (Here and elsewhere the fluorine atoms are designated by 
the numbers of the respective carbon atoms.) The signals of the pat-u-F and or-F atoms 
were recorded with increased gain relative to that employed for the meta-F and ortho-F 
atom signals. 

The downfield signal shift for the ions (III) changes in the sequence 
e-F > F = 4 > F = 2(2’) > F = 3(3’)* which probably corresponds to the 
relative extent of the contributions of the resonance structures (A), (B) and 
(C) to the n-electron distribution in the overall structure of the ion. In the 
spectra of the symmetrical ions (III) (X; X) at -20 ‘C, all the four ortho-F 
atoms exhibit one signal resulting in one value for ol,orthoJ(FF) for coupling 
between the a-F and ortho-F atoms. For this reason, signals from the a-atoms 
in the spectra of these ions are quintets (to a first approximation). This demon 

*Here and elsewhere fluorine substituents are numbered in accordance with the cor- 
responding carbon atoms. Non-primed numbers correspond to fluorine atoms in the ring 
containing the substituent first listed in the designation of the ion [i.e. (111)(X; Y), for 
example], while fluorine atoms in the other ring correspond to the primed numbers. The 
term “ortho” refers to the positions 2,2’,6,6’, “meta” to the positions 3,3’,5,5’ and “para” 

to the positions 4,4’. 
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Fig. 2. “F NMR spectra of the solution of the salt of the ion (111)(X = F; Y = CH3) in a 
SbFs-SO2 solvent system. 

(A) (B) CC) 

skates that free rotation about the e-C-C-1 bond exists in these ions, and hence 
ions of type (III) are essentially different from polyfluorinated benzyl cations 
[l] . This difference in the energy barriers to rotation about the (u-C-C-1 bond 
for the two types of ions is probably best explained by the fact that in the 
latter case the resulting a-C-C-1 bond order is lower because of the partici- 
pation of two phenyl rings in the delocalisation of the positive charge. A 
similar difference has also been observed with the non-fluorinated species 
[3]. The signals arising from the ortho-F atoms in the spectra of the ions 
(III) (X; X), where X = Cl, Br, CH, and H, are doublets to a first approxi- 
mation due to coupling with a-F. For the ion (111)(X = Y = F), the ortho-F 
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Fig. 4. “F NMR spectra of the solution of the salt of the ion (111)(X = Y = Cl) in a 

SbF,--SO, solvent system. 

signal is more complicated as the 2q4J( FF) coupling constant of the ortho-F 
and paru-F atoms has a considerable value. 

Two signals arise from both the ortho-F and meta-F atoms in the spectra 
of the asymmetric ions (111)(X; Y); this can be explained in terms of the 
different nature of the substituents at the 4 and 4’ positions. The assignment 
of the me&-F signals in the spectra of the asymmetric ions is based on a 
comparison with the spectra of respective symmetric ions (111)(X; X) and 
(III)(Y; Y) containing the same substituents. To enable such a comparison, 
it has been assumed that the dF values for the me&-F atoms in the symmetric 
and asymmetric ions are approximately identical when the same substituent 
is present at the adjacent puru position. The non-equivalent pairs of ortho-F 
atoms observed for asymmetric ions belong to different rings, since, as it was 
noted above, no similar non-equivalence is observed for symmetric ions. This 
conclusion is also supported by the fact that only one doublet splitting in 
each ortho-F signal which is observed in the spectra of asymmetric ions 
corresponds to coupling with a-F. Signal assignment for ortho-F atoms in 
the spectra of the ions (III)(F; Y), where Y = Cl, Br, CH, and H, is facilitated 
by the fact that the signal corresponding to F = 2 is complicated by 
F = 2-F = 4 coupling. The hF values for F = 2(6) in these ions are virtually 
independent of the nature of the halogen substituent at position 4’. If it is 
assumed that this behaviour is typical of all ions of type (III), it is possible 
to assign the signals at 8r = -45.3 ppm in the spectra of the ions (111)(X = Cl; 
Y = CH,) and (111)(X = Br; Y = CHs) to F = 2’(6’) [cf. the value of SF for 
F = 2(6) in the ion (111)(X = F; Y = CH,)] . In a similar manner, the signals at 
dF = -44.4 and -44.0 ppm respectively in the spectra of the ions (111)(X = 
Cl; Y = H) and (111)(X = Br; Y = H) have been assigned to F = 2’(6’) [from a 
comparison with the data for the ion (111)(X = F; Y = H)] . Comparison of 
the 6, values for the ions (111)(X = F; Y = H) and (111)(X = F; Y = CH,) shows 
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Fig. 5. “F NMR spectra of the solution of the salt of the ion (111)(X = CH,; Y = H) in a 
SbFS-SO2 solvent system. 

that replacement of a hydrogen by a CH, group causes an upfield shift of the 
F = 2(6) signals. Arising from this, it is possible to assign the signals in the 
spectrum of the ion (111)(X = CHa ; Y = H) [cf. data on the ions (III)( X = Y = 
H) and (111)(X = Y = CH,)]. 

The values of the ‘**J(FF) constants for ions containing a pentafluoro- 
phenyl ring can be obtained from the signals arising from F = 4 and F = 2(6), 
while the doublet splitting ascribed above to coupling with a-F atoms can be 
extracted only from F = 4 signals. The interpretation of the cu-F signals is made 
difficult however due to their complex structure which results from coupling 
between these atoms and the phenyl ring fluorines, and probably also from 
coupling with hydrogen nuclei in the case of the ions (III)( X = F; Y = H) and 
(111)(X = F; Y = CHs). The doublet splitting in the spectrum of the ions (III) 
(X = F; Y), which has a value of J(FF) = 2 - 3 Hz, is specific to the F = 3( 5) 
signals, apparently due to F = 3(5)-a-F coupling (this is demonstrated by 
the absence of similar splitting in the signals of the F = 3(5) atom in the 
spectra of the ions (V) and (VI) generated as described below). Triplet split- 
ting with J(FF) = 6 Hz in the signals of F = 2(6) may be attributed to F = 2(6) 
-F = 2’(6’) coupling averaged over all conformations. It was found difficult 
to obtain similar values from the F = 2’(6’) signals of the ions (111)(X = F; Y) 
and from the F = 2(6) and F = 2’(6’) signals of other ions of type (III). 

The lg F NMR spectral pattern of the ions (III) (X = F; Y = CFs ) and 

(III)( X = CH, ; Y = CF,) reveals that hindered rotation of the rings from 
which CF, groups are absent occurs (signal assignment in the spectra of 
these ions being similar to that employed for the other ions (111)(X = F; Y) 
and (111)(X = CH,; Y), respectively). The spectra of the ions (111)(X = CH,; 
Y = CFs) at 80 “C and (111)(X = F; Y = CF,) at 40 “C (in SbF, solution), as 
well as other ions at --20 OC, exhibit equivalent 6, values for the ortho-F 
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Fig. 6. (a) “F NMR spectra of the solution of the salt of the ion (111)(X = CH,; Y = CF,) 
in a SbFs-SO, solvent system under conditions where hindered rotation of the phenyl 

ring containing the CHa group occurs. 
(b) “F NMR spectra of the solution of the salt of the ion (111)(X = CHa; Y = CFa) in 
SbF5 under conditions where free rotation of the phenyl rings may occur. 

atom in the same ring, indicating rapid rotation of the phenyl rings about 
the C = l(l’)-(11 = C bonds. However at -20 “C the signals arising from F = 
2 and F = 6 are different in the spectrum of the ion (111)(X = CHs; Y = CF,) 
indicating hindered rotation involving the ring containing a CH, group. Coup. 
ling between an e-F atom and a less shielded ortho-F atom (two non-equiva- 
lent ortho-fluorines exist) is characterised by the larger of the values of 
a,orthoJ(FF)(= 130 Hz) while coupling with the more shielded fluorine atom 
leads to a value of a,orfhoJ(FF) not greater than 30 Hz. The ion (111)(X = F; 
Y = CFs) exhibits a spectrum at -20 “C in which only the F = 2(6) signal 
is broadened (but still not split into two signals) pointing to the decreased 
rotation at this temperature. If the temperature is further decreased, it is 
still difficult to identify the signals arising from F = 2 and F = 6 in the range 
-70 to -50 ppm because of overlap with signals from Sb,F1, and SbF,.SO, 
[4] (the intensity of these signals is low at -20 ’ C but increases with 
decreasing temperature). However, hindered rotation of a pentafluorophenyl 
ring at - -40 o C is evident from the nature of the a-F signal at this tempera- 
ture which differs considerably from that observed when rapid rotation 
occurs. Thus, at the lower temperature, this signal exists as a doublet with 
J(FF) = 120 Hz similar to the splitting with @porfhOJ(FF) = 130 Hz which 
occurs for the ion (111)(X = CHs; Y = CFs). In all of these cases F = 2’ and 
F = 6’ remain equivalent due to rapid rotation of the ring containing the 
CF, group. Thus, in the ions (111)(X = CH,; Y = CF,) and (111)(X = F; Y = 
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CF,) the energy barrier for rotation of the rings from which the CFs groups 
are absent exceed the values for all the other ions studied, the barrier for the 
first ion being greater than that for the second. This may be explained in 
terms of the decreased ring participation in charge delocalisation on intro- 
ducing a CFs group in the pm position. In this case, resonance participation 
of the other ring and the degree of double bonding with the a-carbon atom 
increase and approach the values in the benzyl ions 4-CHsCsF,CFi and 
CsF,CF;I, respectively, as is evident from the A&, values for these latter ions 
(cf. ref [l] ). Participation of the ring containing a CHs group in charge de- 
localisation in the case of the ion (111)(X = CH,; Y = CF,) is more efficient 
than the pentafluorophenyl ring of the ion (111)(X = F; Y = CFs). This is 
probably the result of the high electron-donating ability of the CHs group in 
comparison with that of the paru-F atoms in ions of type (III), in agreement 
with observations for the non-fluorinated analogues [ 51. 

The effect of substituents on the values of AFr in the 4-X-a,a-difluoro- 
benzyl cation [ 31 and their polyfluorinated analogues [ 11 has been explained 
in terms of substituent participation in positive charge delocalisation. In the 
case of the ions (III), additional information on the participation of substi- 
tuents X(Y) is provided by an analysis of the A 6, values for the ortho-F and 
par-a-F atoms in the other ring. The changes in the A&r values for a-F and 
for ortho-F and paru-F atoms in the second ring in the series (111)(X = F; Y), 
(111)(X = Cl; Y), (111)(X = Br; Y), (111)(X = CHs;Y) and (111)(X = H; Y) indi- 
cate that differences in the effects of F, Cl and Br substituents on the A&r 
values under consideration are small, with the differences in these effects on 
AF (y_F values for ions of type (III) being smaller than for ions of type 4-X-&F4 
CF’, [ 11. The sensitivity of A hF values to changes in the nature of the substi- 
tuent at position 4’ is illustrated by the sequence (Y-F > F = 4 > F = 2, which 
appears to correspond to the contributions of these substituents towards 
charge delocalisation. However, the influence of substituents at position 4’ 
on the corresponding values of A&r for a-F, F = 2 and F = 4 are not complet- 
ely consistent, especially for Cl and Br substituents. In general, though, the 
information available appears to indicate the following sequence for paru- 
substituent participation in positive charge delocalisation in ions of type (III) : 
CHs > Br?Cl> F> H. 

Table 2 lists the increments iz which characterise the effects of substi- 
tuents X at position 4 in the ions (III) on the A&r values for a-F atoms rela- 
tive to X = H for a series of ions in which the substituent Y at position 4’ 
remains constant. The values obtained indicate that ions with no CHs groups 
have values of i’: for X = F, Cl and Br which are approximately constant. 
This enables an accurate estimation of the A6r values for these ions from the 
mean increments for the substituents X using an additive scheme (cf. Table 
3). The presence of the methyl group causes the “saturation” of the substi- 
tuent effects; thus the i$” 3 values for X = F, Cl and Br are considerably less 
than those of the same substituents in the series Y = H, F, Cl and Br. Further- 
more, the ig,, increments decrease in the series i:u, > i&, = igh3 > i$$ 3 > 
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TABLE2 

The increments ig as a measure of the effect of pm-u substitution in ions of type (III) 
upon the A&F values of the e-F atom 

Substituent Increments i% (substituent Y Mean values (ig-) Substituent incre- 

X determining the series) for Y = F, Cl, Br, H ments for ions 

ig ig is’ ip tx .CH3 4-XC,F,CF;[ 11 

F +5.1 +5.1 +5.2 +5.0 +3.0 +5.1 +6.4 
Cl +5.4 +5.5 +5.7 +5.1 +3.6 +5.4 +7.8 
Br +6.0 +5.9 t5.7 +6.0 t3.9 t5.9 t8.5 

CH3 +ll.O +8.9 +9.2 +8.9 +6.4 +13.0 

G$ i.e. with increasing donor effect of the substituent Y (and according to 
its influence on A6r). The reason for such “saturation” is probably related 
partly to the compensation of a partial increase in the coplanarity of the ring 
with a-carbon plane with increasing donor capacity of the para substituent by 
a partial decrease in the coplanarity of the second ring with a-carbon plane. 
This suggestion is supported by an analysis of the observed values of a,orth“J(FF) 
(see below). For ions which contain no CH3 groups the effects appear to be 
small and approximately constant, making the substituent effects practically 
additive. For ions which contain the CH, group, which is the strongest 
electron donator of the substituents under consideration, the changes in ring 
coplanarity are evidently much more pronounced and result in the breakdown 
of the additive nature of substituent effects on the A6 F values for e-atoms. 

In a-similar manner to polyfluorinated benzyl cations [l] , A?jF values 
for ions of type (III) do not correlate satisfactorily either with ut values or 
with linear combinations of u& and ui constants (cf. refs. 6 and 7). 

The ‘H chemical shifts for ions (111)(X; Y = H) and (111)(X; Y = CH,) 
(Table 1) are in agreement with similar parameters for their non-fluorinated 
analogues [3, 81. 

The values of J(FF) which character&e the spin-spin coupling of e-F, 
ortho-F and pare-F atoms which are effectively participating in the positive 
charge delocalisation are considerably greater than the corresponding values 
for the neutral precursors. This may be explained in terms of the contribu- 
tions made to the charge delocalisation by the structures (A), (B) and (C) in 
which the atoms concerned are linked uia direct conjugation. 

The values of ol~ortho J(FF) when averaged by phenyl ring rotation about 
the a-carbon atom are quite considerable and it is possible to assume that 
coupling through space is of considerable importance in determining these 
values (cf. ref. 1). For all symmetric ions (111)(X; X), the ol,orthoJ(FF) values 
lie in the range 53 - 57 Hz and are little affected by the nature of X. Compari- 
son of rotation-averaged values of @lorthoJ(FF) for the paru substituents of sym- 
metric ions leads to the following sequence: H > F 5 Cl 7 Br > CH,. For 
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TABLE 3 

The A~F values for a-F atoms in ions of the type (111)(X; Y) estimated by using the 

iFan values (see Table 2) from the formula AtiF = -129.4* + il;fean 

Ion ASF (talc.) A~F (talc.) - A~F (obs.) 

(111)(X = H; Y = F) -124.3 
(111)(X = H; Y = Cl) -124.0 
(111)(X = H; Y = Br) -123.5 
(111)(X = Y = F) -119.2 
(111)(X = F; Y = Cl) -118.9 
(111)(X = F; Y = Br) -118.4 
(111)(X = Y = Cl) -116.6 
(111)(X = Cl; Y = Br) -118.1 
(111)(X = Y = Br) -117.6 

0.0 
0.0 

0.1 
0.0 

-0.1 
0.0 

-0.3 
0.2 

-0.2 

*The A SF value for the 01 -F atom of the ion (III)( X = Y = H). 

asymmetric ions (111)(X; Y), the values of J(FF) for coupling of ol-F with 
ortho-F, ortho-F with par-a-F, and a-F with par&F are strongly dependent 
on the nature of the substituents. The largest value of ol,orthOJ(FF) is always 
observed for the ring containing the strongest electron-donating para substi- 
tuent in the sense of the series of substituent effects on A&r given above. 
The further apart the two substituents X and Y in this series, the greater 
the difference between the respective values of ol,orthoJ(FF). In the series of 
ions (111)(X; Y) with Y constant, an increase of the donor effect of X is 
always accompanied by an increase in the average value of a,orthoJ(FF) for 
the ring containing the substituent X, and by a decrease in this value for the 
ring containing substituent Y. For substituents X = F, Cl and Br, the cor- 
responding effects on cY@rfhoJ(FF) are practically identical. For a given ion, 
the sum of the two averaged values of %OrthoJ(FF) varies in the range 106 - 
114 Hz in all cases investigated, with the value tending to increase on pas- 
sing from ions with stronger electron-donating groups to those with weaker 
donor substituents. 

The dependence of the averaged value of cu@rthoJ(FF) on the nature of 
X and Y for the asymmetric ions (111)(X; Y) is opposite to the similar depen- 
dence of J(AX) + J(AX’) which characterises the interaction of a-F and 
ortho-F atoms in polyfluorinated a,a-difluorobenzyl cations [l] . In contrast, 
the dependence of the sum of the two averaged @sorthoJ(FF) values for the 
asymmetric ions (111)(X; Y) corresponds closely to the effect of substituents 
on the J(AX) + J(AX’) values for 4-XCsF,CF’, ions. 

In our opinion, the influence of paru substituents upon ol*orthoJ(FF) 
values in ions of type (III) may be interpreted in terms of the complex 
character of spin coupling between ortho-F and e-F atoms and of the depen- 
dence in an averaged ion state of the coplanarity of the two phenyl rings 
and the a-carbon plane on the X and Y substituent combination. It has been 
suggested for polyfluorinated qa -difluorobenzyl cations [l] that the value 
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of or,orthoJ(FF) is related to the sum of the contributions from coupling 
through bonds (contribution 1) and through space (contribution 2) with 
contribution 1 being dependent on the relative importance of resonance struc- 
tures (A) and (C) in which a-F and ortho-F atoms are linked directly via 
conjugation. 

In each symmetric ion (111)(X; X) the coplanarities of both rings with 
the a-carbon plane are the same and probably close to those for other ions 
of this type. Under these circumstances an increase in the donor effect of X 
should lead initially to a greater contribution of structure (B) and a lower 
average value of ol,oPfhoJ(FF) due to the decreased importance of structures 
(A) and (C), as is actually found to be the case. However, the differences are 
probably small because this trend is partly compensated by the increase in 
contribution 2 because of the slight increase in coplanarity. This behaviour 
of the or*orthoJ(FF) values for the ions (111)(X; X) is similar to that of the 
J(AX) + J(AX’) values for ions of the type 4-XCsF4CFa mentioned above. 

For asymmetric ions (111)(X; Y), the relative coplanarities of the two ring: 
towards the a-carbon plane are different, with an increase in the coplanarity 
of one ring with the a-carbon plane being only attained at the expense of the 
coplanarity of the other ring. An increase in coplanarity should result in an 
increase in the value of ol*ortho J( FF) for coupling between ortho-F and u-F 
atoms due to an increase in contribution 2, and also possible due to an in- 
crease in contribution 1 because of the better conditions for conjugation. 
The combined effects should result in an increase in the averaged ol,orthoJ(FF) 
value for the ring containing the stronger electron-donating para substituent 
and to the reverse effect for the ring containing the weaker substituent. 

Since the conformational changes, and consequently the changes in 
contributions 1 and 2, for the two rings cancel each other out, the sum of 
the averaged cu,orthoJ(FF) values changes principally because of the change in 
the relative importance of the canonical structure (B) which is dependent on 
the electron-donating power of the paru substituent, with a consequent 
change in the relative importance of the contributions of structures (A) and 
(C). In fact, the greater the electron-donating power of the two pm-a substi- 
tuents, the smaller the sum of the averaged ol,or’hoJ(FF) values and vice uersa. 
In our opinion, a combination of these factors provides a reasonable 
explanation for the dependence of the averaged ol,or’hoJ(FF) values for ions 
of the type (111)(X; Y) on the nature of the X, Y substituent pairs present. 

The above assumptions are confirmed by the observed values of 
ol,orfhoJ(FF) for the ions (III)(Y = CH,; X = CF,) and (III)(Y = F; X = CF,). 
Because of the unfavourable electronic effect of the CF, group, its participa- 
tion in the ring charge delocalisation is reduced which apparently leads to 
considerable non-coplanarity with the a-carbon plane and the lowest averaged 
value of cu~ortho J(FF). The corresponding higher coplanarity of the second 
ring in the structure probably accounts for the high value of 120 - 130 Hz for 
ol,orfhoJ(FF) for coupling between an adjacent e-F atom and an ortho-F atom 
under such conditions of restricted ring rotation. The observed value of 
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a@rthoJ(FF) (cu. 30 Hz) for the coupling between an a-F atom and a remote 
or-ho-F atom in the ring containing a CHs group in the ion (111)(X = CH,; 
Y = CF3) appears to be approaching the value which is attributable virtually 
completely to contribution 1. 

Since the values of 2*4J(FF) and cu*4 J(FF) for the ions (111)(X = F; Y) are 
evidently determined only by coupling through bonds, it is to be expected 
that the influence of the nature of Y on these values will correspond to the 
corresponding effects of these substituents on the participation of the 
pentafluorophenyl ring in charge delocalisation. This effect may be related 
to an increase or decrease in the contribution of structures (B) and (C) for 
the pentafluorophenyl ring as the electron-donating ability of Y decreases 
or increases respectively. Indeed, the observed sequence corresponding to 
the influence of the change of the electron-donating effect of Y on the va- 
lues of 2,4J(FF) or “*4J(FF) for the ions (111)(X = F; Y) is as follows: CH, > 
Br 5’ Cl - F > H > CF,. (For Y = CFs, the J( FF) values concerned were 
observed under conditions where free rotation of the pentafluorophenyl 
ring occurred.) 

A similar change in the values of A6F for (Y-F, ortho-F and paru-F atoms 
and the values of 2.4J(FF) and “*4J(FF) for ions of type (III) suggests that a 
linear correlation exists between the 8F values and the J(FF) values, as ob- 
served for the 6, values of paru-F atoms and 2*4J(FF) values in neutral com- 
pounds of the type C6F5X [9]. A least-squares treatment of the data listed 
in Table 1 actually leads to such dependencies with quite good correlation 
parameters [cf. Table 4, equations (1) - (6)]. The correlation parameters 
are improved when the J( FF) values are correlated with linear combinations 
of ortho-F and pare-F chemical shift values for the pentafluorophenyl rings 
or with those of the a-F and puru-F atoms of the ions (111)(X = F; Y). In 
addition, a common correlation is observed between the 46, and 2*4J(FF) 
values for a wide range of compounds of the type C6F5X including the six 
ions (111)(X = F; Y), Y = H, F, Cl, Br, CH, and CF,, the ions (CsF5)2C’CF3 
0% (CaF&C+ (VI), GF,CF; ill and CGF5CFH’ [l] , and neutral com- 
pounds for which a similar correlation was established elsewhere [9] [Table 
4, equation (7)]. All these correlations, as well as that between hF for puru- 
F atoms and 2*4J(FF) values on the one hand and the Da0 and uI constants 
for the X substituents on the other hand found for the neutral compounds 
C,F,X [9], indicate that a direct relationship exists between the effects of 
substituents on 8F and J(FF) as given in equations (1) - (7) of Table 4 and 
the effects of the same substituents on the n-electron distribution. Analo- 
gously to the assumption made for the polyfluorinated benzenonium ions 
[lo], benzyl cations [l] and neutral compounds [ 1, lo] , the existence of 
such a relationship for ions of type (III) may be taken as a qualitative rep- 
resentation of the effects of substituents on the relative contributions of 
the canonical structures (A), (B) and (C) to the overall n-electron distribu- 
tion in these ions. These contributions in turn define the values of the chem- 
ical shifts and spin-spin coupling constants for the fluorine atoms participa- 
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TABLE 4 

Relationships connecting values of 2’4J(FF) and “‘4J(FF) with 6~~ values for para-F, 

ortho-F in pentafluorophenyl rings and o-F atoms for polyfluorinated phenylmethyl 

cations and connecting the values of 2*4J(FF) with chemical shift values (4~)~ for 
CeF,X compounds [9] 

Equation ra 

(1) 2,4J(FF) = -0.52 4& + 80.1 0.985 

(2) 2,4J(FF) = -0.34 2*6@F - 0.33 4$F + 98.8 0.992 

(3) “*4J(FF) = -0.60 4@F + 70.6 0.978 

(4) e”‘4J(FF) = -0.52 4@F + 62.3 0.993 

(5) “‘4J(FF) = -0.94 a$F - 23.3 0.979 

(6) “*4J(FF) = -0.37 4$F - 0.30 a& + 37.0 0.995 

(7) 2*4J(FF) = -0.482 4$F + 76.34 0.997 

sa Number of points 

1.6 11 

1.1 11 

2.1 8 

0.6 6’ 

1.1 6’ 

0.3 6’ 

0.92 72d 

a r = correlation coefficient and s = mean-square deviation. 

b6,= 163.0-GF [9]. 
’ J(FF) and @F values are included only for polyfluorinated diphenylmethyl ions. 

d “,“J( FF) and 4 F values for 61 neutral compounds of type CeF,X [9] are included 
together with similar values for the corresponding ions. The relation connecting lhe values 
of 2*4J(FF) and 4@F for these compounds was represented by the equation 2,4J(FF) = 

-0.453 GP + 71.98. 

ting effectively in charge delocalisation and interacting with each other via 
direct conjugation in the structures (A), (B) and (C). This latter fact provides 
a qualitative explanation for the large values of J(FF) for these fluorine 
couplings. 

It has been shown that perfluoro-4,4’-dimethyldiphenyl (VII) when 
dissolved in SbF, fails to produce either a mono- or di-cation in amounts 
sufficient to enable their igF NMR spectra to be detected. The authors ob- 
tained a chemical proof for the formation of at least a monocation, i.e. 
4,4’-CFsCsF,C,F,CF~, in such a solution. When two equivalents of 
pentafluorobenzene were added to a solution of (VII) in SbF,, the resulting 
solution exhibited a “F NMR spectrum both before and after addition of 
SO2 (Table 1) corresponding to the formation of the dication (VIII) indica- 
ting alkylation of pentafluorobenzene. 

CF,-@---@-CF, l PC,F,H 2nSDF5 @-;F -@---@-?F -@ 

(InI) (pm) 

Formation of the dication (VIII) is also confirmed by its subsequent 
transformations during addition of the solution of its salt [produced by 
addition of pentafluorobenzene to the SbF, solution of (VII)] to water or 
HF [2]. The igF NMR spectrum of the dication (VIII) as recorded for the 
solution of its salt in the system SbF,-SO, is reminiscent of the spectra of 
the cations (111)(X = F; Y). From the “F NMR spectra obtained it appears 
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that the 4-CsF,CF’CsF5 group in the ion (VIII) is either slightly weaker or 
of the same electron acceptor strength as the CF, group in the ion (111)(X = 
F; Y = CFs). The signal of the ortho-F atom in the pentafluorophenyl ring 
is broadened at -20 “C due to the hindered rotation of this ring. Observa- 
tions of this signal, especially at lower temperatures, are complicated by its 
overlap with signals from SbF,.SO, and SbsF, [4]. However, the signal of 
the e-F atom at -207.0 ppm observed at -60 “C is split into a doublet with 
a90rthoJ(FF) = 120 Hz, which corresponds to that of the ions (111)(X; Y = CFs) 
when hindered rotation of the ring from which the CF, group is absent 
occurs. The signal of the ortho-F atoms of the pentafluorophenyl rings of 
the dication (VIII) can be observed in the spectrum of the freshly prepared 
solution of its salt in SbF, at 40 ‘C. The comparatively weak effect of the 
positive charge on one part of dication (VIII) on that on the other is best 
explained by the considerable non-coplanarity of the rings in this ion (cf. 
the data on decafluorobiphenyl [ 111). 

The facts revealed by the analysis of the “F NMR spectra of the ions 
(III) make an investigation of the effect of substituents at the a-carbon atom 
upon the values of A6 r and J(FF) of considerable interest. As an initial 
step towards such a study, the generation of the perfluoro-l,l-diphenylethyl 
cation (V) was achieved by dissolving perfluoro-l,l-diphenylethane in SbF,. 

F 

iF, iF, (P) 

The parameters of the “F NMR spectrum of the solution of the salt of this 
ion dissolved in SbF, and measured at 40 ’ C are listed in Table 1. Under 
these conditions free rotation of the pentafluorophenyl groups occurs, and 
it can be readily seen that replacement of the a-F atom by a CFs group, as 
occurs in going from the ion (111)(X = Y = F) to the ion (V), leads, as might 
be expected, to a considerable increase in the participation of the penta- 
fluorophenyl groups in charge delocalisation. In the ion (V), the extent of 
this participation is probably similar to that occurring in the ion (111)(X = F; 
Y = CF,) as is demonstrated by a comparison of the A6 r and 2*4J(FF) values 
for the two ions. 

On analysis of the parameters of the “F NMR spectra of polyfluorina- 
ted benzyl and diphenylmethyl cations [3], it was found that surprisingly 
no large values of J(FF) for the coupling of ortho-F and par-u-F atoms were 
involved in the interpretation of the “F NMR spectra of mono-, bis- and 
tris-pentafluorophenylmethyl cations. The considerable width of the signals 
of these fluorine atoms in the spectra of the ions CsF,CHi and (CsFr,)CH’ 
was explained [3] in terms of their coupling with a-hydrogen atoms. How- 
ever, the present data suggest that a more reasonable explanation for such 
broadening would be coupling between ortho-F and par-a-F atoms. Further- 
more, the signal from paru-F atoms in the lg F NMR spectrum of the ion 
(CsF5)aC* (VI) has been represented in the work [ 31 as a triplet as a result 
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4 

Fig. 7. “F NMR spectra of the solution of the salt of the ion (VI) in a SbFb-SO, 
solvent system. 

of coupling between the meta-F and pare-F atoms. Ion (VI) was generated in 
this work by dissolving perfluorotriphenylmethane* in a SbF,---SO, solvent 
system. 

(C6F,)3CF 
SbF5-SO, 

F (C6F,)3C+ 

WI) 

In general, the lgF NMR spectrum of this ion (Fig. 7 and Table 1) agrees 
with earlier data Minor differences in the AsF values may be due to differ- 
ences in the standards employed. However, the Pam-F signal was not a triplet 
as suggested earlier [ 31 but a quintet with a component ratio close to 1:4:6: 
4:l and a component separation of about 21.5 Hz. This signal pattern may 
be explained by the closeness in the values of J(FF) for coupling between 
the par-u-F atom and meta-F and ortho-F atoms. Because of this, signals from 
the ortho-F and meta-F atoms exist as doublet splitting with the spacings 
between the lines being equal to 21 and 23 Hz, respectively. The former 
value was used in deriving equation (7) listed in Table 4. 

The electronic spectra of solutions of the salts of ions of type (III) are 
listed in Table 5 and are in good agreement with the spectra of the non-flu- 

*The authors wish to thank Dr. T. M. Gerasimova for kindly supplying the sample 
of perfluorotriphenylmethane [ 12). 
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TABLE 5 

Positions of the absorption bands in the electronic spectra of solutions 
of the salts of some polyfluorinated diphenylmethyl ions in SbF, 

Ion h,./mp E x 1o-3 

(111)(X = Y = F) 

(111)(X = F; Y = Br) 

(111)(X = F; Y = CH3) 

(111)(X = F; Y = H) 

(111)(X = Y = Br) 

(111)(X = Br; Y= H) 

(111)(X= Y = CH,) 

(111)(X = Y = H) 

313 7.7 
420 35.6 

336 7.3 
453 50.0 

319 7.2 
429 41.0 

312 7.0 
417 47.0 

364 9.2 
480 54.0 

334 6.7 
446 62.5 

325 5.7 
438 36.6 

312 8.1 
412 81.6 

orinated species [ 131. It should be noted that a-fluorodiphenylmethyl cat- 
ions (III) having a halogen or methyl group in the 4( 4’) position absorb at 
a longer wavelength than the ion (111)(X = Y = H). 

Experimental 

The preparation of compounds (I), (II), (IV) and (VII) used for the 
generation of the ions has been described in ref. 2. Perfluoro-lJ-diphenyl- 
ethane was prepared by the method of ref. 14. Solutions of diphenylmeth- 
yl ions were prepared using doubly-distilled SbF,, b.p. 141 - 142 ‘C, as a 
solvent. All operations involving solution preparation and filling of the NMR 
sample tubes and spectroscopic cells were carried out in a dry box. 

Solutions of diphenylmethyl cations used for recording the “F and 
‘H NMR spectra were prepared by two methods: 

(i) SOz (0.3 - 0.5 cm3) was condensed in an NMR sample tube con- 
taining a solution consisting of equimolar amounts of polyfluorinated ben- 
zene (0.04 - 0.08 g) and trifluoromethylbenzene (0.06 - 0.10 g) in SbFs 
(0.15 - 0.50 g), and the mixture was shaken until a homogeneous solution 
was obtained. 

(ii) Precursor (IV) was added to 0.06 - 0.15 g of SbF, (molar ratio 
SbFs:(IV) = 0.8 - 2.0) in an NMR sample tube, 0.3 - 0.5 cm3 of SO2 was 
condensed on top of this mixture and the contents of the tube were shaken 
until a homogeneous solution was obtained. 
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Solutions for the measurement of electronic absorption spectra were 
prepared by dissolving a weighed sample of diphenyldifluoromethane (IV) 
at 50 - 60 “C in SbFs with continuous shaking for 2.5 - 3 h. 

The “F and ‘H NMR spectra were recorded using a Varian A56/60A 
spectrometer at 56.4 and 60 MHz respectively. The spectra of solutions of 
the salts of the ions in SbF, (15 - 25 mole %) were recorded at temperatures 
within the range 40 - 100 “C while spectra of solutions in SbFs-SO2 were 
recorded at -60 “C! to -20 ‘C. The electronic spectra of solutions of the 
salts of the ions in SbFs (0.2 X 10Y3 mol l-l) were recorded using a Unicam 
SP-700C spectrometer at 25 - 28 “C. The errors involved in the measurement 
of the spin-spin coupling constants were not greater than + 1 Hz and not 
greater than * 0.2 ppm for the measurement of the chemical shifts. 
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