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SUMMARY

35C1 NQR spectra of pentafluorophenylchloromethanes CgFsCH(R)CI
(R = H, CH,3, Cl, COOC,H;, C¢F5) have been studied to obtain information on
the electronic influence of the C4Fs group. On the basis of the data thus obtained
and literature data, the electronic influence of the C4F5 group is discussed.

INTRODUCTION

One of the important trends in the rapidly developing chemistry of poly-
fluoroaromatic compounds is research into the behaviour of the functional groups
adjacent to polyfluorinated aromatic nuclei. In this connection, in order to estimate
the reactivity of functional groups information is essential on the electronic
influence of the polyfluorinated aromatic nucleus and, in particular, of the CgF

group.
RESULTS AND DISCUSSION

In recent publications!~7 a quantitative estimation of the electronic influence
of the C4Fs group has been given in terms of the o constants of the CgF5 group.
The various methods which have been employed for determining Hammett’s
om and o, constants or Taft’s g, oy and ¢* constants are summarised in Table 1.
As can be seen from Table 1, the electronic influence of the C4F5 group
may be characterised by the Hammett o, or o constants all of which are fairly
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TABLE 1
MAGNITUDES OF THE VARIOUS 0 CONSTANTS FOR THE C¢Fs GrRoOuP

Method of determination Om o, o1 0°R Reference
(Compound)

pK, value

(m-, p'CGFS.C6H4COOH) —0.12 —0.03 ko - 1
pK, value

(p-CsF5.CsFsCOOH) — +045  — - 2
pK, value +

(m-, p-CeFs.CcH NH(CH3)2) +0.34 +0.41 — — 1
pK, value

(CsFsCH.COOH) — — +0.31 — 3
pK, value

(CsFsCRR20OH) — — --0.18» — 4
F NMR spectroscopy

(m-, p-CcFs.CsH4F) +0.26 +0.27 +0.25 +0.02 1
¥F NMR spectroscopy — — +0.15 0.00 1
(CsFs.C6Fs) — — —0.3 -+0.1 5
F NMR spectroscopy

(CsFsPXY) +0.22 — — - 6
Correlation of reaction rates

between CeFsX and CsFsONa - +0.4 — - 7

2 Calculated from the data published in ref. 2.
P Calculated from a value of o* = 1.1 obtained from the equation o1 = 6*/6.23.

close in magnitude with the exception of one reactive centre (cf. ref. 3). However
a better method of characterisation may be provided by the various 6; constants
listed for the C¢F5 group which show some variability in value depending on the
reactive centres involved (Table 1). For this reason it was considered of interest
to obtain further quantitative data concerning the inductive influence of the C4Fs
group through the use of a different method in order to obtain a more complete
picture regarding the influence of various reactive centres on the C4F5 group.

Thus, in the present paper we have studied the 35Cl NQR spectra of the
various pentafluorophenylchloromethanes, C4FsCH(R)Cl (R = H, CH,, Cl,
COOC,H; and C4Fs), listed in Table 2.

Previously, linear correlations had been shown to exist between the frequencies
of the 35C]1 NQR spectra of the substituted chloromethanes RCH,Cl, RIR2CHCI,
RIRZR3CCl and RCHCI, on the one hand and the pK, values of the carboxylic
acids, RCH,COOH, and the amines, RCH,NH,, as well as the Taft ¢* constants
for the RCH), groups8 and for the sum of the R, R2 and R3 groups? on the other
hand. We have used these correlations for calculating the frequencies of the 35Cl
NQR spectra of compounds (I)-(V) and for comparing the calculated values with
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TABLE 2

3Cl NQR SPECTRA OF PENTAFLUOROPHENYLCHLOROMETHANES,
CsFsCH(R)CI (I)-(V), AT 77 X

R Compound Value of v(C-Cl) Average Calculated Deviation
obtained from  value of value of Ay = ve—v,/MHz
experimental frequency  frequency

spectrum/MHz  v,/MHz ve/MHz

H @ 35.756 35.76 35.608 +0.16
35410 +0.35
35.36¢ +0.40
CHa dan 35.266 35.27 34.524 +0.75
Cl (111) 38.367 38.28 37.474 +0.81
38.192

COOC,H:; av) 38.031 37.96 36.674 +1.29
37.891

CsFs V) 38.738 38.74 36.48¢ +2.26

# Obtained from the equation pK, = 17.47 — 0.3930v%, where pK, = 3.48 for CsFsCH,COOH?,
b Obtained from the equation pK, = 39.79 — 0.9061v8, where pK, = 7.70 for CsFsCH,NH,!'.
¢ Obtained from the equation v = 33.017 + 1.2146*?, where o* = 1.93 for the C¢Fs group may
be calculated from o* = 6.23¢7 when o1 = 0.31%.

4 Obtained from the equation v = 32.05 -+ 1.019%¢*®, where o* = 1.93 for the CsFs group
(see footnote ¢ above), a*c) = 2.9, 6*cooc,n; = 2-11, o%y = 0.49, o*cy, = 0.

those determined experimentally (Table 2). As may be seen from the data, for
pentafluorobenzyl chloride (I) the calculated frequencies of the 35C1 NQR spectrum
are in satisfactory agreement with the experimental values when a value of
o; = 0.313 is used for the induction constant of the C4F5 group in the correlation
equation (see footnotes ¢ and d in Table 2). Excluding the values of 6; = +0.15
and —0.3 (Table 1) which were obtained from a correlation with the chemical
shifts of the fluorine atoms in decafluorodiphenyl!-5 and which are too low, the
interesting value is that of ¢; = +0.18 obtained from the correlation of the pKj,
values of the tertiary alcohols C4FsCRIR20H 4. Since the NQR frequency value
of the chlorine atom in pentafluorobenzyl chloride correlates well with the pK,
values of pentafluorophenylacetic acid or pentafluorobenzylamine (Table 2),
the pK., value of pentafluorobenzyl alcohol may be calculated through the use of
a correlation of the type pKa(XCH,OH)-vw(XCH,Cl) given by the equation3:

pKa = 39.10 — 0.7209y 1)

The calculated value of pKa = 13.30 for C4FsCH,OH may be introduced into the
equation which links the value of the ¢* constant with the pK, values of the
alcohols RCH,OH 12:

pKa = —1.3160* + 16.23 V)
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The calculated value of o* = 2.22 and the value of o, = 0.36 recalculated through
the use of the equation o; = ¢*%/6.23 lead to satisfactory agreement with the values
of oy for the C4Fs group obtained from the data given in Tables 1 and 2. The
accuracy of a value of oy ~ 0.3 for the C¢Fs group is also confirmed by the fact
that the calculated magnitudes of 14.9 and 15.44 for the pK, value of CsHsCH,OH
obtained from an application of equations (1) and (2) using v(CcH;CH,CI)
= 33.63 MHz and ¢*(CcHs) = 0.6 respectively are also in satisfactory agreement
with the experimentally determined value of pK, = 15.412. A number of deviations
from the correlation for alcohols containing the C4F5 group pointed out by earlier
authors 4 may be attributed to the low value previously assumed for the o* constant
for the CgF5 group.

If the relative effectiveness of the inductive influence of the fluorine atoms in
pentafluoro derivatives of benzene of the type CsFsCH,X are compared (Table 3),
it may be concluded that the inductive influence of the C4Fs group in such com-
pounds is only slightly dependent on the nature of the reactive centre X and may
be evaluated through the use of the constants o; ~ 0.3 or * ~ 1.9.

TABLE 3

RELATIVE INFLUENCE OF FLUORINE ATOMS ON THE ACIDITY
OF THE PENTAFLUORO DERIVATIVES OF BENZENE

Compound pK, ApK,(CsFsCH. X — CsHsCH:X)
ApKa(m-FC6H4CHzX — CsHsCHzX)

CsHsCH.OH 14.86%
CsFsCH.OH 13.30% 4.0
m-FCsH4sCH,OH 14.472
CsHsCH,NH;* 9,338
CsFsCH:NH,* 7.40% 3.9
m-FCcsH,CH-NH3+ 8.842
CsHsCH.COOH 4.31
CsFsCH.COOH 3.48 4.6%
m-FCsH4CH,COOH 4.13
CsHsCH,CHCOO~ 2.16 (COO™)
|
+NH, 9.12 (NH;+)
C¢FsCH.CHCOO~ 1.88 (COO") 4.6 (COO)»
|
*NH, 8.47 (NH:t) 4.6 (NH5%)®
m-FCsH4CH.CHCOO~ 2.10 (COO")
|
+*NH; 8.98 (NH:%)

# Calculated using the equation pK, = 39.10 —0.7209v for ArCH.OH® and pK, = 39.79
—0.9061v for ArCH,NH,®, where v is the NQR frequency of chlorine in the corresponding
ArCH,Cl compound.
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It should be noted that the value of the NQR frequency of chlorine in penta-
fluorobenzyl chloride (ve = 35.76 MHz) is substantially higher than that calculated
on an additive basis (v¢ = 34.45 MHz) using the NQR frequencies of chlorine in
0-, m- and p-monofluorobenzyl chlorides [v(o-F) = 33.60213, v(m-F) = 34.16813,
v(p-F) = 33.52413 and 33.511 MHz14] and in benzyl chloride (v = 33.63 MHz14).
This is somewhat unexpected, since the calculated value of pK, for pentafluoro-
phenylacetic acid, obtained from the corresponding pK, values of monofluoro-
phenylacetic acids on a similar additive basis, is in good agreement with the value
obtained experimentally3. In contrast, the calculated NQR frequencies for the
chlorine atoms in m- and p-monofluorobenzyl chlorides as calculated from the
equation8 pK, = 17.47 — 0.3930v, where pK, = 4.13 and 4.22 for m- and p-
monofluorophenylacetic acids respectively3, are in good agreement with the
experimental values. A similar calculation for o-fluorobenzyl chloride using
pKa = 4.07 for o-fluorophenylacetic acid 3, however, gives a higher value for the
calculated NQR frequency of the chlorine atom (v, = 34.10 MHz) in comparison
to the experimental value (ve = 33.602 MHz)!3. These variations indicate that
the experimental value for the NQR frequency of chlorine obtained for 0-FCqHy-
CH,Cl should be accepted only with caution.

The considerable differences observed between the calculated NQR fre-
quencies for the chlorine atoms in compounds (II)-(V) and the experimental data
(Table 2) may be indicative of the considerably reduced contribution of n-¢
conjugation to the values of the NQR frequencies for chlorine in these compounds
relative to CgFsCH,CI (¢f. refs. 13 and 14). It is possible that the smaller contribu-
tion of nm—o conjugation is governed by the interaction of the C4Fs group with
the substituent R, leading to a conformation of the molecule C4FsCH(R)CI such
that the overlap of the p orbital of the carbon atom nearest to the aromatic ring
with the ¢ orbital of the C—Cl bond is at a minimum (¢f. ref. 14). Support for this
supposition is obtained from the following facts. Firstly, the NQR frequency of
chlorine in compounds of the type RCHCI,, where R = CF; (v = 38.69 MHz15),
CCl; (v = 38.74 MHz16), COOH (v = 38.39 MHz!7), correlates well with the
corresponding ¢* constants?, in contrast to the NQR frequency of chlorine in
C¢FsCHCIl, (III) (v = 38.28 MHz). Secondly, it is not unexpected that close
agreement is observed between the NQR frequencies of chlorine atoms in com-
pounds of the type C¢FsCH(R)Cl, where R = COOC,H;s (IV) and C¢Fs (V),
since the compounds C¢FsCH,Cl and CICH,COOC,H; have very similar values
of the NQR frequency for chlorine, i.e. 35.76 and 35.96 MHz respectively8.

Similar values of Av for the compounds (II)-(IV) (Table 2) are indicative
of a similar acceptor influence for the C4F5 group in these compounds. A sharp
increase in the value of Av for (C¢F5),CHCI (V) may be accounted for in terms
of an increased acceptor effect of the CgF5 group resulting from the occurrence of
a maximum decrease in the n—o interaction in this compound. This effect runs
parallel to the increase in the NQR frequency of the chlorine atom due to the
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presence of two phenyl groups in (C¢Fs),CHCI (v = 34.3613 or 34.21 MHz!9)
in comparison with the one phenyl group in CgHsCH,Cl (v = 33.63 MHz4).
Since the calculated value of the 33CI NQR frequency for (C¢Hs),CHCI is in fair
agreement with the experimental value®- 10 and in view of the fact that no noticeable
additional influence of the crystalline field is observed for polyfluorinated
compounds in comparison with their non-fluorinated analogues!8, the consid-
erable differences between the calculated and experimental values of the NQR
frequencies for chlorine in (C4Fs)CHCI must be attributed mainly to the electron-
acceptor inductive influence of the C¢F5 group. Hence the electronic influence of
the C4Fs group is probably dependent on the number of these groups present at
a given reactive centre. This effect could lead to the observed variation of the ¢*
constant for the C4F5 group from a value of ~1.9 in C¢FsCH,Cl to one of
~2.4 in (C4Fs),CHCI. However this supposition must be subjected to further
quantitative experimental checking.

EXPERIMENTAL

35C1 NQR spectra were recorded on a pulse NQR spectrometer at 77 K
whilst TR spectra were recorded on a UR-20 instrument employing 59/ solutions
in CCl,. Compounds (I)-(IIT) and (V) were prepared by following the procedures
described in the literature.

Ethyl pentafluoromandelate (nc) (VI)

3 g (0.0124 mol) of pentafluoromandelic acid!® were boiled in a solution
consisting of 6 cm3 of alcohol and 1 cm3 of concentrated H,SO4. The mixture
was then cooled and poured into water. It was then extracted with ether, the
extract washed with water and dried over CaCl,. The ether was distilled off and
the residue vacuum-distilled to yield 2.2 g (65%) of compound (VI), b.p. 96—
98 °C/11 mmHg, m.p. 45-46.5 °C (petroleum ether 40-60 °C). Analysis: Found:
C, 44.25, 44.30; H, 2.45, 2.49; F, 34.93, 35.05%,. C;oH;Fs0; requires C, 44.42;
H, 2.59; F, 35.209;. IR: vmax 1010 (s) (C-F), 1535 (s) (polyfluoroaromatic ring),
1757 (s) (C=0), 2885 (w), 2918 (w), 2950 (w), 2995 (m) (=>CH, >CH,, -CH;)
and 3530 (m) (OH) cm™1,

Ethyl a-chloropentafluorophenylacetate (nc) (IV)

6 g (0.0222 mol) of compound (IV) and 4.8 g (0.023 mol) of PCls were
heated for 1 h at 100 °C. The mixture was cooled, poured on to ice water and
extracted with ether. The ether extract was washed with a 5% solution of NaHCO;
and then water, and dried over CaCl,. After distilling off the ether the residue was
vacuum-distilled to yield 4.2 g (65%,) of compound (IV), b.p. 65-67 °C/7 mmHg,
np2t 1.4500. Analysis: Found: C, 41.93, 41.69; H, 2.19, 2.17; Cl, 12.28, 12.45;
F, 32.90, 33.37%,. C, HCIF0, requires C, 41.60; H, 2.08; Cl, 12.30; F, 33.30%.
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IR: vmax 1010 (s) (C-F), 1522 (s), 1535 (s) (polyfluoroaromatic ring), 1750 (s),
1785 (s) (C=0), 2885 (w), 2920 (w), 2950 (w), 2980 (w) and 2995 (m) (=CH,
>CH2, —CH3) cm™1,
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