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SUMMARY

The examination of 19F chemical shifts for ca. 650 F-alkylated com~

pounds of general formula CF3(CF2)nCF X led to the following conclusions:

2
the CF. groups o to X are very sensitive to the nature of X, and are

spreadzover a range of 85 ppm. The effect of the length of the F-alkyl
chain decreases rapidly, so that 6CF2(a) can already be considered as
characteristic of X for n = 1 or 2 for most practical purposes. Solvent
effects (in 9 different solvents having e = 1.8 to 52.1) were found to be
rather small except for the F~alkyl iodides. A chart which indicates the
domain in which the CFZ(Q) resonance signal is to be expected is given
for 42 different series of F-alkylated compounds; it is expected to pro-
vide the synthetic chemist with a useful tool for the identification and

characterization of such compounds.

INTRODUCTION

As a consequence of the development of the chemistry of per and poly-
fluorinated compounds ("fluorocarbon" derivatives) and of the commercial
availability of an increasing number of perfluorinated starting materials,
one observes a considerable growth in the 19F NMR data published on such
compounds. Several compilations [1] and annual reviews [2] concerning 19F

NMR in general are available.

The aim of the present contribution is to find which general trends
exist between the chemical shifts of compounds of type CF3(CF2)nCF2X, where
X is an organic or inorganic moiety, and the nature of X and of the chain
length. Solvent effects have also been studied. We expect in this way to

provide synthetic chemists in the field with a convenient analytical tool



364

for the identification and characterisation of compounds of this general
type. For this purpose we collated data on more than 650 compounds, part
of which are scattered in the literature, part of which result from synthe-
tic work done in our Laboratory [3-11].

The scope of this contribution is restricted to perfluoroalkylated
derivatives with linear chains having more than one carbon atom; CF3 deri-

vatives are excluded since most of the correlations found in the present

study are based on the chemical shifts of the CF_, groups located at the end

2
of the chain. On the other hand the case of CF3, which is unique, has

already been reviewed [1b].

DISCUSSION

For F-alkyl derivatives the 19F chemical shifts range from 55 to

140 ppm upfield from CCl_ F. When the F-alkyl chain has up to six carbon

3
atoms, the resonances of the trifluoromethyl and of each of the difluorome-
thylene groups can be distinguished with routine NMR instruments working

at 56.46 MHz in a 14,090 gauss field. For example

CF,y - CF,(e) - CFZ(G) = CF,(y) = CF,(B) - CF,{a) - I [111

G+ = 81.6 126.6 123.1 121.4 113.3 59.3 (in CC14).
Sometimes, the assignment of the central CF2 groups (y and &) may be trou-
blescme. This difficulty may be overcome by comparing compounds having the
same chain but different X groups, in so far as one expects the effect of
the substitution on the chemical shifts to be larger for CF2(Y) than for
CF2(5). From seven carbon atoms upwards, the signals due to the central
difluoromethylene groups are generally not resolved any more in routine

conditions, and only five resonances can then be assigned
CF, - CF, - (CF,CF,CF,CF)) - CF, - CF, - CBr = CHBr f10]
+

§ =81.2 126.6 121.5-122.5 120.4 105.9 (in CC14).

Due to the great number of fluorine atoms present, and consequently to the
many fluorine-fluorine coupling constants, the individual CF3 and CF2 units
consist of rather broad multiplets, so that the only useful parameters are

generally the chemical shifts.

+All the chemical shifts are given in ppm positive upfield from CCl_F.

The errors on § were evaluated at 0.25 ppm for routine experiments; and
the incertitude relative to data from the literature having various
origins was estimated at 0.5 ppm.
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If one considers analogous series of compounds in which the same
F-alkyl chain is linked to various X moieties, as exemplified in Fig. 1
for C6F13— derivatives, it appears clearly that the main effect on the
19F‘ chemical shifts is observed for CFz(a). The variations in chemical
shifts as a function of X are still noticeable for CF2(B), become smaller

for CFZ(Y), and negligible for the following CF,_, groups. This analysis,

2
based on the C_F compounds, proved to be general, and shows that the

chemical shift6o;3the CFz(a) is likely to provide the most interesting
clue for the identification of X.

In order to evaluate the usefulness and reliability of this parameter
as an analytical tool, we had to examine the influence on SCFz(a) of the
length of the F-alkyl chain, and of the nature of the sclvent used for the
measurement.

Fig. 2 shows the variation of 6CF2(a) versus the chain length in seve-
ral homologous series of F-alkylated compounds : the highest value of GCFZ(a)
is always found for n = 0; it then decreases rapidly and comes to an almost
constant value (within 1 ppm) from n = 1 or 2 upwards. Hence for compounds
where n > 1 the CFz(a) is directly related to the nature of X. The interest
of the 19F NMR chemical shifts of the longer chain F-alkylated compounds is
thus brought into evidence, since the measurement of GCFz(u) is then inde-
pendent of the chain length and thus permits the appreciation of the specific
effect of substituent X. In practice this independence is already attained

for C_F

3F0 SO that the GCFz(a) data are valid for any higher homolog in the
series. For C2F5 chains (n = 0) the BCFZ(a) are higher by ca. 3 to 6 ppm
than their value for longer chains.

The solvent effects on the 19F

chemical shifts have often been repor-
ted to be important with respect to those observed on y chemical shifts [1b].
They were first evidenced on fluorocarbons [20], and soon assigned to large
Van der Waals interactions between solute and solvent as the major contri-

bution [21-23]. In order to obtain a more precise estimation of these effects,

we measured the spectra of nine series of widely different CF3(CF2) CFZX
n

compounds as neat liquids, and in nine solvents having widely different

dielectric constants (e = 1.8 to 52.1) (Table I). It was found, first, that
the sole significang variation in chemical shift exists for CF2(a), the

other signals being practically unaffected by changes in solvents; second,
even for 6CF2(a), the range of variation is in most cases less than 2 ppm
(see Table I). The effect of the concentration was also found to be small,
since the measurements performed on neat liquids (Table I) gave very simi-

lar values. Thus the effects of solvents on the chemical shifts of the
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Figure 2. 19F Chemical shifts (in ppm positive upfield from CC13F)

of the CF2(a) group in CF3(CF2)nCF2X as a function of n.

AX = CooH [11-14]; mX = NF2 [15-18]; Ox = C2H4I [11];

czcH [10]1; aAx=1 [11-10];

® X = CH=CH, [11]; o X

¢ CBr=CH, [3,11].
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F-_alkyl compounds generally appear not to be as drastic as those found in
the case of fluoromethanes and fluorcethanes [22,23]. One should alsc keep
in mind that the 1917‘ chemical shifts are spread over a much larger fre-
quency range than the proton resonances so that the relative influence of
the solvent on the shifts, when it exists, still remains small in propor-
tions in most cases. An exception to this was found for the F-alkyl iodides,
for which the CFz(a) resonance varies over a range of nearly 10 ppm as the
dielectric constant of the solvent changes; again, the chemical shifts of

the other signals are much less affected by the nature of the solvent :

for C6F13I one finds :

112.7 < 6CF2(B) < 113.8; 121.1 < GCFZ(Y) < 121.7; 122.6 < 6CF2(6) < 123.2;
126.4 < CF2(E) < 126.6; 81.3 < 6CF3 < 81.6.

This particular behaviour of the F-alkyl iodides is in agreement with pre-
vious experiments made on fluorinated methanes and ethanes, which suggested
that the more polarisable group X is, the greater the upfield solvent shift
will be [231].

This study shows that in most cases the solvent effects are of the
same order of magnitude as the experimental errors of standard routine
measurements. Hence reliable data can easily be obtained, and most data
available in the literature can safely be used for the purpose of compari-
son, even when obtained in different solvents and/or concentrations.

Nevertheless, the recording of the spectra on CCl, solutions, in which

most F-alkyl compounds are soluble, and in which tﬁeir interactions with
the solvent are small, is proposed for obtaining homogenous data [25].
Havihg thus established that for widely different series of

CF3(CF2)nCF2X compounds having n » 1, the value of GCFZ(a) is essentially
related to the nature of X, we have built a chart (Fig. 3) which correlates
these two parameters. The previous studies available in the literature on
19F NMR chemical shifts are either very general [26al or based upon few data
and not very recent [26b]. Our chart gives the domain in which the CFz(a)

can be expected to be found for 42 series of CF3(CF2)nCF X compounds, where

X is an organic or inorganic moiety. This correlation iszbased on nearly

300 compounds, on which the NMR data were considered reliable. The compounds
prepared in our Laboratory -~ more than 80 - played an important part in the
establishment of this chart, with regard to the variety of X moieties
available, to the homogeneity of the series, and to the fact that the mea-

surements were performed in comparable experimental conditions.
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Fig. 3 shows the wide range of chemical shifts which can be expected
to be found for the CF2(G) group as a function of X (55-140 ppm/CCl3F).
This illustrates the high sensitivity of the fluorine nuclei to their
environment, and shows the relevance of their study for the identification
and characterisation of the F-alkyl compounds.

Correlations between 19F NMR chemical shifts and structural parameters
have met little success yet, as shown by the following examples

- in the series of compounds (CF3)2§§x (X =F, Cl1, Br, I, H)
8CF is shifted towards higher fields as the electronegativity of X decrea-
ses [27], as would be expected for a simple inductive effect :

X = F Ccl Br I H

§ 131.4 139.4 142.2 147 214.7 ppm

- the opposite effect is observed in the series RFCFZCHZX and

RFCF2CF2X, where X = F, Cl, Br, I, H, for which a decrease in the electro-

negativity of X causes a deshielding of the fluorine nuclei

F Ccl Br I H
6CF,(a) in R.CF CHX = 122.5 120 117 111 115.2 ppm {28,291
6CF,(a) in R_CF,CF,X = 82 69 63 60 139 ppm [11,28,30,31]

It has been postulated that "repulsive interactions may induce electron
displacement away from fluorine", which would cause a deshielding of these
nuclei [29]. Furthermore, the influence of the hydrogen atom (X = H) could
never be clearly rationalised.

In the series of tertiary alcohols, R2C(0H)C6F13, steric effects may
also be invoked to explain the particular downfield shift of the CF2(a)
when R = ipr [9]:

R CH3 C2H5 C4H9 iC3H7

GCFz(a) 117.9 115.8 115.8 108
These puzzling data led some authors to attempt a calcuiation of the substi-
tuent effects on the 19 chemical shifts. These concerned the influence of
the Huggins electronegativity of geminal [32] and vicinal substituent [33]
and were in satisfactory agreement with the experimental results. They were
however performed on rather limited series of compounds, and a larger number
of more homogenous data on new series of compounds would be of interest to
check the reliability of this calculation procedure. The recognized difficulty
of establishing quantitative correlation of chemical shifts with fundamental
structural or electronic factors, enhanced by the limited amount of available
data in the field, further increases the value of the empirical identifica-

tion tool which is presented here.
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