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SOLVENT DEPENDENCE OF H-F COUPLING PARAMETERS

IN FLUOROBENZENE

J. E. Loemker and J. H. Goldstein
Department of Chemistry, Emory University
Atlanta, Georgia 30322

Solvent dependence of NMR spectral parameters has been
the object of considerable interest in recent years (see
Ref. 1 for a brief summary). More recently attention has been
devoted to the solvent dependence of NMR parameters in fluor-
ine-containing compounds. In their investigation of fluoro-
benzene, Mohanty and Venkateswarlu observed the effect of
solvents on the proton and fluorine chemical shifts, but did
not report any dependence of the H-H or H-F couplinge on the
solvent medium.2 For 1l,2-dichlorofluoroethylene Bell and
Danyluk found a linear correlation between the directly bonded
15c-4 and 13¢-F couplings and the H-F couplings.3 These re-
sults, along with linear correlations between the 13c-n (or
15¢-F) coupling and the proton (or fluorine) chemical shift,
led to the inference that the medium effect acts to change the
coupling parameters and shieldings by a similar mechanism.

Hutton and Schaefer have reported the results of a solv-
ent study on l—chloro-1-fluoroethylene.l They found that the
cis H-F coupling increases in a roughly linear fashion with
the square root of the dielectric constant of the solvent. 1In

another study, Hutton, et al, reported changes as large as 0.85

153



04:34 30 January 2011

Downl oaded At:

J. E. LOEMKER AND J. H. GOLDSTEIN
Hz for the ortho H-F coupling in 3-chloro-4,b6-dinitrofluoroben-

Zzene with changes in solvent.4 They noted an algebraic increase
of JEF and of the sum, JgF + JgF, with increasing dielectric
constant of the medium for a series of substituted fluoroben-
zenes.

Recently, Castellano, et al, reported the fluorobenzene
parameters for the neat liquid and for solutiong in CCly and
CC130F3.5 The observed variations were no larger than 0.10 Hz
and 0.20 Hz in the H-H couplings and the H-F couplings, respec-
tively.

In the recent analysis of fluorobenzene conducted in this
laboratory, however, significant changes were observed in the
H-F couplings at several concentrations in TMS, 6 which sug-
gested the desirability of an extension of the study to include
a series of solvents. The proton gpectra were obtained at 60
MHz for ten mole per cent solutions of the compound in seven
solvents. For each sample, the observed frequencies were ob-
tained as averages of three forward and three reverse sweeps.
In no case was the root-mean-square deviation between experi-
mental and calculated frequencies greater than 0.06 Hz. The
probable errors in the parameter sets are conservatively esti-
mated to be no greater than 0.05 Hz. The results of these
analyses are collected in Table T.

Variations of up to 0.80 Hz were observed in the H-F coup-
lings, the largest change being in JgF Variations of this
magnitude are considerably larger than the estimated uncer-
tainty in the parameters. There is a generally honotonic rela-
tionship between JgF and the square root of the dielectric con-

stant of the solvent, except with N-methylpropionamide as solv-

ent.
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The H-H couplings showed no significant dependence on

golvent except in the case of J15, the meta H-H coupling across
the fluorine substituent, which varied by 0.22 Hz. 1In a recent
study of a series of monosubstituted benzenes, the substituent
effect wag shown to be the greatest on this meta H-H coupling
across the substituent.7 Since the greatest effects of solv-
ent medium occur for couplings involving the F nucleus and the
two adjacent protons, it seems reasonable to suppose at least
tentatively, that the medium effect is associated with the
substituent. The possibility that other mechanisms may be
involved will require further study.

The results described here indicate that solvent effects
cannot be disregarded in the analysis and interpretation of
the NMR spectra of fluorinated aromatic compounds.
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