Tetrahedron Letters No. 8, pp 681 - 684, 1972, Pergamon Press. Printed in Great Britain,

APPLICATION OF THE HAMMETT - STREITWIESER EQUATION TO INTERFRETATION
OF THE CHEMICAL SHIFTS OF NONAROMATIC PROTONS IN SUBSTITUTED ARENES

B.Kamiefiski® and T.M.Krygowski®

a) Institute of Orgenic Chemistry, Polish Academy of Sciences, Warsaw, Poland
b) Institute of Fundamental Problems of Chemistry, Warsaw University,
Warsaw 22, Poland

(Received in UK 3 January 1972; accepted for publication 19 January 1972)

The chemical shifts of the methyl group of methylarenes have recently been
interpreted in terms of diamegnetic shielding by aromatic ring currenta1) or in
terms of hypercon;jugationz). The later interpretation was also g:lvenZ) for a
series of arylmethylbromides and arylmethylcarbinols.

The purpose of this paper is to describe the application of the Haxmett-
Streitwieser equation3 o4) to the correlation of the position constants with the
chemical shifts of side-chain protons in & series of substituted arenes. The
main idea of this method is very similar to that of the Hammett equ.a'r;i.on5 ) s how-

ever the Hammett substituent constants 6 are replaced by position constants Gr
defined as followas) ]

Gp = 18X - 18K e, ()
where K, and Ku-naphth. are the acid-base equilibrium constants of the r-th po-
sition of a given arene and of the alpha-position of naphthalene, respectively.
These position constants were originally used by Streitwiesers) to interpret
the reaction rates of the nitration, chlorination, and deuteroprotonation of
arenes. Recently, in a series of pape:lz‘a3 ’q'), the application of these constants
to the interpretation of not only purely chemical but also various physical
properties of arenes and their monosubstituted derivatives has been demonstrea-

ted. For arenes linear relationships between position constants and}) 1 proton
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chemical shifts, lonization potentials, polarographic half-waves for oxidation
and for reduction, location of the para-band in UV-spectra, electron affinities
and the location of the CT-bands with various electron acceptors'?) » @nd the HMO
-calculated values of Brpmyn= ~Egnyq have been found. In the case of monosubsti-
tuted derivatives of arenss, for a constant functional group Y the following
correlations have been foundu): for polarographic half-wave potentials of oxi-
dation of amlnes, for pE-values of these amines, for UV-spectral data of aryl-
benzophenones, for polarographic half-wave potentials of reduction of nitroare-
nesa), quinonesg), and diarylketones9). In all these cases the correlation co-
efficients were about 0.95 or better, usually near to 0.99.

For the properties depending on the position of the functional group, the

Hemmett-Streitwieser equation has a form:

@ = Q + 61 ¢ (2)
where Qr is the numerical value of the property, Qo is the intercept, and ?
is the slope of the linear regresion, having a physical meaning similar to that
of the original Hammett equation, namely the measure of the sensitivity of the
process under comsideration to structural effects.

Application of the Hammett-Streitwieser equation in form (2) to the title
problem results from the following consideration. The position constants 6 r
are, from the quantum~-chemical point of view, simply rela.teds) to the Whela.ndw)
localization energy I.r". However this quantity, for the benzenoid hydrocarbons,
has the same magnitude in the case when the rest of the molecule is negatively
chargede) . Thus the position constants in such a model describe the tendency of
the residual molecule to delocalize the insufficiency or the excess of the
charge. The position constants describe the ability of the residual molecule to
attract the pseudo-pi electrons from, for example, the methyl group in the case
of methylaryl systems. In such a manner the position constants should describe
the changes of charge density on methyl group in dependency on the aryl-skeleton
to which this group is attached in position r. Schematicaly it can be drawn as

z z CH3
I

follows:
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snd the contrivution of V.B. structure II should depend distinotly on the posi-
tion constant G'r. In fact, & good correlations (Fig. 1.) are obtained relating
the chemical shiits of nonaromatic protons of methylarenes, arylmethylbromides,
arylmethylearbinols, and aminoarenes to the appropriate position constants.

7
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Fig.1.Correlations of the position constants G o o the chemical shifts in
units of nonaromatic protons in substituted arenes. Dashed lines - corre-
lations when points of arenes substituted in positions of classes 1 and 2
are excluded. Abbreviations: derivatives of benzene = B, naphthalene = N,
phenanthrene = Fh, anthracene = A, pyrens = Py, biphenyl = Bp, nuambers de-
note tie position. G, values were taken from or >, chemical shifts
data were taken: [for methylarenes, arylmetanyibromides, and arylmethyl-
carbinols from 2 » for aminoureanes from 12 .
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The best correlation coefficient is found for methylarenes. However it
should be pointed out, that almost the same values of correlation and regression
coefficients are obtained for the Aryl-CHa-X series if the molecules with the
substituent in 1- and 9-anthracyl-type positions (positions of classes 1 and 2

Liye

according to the classification due to Koutecky et al. 11)) are excluded.

It should be noted that all excluded points Ef, deviated downfiel%l&he
correlation lines (dashed), whereas the deviations in Bentley and Dewar's corre-
1ation92) are irregular. The systematicPchaeracter of the deviations in our
correlations for Aryl—CHZ-X suggests‘gzﬁ steric originj;XNtheae because all abe-
rrant points belong to the molecules in which steric interactions are poassible.

The greater value of ¢ for the regression line of aminoarenes than for the
other series of compounds show that the chemical shifts of amino-protons are
more sensitive to structural effects than the chemical shifts of protons of
methyl or methylene groups.
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