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Introduction of a substituent into an aromatic compound produces chemical shift changes in the ring and
side-chain protons. Although these 'H chemical shifts have hitherto been correlated with Hammett-o con-
stants only by negative values,! we have found for the fi‘rst time that the p value for the imidoyl proton H,
of 4-substituted N-benzylideneanilines (series II) has an opposite positive sign.2/3 It is worthwhile to
examine whether this anomaly in sign can be explained in the light of some of simple theories of predicting
“substituent chemical shifts (SCS)" vaiues. We here discuss the contribution of through-space field effects
to the anomaly on the basis of the calculation of approximate H -SCS values for N-benzylideneanilines
(series 1 and 11), and demonstrate that the experimental result with series II provides clear evidence for the
presence of the contribution of the field effects to the transmission of substituent effects .’

In a simple theory, the 'H chemical shift can be approximated by the localized diamagnetic shielding
8;’:: . Then a shift difference between a substituted and an unsubstituted compound (a relative SCS value)
is given by a change in diamagnetic shielding Aﬁj;j, which can be calculated using the reported equation:$
ASﬂE =21.34 AP]s'Is’ where P]sls is the value for the diagonal element of the density matrix correspond-
ing to the 1s atomic orbital centered at a hydrogen atom. The magnitudes of APlsls for H, in series [ and II
were calculated by the CNDO/2 method.” The relationship between the calculated Aﬁg'i: and Hammett~o
constants exhibited negative p values for both series, the results being inconsistent with the observations

(see the TABLE).2/3

In an improved calculation,® the relative SCS can be expressed as ABc_py =16.0 AqH +8.39 ch ,
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TABLE. Electron Densities and Chemical Shifts of the Imidoy! Proton, H,

b
dia c

Series X ay ° - 2 &8 48 A8 PXCH - AS_ A5, (obs)

Hq Crot HH C-H Q o) E H,
H 1.0185  3.8999 -0.30

NO, 1.0127 3.9113 -0.124 +0.003 -0.114 3.73 -0.079  -0.11,

cl 1.0159 3.9042 -0.056 -0.006 -0.045 1.27  -0.034  +0.02,

CH, 1.0194  3.8973 +0.019 -0.007 +0.026  -0.64  +0.005  +0.03,

OCH;  1.0204  3.8937, +0.041 -0.022 +0.062  -1.57  +0.021  +0.07,
N(CH),, 1.02199 3.8905¢ +0.073 -0.025 +0.094  -1.88  +0.026  +0.12,

P -0.130  +0.018  -0.137 -0.070  -0.138
re 0.976  0.831  0.978 0.945 0.960
NO, 1.0158 3.8849 -0.058 -0.169 +0.150 3.73  +0.016,  +0.02,
cl 1.0173  3.8941 -0.026 -0.068 +0.058 1.27  +0.006,  +0.00s
q  Chs 1.0191  3.9035 +0.013 +0.040 -0.036  -0.64  -0.001;  -0.01,
OCH;  1.0193 3.9055 +0.017 +0.060 -0.056  -1.57  -0.005, -0.03,
p -0.074 -0.222 +0.199 +0.020,  +0.040,
re 0.787  0.99%  0.99 0.994 0.910

@ Calculated by the CNDO,/2 method’ using the reported geometry.™ b Values for dipole moments
employed 10a, 12 A positive value represents an upfield shift in ppm: for the measurements of SH at 100
MHz in cyclohexane, see the preceding paper.’ ¢ Calculated as an NHCH;, group. a
€ Correlation coefficients.

where and are the relative
S e O N
changes in electron density on the XOC @*C//
\ \
hydrogen and the bonded carbon atoms, Hq Ha
Series | Series [I

respectively. The p values obtained
from the calculated ASC-H have opposite signs fo those observed (see the TABLE), and this way for calculat-
ing relative SCS values does not account for the observed result.

An alternative approach to predicting relative SCS values was carried out using an empirically es-
tablished correlation between shielding and changes in total charge density (Q;4) on the attached carbon
atom; ASQ = 10AQf°f.9 The ASQ and p values calculated are listed in the TABLE. The sign alternation
in the p values agrees with the observation, but the p value calculated for series 1l is extremely larger than
that observed.

According to Buckingham, the chemical shift due to the electric field caused by a polar group at a
particular proton in a molecule is given by 8E = —AEC_H — 1078 E2, where A is an empirical constant and

Ec_p is the component of electric field E directed along the C-H bond.!® The first term is dominant at most
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field strengths. The contribution of the second term to H shielding is minor, and can be neglected for a
remote substituent.4? For calculating Ec_yr Zurcher's method was employed.!! The electric field Econ
at the proton in question is given by EC-H =Py 3 cos ¢ cos g — cos qypx)/Ra, where Py is the substituent
dipole moment in a point-dipole approximation, R is the distance between the cenire of the C-H bond'®
and that of the C-X bond, ¢, is the angle between R and iy, ¢p is that between R and the C-H bond, and
¢px is that between vector Fx and the C-H bond. For calculating SE' A was taken as 3.11 x 10~12 g.s,u. ;42
the values for the dipole moments of substituents (“XC6H4-) here employed!®®12 are listed in the TABLE;
angles ¢;, g, and Py were estimated from the geometry reported for N-benzylideneanilines; ! the bond
angle of C-Cl!-H,;x was taken as 120° for series I1,14b

Since recent studies of substituted styrenes*® and naphthalenesé have evidenced that a relative shift due
to the magnetic anisotropy effect of a substituent is small upon a proton except that situated near the sub-
stituent, we can exclude the anisotropic effects on H from the present calculations. In addition, the
ring-current effect due to a substituent upon Hy was also neglected on the basis of recent results with the
substituted styrenes.*?

The relative SE values ASE thus calculated for Hu (see the TABLE) show that the electric field model
gives the best overall agreement with the SCS values observed. Furthemmore, each sign and magnitude of
the p values calculated are satisfactorily consistent with those observed. The present result agrees, in a
a C6H4X’ 4a

. . HUE_E.
B(cis) in 4-substituted styrenes H/g=C\H

qualitative sense, with that previously obtained for H
Hﬁ(cis) corresponding to Ha in series II.
Through-bond effects are known to be mainly transmitted through a w-electron system Abs1s Thus, it is
strongly suggested that the through-space field effect which affords the reverse sign in PHa in series I, is
disclosed up as a result of a decrease in the contribution of the through-bond transmission effect owing to
the less conjugation of the benzene ring caused by a marked torsion of the N-Ph bond, i.e., 55.2° for N-
benzylideneaniline.® In contrast, the conformation of substituted trans-stilbenes is planar or nearly

148

planar;'49 therefore, for Hﬂ corresponding to H, in series Il (C;H;CH=CHC/H,X), the predominance of the

through-bond effect may be expected. This view is illustrated by the finding that the H,-SCS values

J

observed linearly correlated with Hammett-o by a large negative pHB value of -0.171,1

Consequently, it is concluded that the through-space field effect is also responsible for 'H-SCS in
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addition to the through-bond transmission of a substituent effect, the magnitude of which depends upon the

results predominantly from a marked decrease in the through-bond transmission effect.
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