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- Several discussions have been extended on Jc-g, af and 4X of alkyl derivatives
with respect to the substituent constants ¢; and ¢,, and showed that they were all linear
with ¢;—0.2¢,. This result, which is also accepted similarly in *H chemical shift, suggests
that the state of hybndlzatlon of carbon atom is the dominant factor in determining
the variation of J¢-g.

Introduction

Recently, several works have been reported on the elucidation of the physico chemical
meaning of J._y in alkyl derivatives.® Formerly, Muller and Pritchard® have estimated the
semi-empirical correlations among Jc g, C-H bond length and electronegativity of sub-
stituent group, and moreover, Malinowski and his coworkers® have proposed numerous
(zeta) value of the substituent group and obtained the reliability of the simple additivity
relationship of above parameter. But, the physico chemical meaning of the foregoing result
and the origin of the variation of J._g are not completely clear at the present step. In this
work, Jc g, s-character and substituent parameter 4X% of Me-R series have been examined
with respect to the substituent constants ¢; and o,, and the physico chemical meanings of
above parameters have been explored.

Discussion
Jcn of Me-R Series® -

Je-u of Me-R series are llnear with 6,—0.2 o

cps Br Cl p (¢f. Fig. 1), which signifies that Jon values are
160 : consist of 83.49, ¢- and 16.69, =-electronic contn-
butions.

In Table I, the contributions from both factors
are sumimarised.

o : .
,é And, in our treatment, [..z for the molecules
of the type CHXYZ can be predicted using the

simple additive relation as below.

+~Bu CiHs COCH3
oL . Je-u=Jc-a(CH)+X c-ndi+SJc-udz (1)
0 7,-0.26x +0.5 _

Fig. 1 The J._g value calculated from above equation
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TasLe 1

Jeu Ji 4]: Jx Adf
Me,C 120 100 —4.2 20 - ~08
CH, 125 104.2 0 20.8 0
C,H, 126 105 +0.8 21 +0.2
Acetone 126 105 0.8 21 0.2
-MeCgHj 126 105 © 0.8 21 0.2
MeCOOH - 130 108.4 4.2 21.6 - 0.8
Me,N 131 109:2 50 . 21.8 ‘ 0.8
MeNH, 133 110.8 6.6 22.2 1.4
MeCN 136 113.4 9.2 22.6 1.6
MeOH 141 117.6 13.4 23.4 2.6
MeOC H; 143 119.2 15.0 23.8 3.0
MeNO, 147 122.5 18.3 245 3.7
MeF 149 124.2 20.0 24.8 4.0
MeCl 150 125 20.8 . 25.0 4.2
MeBr 152 126.7 22.5 25.3 4.5
MeOMe 140 116.7 12.5 23.3 2.5

A=deviations from CH, reference

(1) showed the complete agreement with that from Malinowski’s { (zeta) value.»"® (cf. Table
I1) '

TasLe II.  Observed and Calculated [¢-g of Some Substituted CH, (cps)

Observed | Caled.
CH,(NMe,), 136.6 ' 187
CHCl, 209 : 200

CH(OMe), 186 170

s-Character a?

Formerly, it is concluded that the magnitude of J.  between directly bonded nuclei
depends mainly on the s-character of the C~-H bond.%9

Br
0.30 - Ci—:
OR
o)
OH 4.0 OH
s © ) CO.R \
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08 NMe, & | NMes \OO 0.
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CO:R " CN
Me <) Me
+Bu v /oo\ - 0 CO COCH,
- H ¢ g, COCH: H| CeHs ,
. 1 i
O +0.5 t...Bu 0 G'i—'O.Z 73] +O.5 .
0;~020x o ,
Fig. 2 Fig. 3
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But, in this section, 3% has been shown to be linear with ¢,—0.2 o, (¢f. Fig. 2).

Substituent Parameter 4X9

In the similar way, as described in the preceding section, the substituent parameter 4X
is also correlated with ¢,—0.2 o, (cf. Fig. 3).

Jeu and 8C of Me-R Series

As described in the preceding section and in our previous paper,® both J._g and 6C are
linear with ¢,—0.2 ¢, and ¢,—0.25 ¢, respectively. From these results, it is assumed, con-
sequently, that they are correlative with each other.

Formerly, Goldstein and Reddy?® have confirmed the linear relations among *H chemical
shifts and J._y in ethylenic and heterocyclic systems.

This is because J¢_y is insensitive to the magnetic anisotropy effect, and when such effect
operates, the deviation from the linear relation is expected.

In this work, both 6C and dH'V are correlated with J._g, and linear relations among non-
anisotropic H, Me and OMe groups'? have been observed (cf. Fig. 4, 5).
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Fig. 4
From these observations,—similar result is also acknowledged in our previous study®

— we are able to deduce that the contributions from the magnetic anisotropy effect of Cl, Br
and CN groups are positive. ‘

Conclusion

From above discussions, the following conclusions have been deduced.

1. Coupling constant J._g, s-character a2 and substituent parameter AX are assumed
to be dependent on the degree of hybridization of carbon atom.
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2. Malinowski’s simple additive rule of zeta value for the estimation of J._z means the
linear combination of both ¢- and r-electronic contributions from CH, reference.
3. Magnetic anisotropy effect of Cl, Br and CN groups must be positive in alkyl deriva-
tives.

4. In alkyl derivatives, chemical shifts 6*H are linear with ¢,—0.25 0., whereas 6C and
Jcn are with ¢,—0.2 o, except some substituent group with magnetic anisotropy effect.
Then, it is assumed, consequently, that in this series both variations of C and J_g are controled
by the similar mechanism, and further work along this line is now being carried out from the
quantum mechanical view point.
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