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Synopsis. The propriety of considering the magnetic
contributions to the 3C chemical shift from the neighboring
carbon atoms and from the ‘ring-current’ has been examined
for the SCS of a-carbons of 4-substituted phenylacetylenes.
The SCS values corrected for the above contributions are
well correlated with the 2p electron densities.

In our previous papers,1:2 we derived expressions
for estimating the contribution from the magnetic
term of the neighboring carbon atom, B, which is
bonded to the A atom in question (¢4h) and the
long-range shielding effect of the ‘ring-current’
(o#r8), It was shown that the corrected SCS values
of a-carbons (Ad%.) come to be linearly correlated
with the electron densities on the relevant carbon
atoms, A, when the observed SCS are corrected for
the above two contributions in the cases of sp2-hy-
bridized «-carbons of 4-substituted derivatives of sty-
renes, a-methylstyrenes, and biphenyls.)

The aim of the present paper is to examine the
propriety of considering the ¢4 and the o4:oe
terms in interpreting the SCS of sp-hybridized «-
carbons. For this purpose, we have chosen 4-sub-
stituted phenylacetylenes as a model system.

As has been shown in our previous paper,? the
diamagnetic contribution, ¢&i.,, from the sp-hybrid-
ized carbon atom can be expressed in the same form
as the expression derived for the case of sp2-hybridized
carbon:

ais = (e2/3mc®)rpp ! ¢, (1)
where 71 is the inverse distance of the A atom from

the point charge on the B atom and where ¢ is the
total (2s and 2p) electron density on the B atom. In

the present approach, we have considered the magnetic
contributions from the two neighboring carbon atoms
which are directly bonded to the «-carbon of the
phenylacetylene. The paramagnetic contribution,
o3%., from the B atom remains almost constant
so long as we assume the same average excitation-
energy approximation.®

The carbons of the phenylacetylenes were labeled
as shown below:

3 o . P
a 1 C=C—H
<=>(B) (A) (B)
All the bond angles and the bond lengths of the phenyl-
acetylenes are taken from the standard compilations.®

When the bond lengths of the C;-C, and the C,—C,
are taken to be 1.46 A and 1.204 A respectively:

3 Avi = 6430, + 7.80Ag,. @)

The expression of the ‘ring-current’ effect on the SCS
is the same as that in the previous papers:12

Agdring — —04f(P, z) l O, | . (3)

The value of the f(p, z) in the case of the a-carbon of
phenylacetylene has been graphically estimated to be
—1.08 ppm by utilizing the table of the Johnson-
Bovey ring-current shift.) In evaluating the i
term, we have used the CNDO/2 formalism. The
calculated values of the Acd. and the Ag#wins
terms are listed in Table 1.

It is expected that the Ad%. values are linearly
correlated with the electron densities on the a-carbon
atoms, because Adi.: reflects only the local magnetic
term of the a-carbon atom. In Figs. 1 and 2, plots

TABLE 1. OBSERVED AND CORRECTED CHEMICAL SHIFTS OF ®-CARBONS IN 4-SUBSTITUTED PHENYLACETYLENES®)
. Aa‘i‘a AUA,rlng
Substituent 055 ® 0% .0
ubstitu 6.43A0, 7.80Aq, —0.4f(p, 2)|0.] AN A

1 NO, —0.145 —0.142 0.147 1.93 2.07
2 CN —0.036 —0.048 0.108 1.69 1.67
3 CF, —0.131 —0.114 0.121 1.44 1.56
4 Cl 0.042 —0.023 0.030 1.16 1.11
5 F 0.123 0.004 0.051 1.09 0.91
6 C=CH 0.013 —0.008 0.002 0.60 0.59
7 SCH, 0.056 0.004 0.035 0.24 0.15
8 CH=CH, 0.016 0.002 0.022 0.09 0.05
9 OCH, 0.162 0.044 0.121 0.00 —-0.33
10 CH, 0.061 0.025 0.034 —0.10 —0.22
11 NH, 0.243 0.094 0.180 —0.68 —1.20
12 N(CH,), 0.213 0.082 0.233 —1.00 —1.53

a) All the values listed are relative to the unsubstituted compound, from the chemical shift of which the upfield

shifts are represented in ppm by positive values.

b) Aécaorr = Adncbsd - ZA o’dAlnn - Aa A,ring,

c) Cited from Ref. 7.
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Fig. 1. Plots of Ad&%.. against the 2p electron densities

on the a-carbon atoms.
Numbered points correspond to entries in Table 1.

of the observed and the corrected SCS values are
shown against the 2p electron densities (g,,)*. It
may be reasonable to correlate the local magnetic
terms with the 2p electron densities,® because the
contribution of the local diamagnetic term to the
SCS is very small compared with that of the local
paramagnetic term. The respective correlations are
expressed by least-squares fitting as:

AbSsa = 235A¢,p + 0.40 (r=0.897, s=0.41) 4)
and:

AbG: = 295Aqp + 0.23 (r=0.928, s=0.42), 5)
where r is the correlation coefficient and s is the standard
deviation. The values of both the intercept and the
correlation coefficient in the latter case are much

improved compared with those in the former case,
although the values of the standard deviations are

* The correlations between the corrected (and the ob-
served) SCS and the total electron densities are: AJ%..=
508A¢i01a1+0.66 (r=0.868, 5=0.5); A6%..=400Aq:0101+
0.72 (r=0.817, s=0.55). In the case of the styrenes, too,
when the AJ%,.. values are correlated with the 2p electron
densities, the correlation is improved: A%, =135A¢:0101+
0.77 (r=0.782, s=0.40); Ad%..=122A¢,,+0.69 (r=0.844,
s=0.34).
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Fig. 2. Plots of Ad%,. against the 2p electron densities
on the «-carbon atoms.
Numbered points correspond to entries in Table 1.

almost equal in the two cases.

This result provides further proof that it is appropriate
to consider the ¢ii and the ¢4™2¢ terms in in-
terpreting the aspect of the SCS of a-carbons in the
side chains of conjugated aromatic hydrocarbons by
relating the SCS to the electron densities.

The CNDO/2 calculations were carried out on a
FACOM-230 75 computer at the Nagoya University
Computation Center.

References

1) Part I: J. Niwa, Bull. Chem. Soc. Jpn., 51, 2964 (1978).

2) J. Niwa, Bull. Chem. Soc. Jpn., 48, 118 (1975).

3) J. A. Pople, J. Chem. Phys., 37, 53 (1962); M. Karplus
and J. A. Pople, ibid., 38, 2803 (1963).

4) “Tables of Interatomic Distance and Configuration
in Molecules and Ions,” Chem. Soc. London, Spec. Publ.,
No. 11 (1958).

5) G. E. Johnson and F. A. Bovey, J. Chem. Phys., 29,
1012 (1958); J. W. Emsley, J. Feeney, and L. H. Sutcliffe,
“High Resolution Nuclear Magnetic Resonance Spectros-
copy,” Pergamon Press, Oxford (1965), Vol. 1, p. 525.

6) T. Yonezawa, I. Morishima, and H. Kato, Bull.
Chem. Soc. Jpn., 39, 1398 (1966).

7) D. A. Davison and W. F. Reynolds, Can J. Chem.
53, 373 (1975).






