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Ring currents have played a crucial role in modern chemistry, but they have been analyz-
2d and discussed almost entirely in terms of their effect upon proton nmr chemical shifts, 2,3
The applica.ion of carbon magnetic resonance spectroscopy to this area has received relatively
little attention. In fact, only a few alternate and nonalternate aromatic hydrocarbons have been
studied in an attempt to elucidate the effect of ring currents on the shifts of carbon nuclei. 4.5
U. fortunately, the previous conclusions regarding ring-current effects on '3C shifts are not
always unambiguous, For example, the observed cmr-shift data for biphenylene might be in—
terpreted in terms of electronegativity and strain superimposed on a diamagnetic ring current,
rather than by invoking a paramagnetic ring-current effect, 6 interpretation of the cmr data
from biphenylene, pyrene and the majority of other compounds studied suffer somewhat from
the lack of suitable model compounds, which are needed to derive ''normal'' chemical shifts,

In hope of accurately assessing the effect of ring currents upon carbon nuclei, we have
measured the cmr shifts of [12]-paracyclophane (1). 7 Abnormal shifts of the remote methylene
carbons in I would seem to be attributable to ring-current effects, as electronegativity and
strain effects should be negligible for these carbon atoms. Figure 1 shows the cmr shifts of 1.
in CDCI; solution along with the appropriate reference compounds, The saturated carbons of 1
do show a range of shifts starting at 157. 1 ppm and going to a high of 166, 8 ppm. The pro-
tons in the methylene chain behave similarly, 8

it is difficult to decide on appropriate model compounds to provide CH, groups with shifts
for which ring currents (or other complicating effects) are not to be expected, Cyclopentadec~
ane is possibly a good choice, especially because it is known that the internal methylene car~
bons in large cycloalkenes are almost identical to the analogous carbons in the corresponding

cycloalkanes., 13 Selection of 166. 1 ppm as the *C chemical shift of an isolated methylene

135



136 No. 2

carbon in a large ring sets the maximal ring-current contribution to the carbon chemical shift

at +0. 7 ppm in I,
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Figure 1, Carbon-13 chemical shifts 20 H 163.3 12
relative to carbon disulfide Cyclopentadecane 166.1 12

It does not seem reasonable to calculate the ring-current contribution by comparing the
CH, shifts of I with 163, 3 ppm, which seems to be the correct shift of a ''normal'' methylene
carbon in an open-chain compound, This would lead to a ring~current contribution to the most
upfield carbon of 1 to be +3,5 ppm, which must be too large, because the corresponding selec—
tion of 1,3 & as the chemical shift of a ''normal’’ methylene proton in an open~chain compound
leads to about a +0, 3 ppm maximal ring-current contribution to the proton chemical shifts of L
It is quite unreasonable that the ring-current contributions to the protons and the carbons should
be different by a factor of 10, .

It has already been demonstrated that when protons <;r carbons are in similar spatial po-

14,15

sitions, they are similarly influenced, in a chemical-shift sense, by field effects, Thus,

Hy

induced shifts when the respective molecules are complexed with a paramagnetic shift reagent

in structures such as 2 and C, in structures such as 3 undergo almost identical lanthanide-

and contact effects are absent, Since the protons and carbon atoms in the methylene chain of I
are located in similar spatial positions, with the carbon atoms being somewhat closer than the

protons to the area of maximum ring-current effect, one would expect the carbon resonances to
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Hy C 5 (Hs)

OH OH

to be shifted slightly more, but certainly not 3.5 ppm more, than the proton resonances, It is
more reasonable that the internal carbon resonances in long-chain ##-alkanes normally come at
somewhat lower fields than the carbon resonances in the corresponding cycloalkane.

The observation of upfield shifts for the CH, resonances of I for those carbons over the
ring, and the fact that these shifts are slightly greater than those observed for the methylene
protons in 1, accords indeed with a ring-current effect on the cmr shifts of 1, However, the
ring-current effect is obviously small and will normally be almost wholly overshadowed by

other kinds of influences on cmr shifts,
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