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Carbon-13 chemical shift data were given
for linear and branched alkanes. Systematic
trends in these shifts were found to correlate
nicely with structural parameters, which
have high predictability. A sizable
y-substituent parameter was observed for
the first time on which conformation
analysis may be based. [The SCI® indicates
that this paper has been cited in over 545
publications since 1964.)
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“In 1963, carbon-13 magnetic reso-
nance (CMR) spectra were obtainable
only for isotopically enriched com-
pounds or for small molecules which
could be observed by a low resolution
adiabatic rapid passage technique. Us-
ing proton decoupling to collapse the
proton induced multiplets. Also, to pro-
duce a sizable nuclear Overhauser en-
hancement (NOE) factor,1 a new way to
obtain (MR spectra was reported for
the first time in a companion paper.2

Unfortunately, the experimental proce-
dures were at best laborious for a few
compounds and impossible for most
samples.

“Edward Paul, my first postdoctoral
associate, had joined the laboratory
from a background in organic synthesis
and readily appreciated the ultimate
importance of CMR in organic chemis-

try. It was his dogged persistence in the
development of a CMR technique2

which ultimately led to highly repro-
ducible spectroscopic results. This
paper on the alkanes represented the
first application of the new CMR tech-
nique. The present ubiquitous use of
(MR likely accounts for the recogni-
tion of this work.

“From the very beginning, systematic
trends in CMR shifts were noted to cor-
relate with molecular structure, and the
resulting parametric shifts have since
been used in numerous instances3-5 to
provide detailed structural character-
izations. The first chemical shift anom-
aly encountered in our study of the lin-
ear alkanes was in n-heptane where the
(-4 shift was 2.93 ppm upfield from C-3.
For the smaller alkanes, the shifts had
monotonically shifted downfield as one
moved down the chain from the methyl
carbon. The C-4 shift in n-heptane had
been expected either to be downfield
from C-3 or at least to become degener-
ate with the C-3 shift. The excitement in
the laboratory produced much specula-
tion which ran from total disbelief
(after all, the procedures were painful
and even Paul could make a mistake) to
elaborate schemes now long forgotten.
The effect persisted however in a re-
peat experiment on n-heptane and in
other higher homologues and in
branched alkanes. The so-called v-sub.
stituent effect was first encountered in
this work and results from aliphatic
chain coiling. This effect has formed
the basis for the use of CMR in confor-
mational analysis.3-5 A review series
provides adequate evidence of the
vitality and importance of (MR studies
in chemistry.”6
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