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Substituent Chemical Shifts in NMR

Part 4“—!'H SCS in Some 2-Substituted Norbornanes and Bornanes

Raymond J. Abraham,} Andrew P. Barlow and Alan E. Rowan
School of Chemistry, University of Liverpool, P.O. Box 147, Liverpool L69 3BX, UK

The 'H chemical shifts and substituent chemical shifts (SCS) were recorded for several monosubstituted nor-
bornanes and bornanes. The observed substituent effects are generally similar for the two ring systems, but differ
considerably from those observed for the cyclohexanoid systems in steroids. A consistent trend for the eclipsed
C-2—C-3 fragment in this ring system is that all the substituents produce the largest SCS on the trans oriented
proton, rather than the spatially nearer cis oriented proton. Indeed, for the OH substituent these SCS are opposite
in sign, that for the cis oriented proton being negative (i.e. to high field). This trend is not observed in the cyclo-
hexane system, in which the distance dependence of the vicinal SCS is as expected. The major cross-ring SCS are of
the 2-endo substituents with the C-6 protons, giving a large positive SCS at the 6n proton and a small negative SCS
at the 6x proton. This trend is very similar to that observed in the cyclohexane ring (axial-axial SCS), and suggests

a similar electric field mechanism.
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INTRODUCTION

ASSIGNMENT OF THE SPECTRA

Previous parts of this series!~> have been concerned
with the analysis and assignment of the proton spec-
trum of some rigid molecules with one substituent, in
order to obtain the substituent chemical shifts (SCS) of
all the protons in these molecules. These data might be
of interest in the quantitative evaluation and calculation
of proton SCS.

The proton spectra and geometries of the parent mol-
ecules norbornene, norbornane and adamantane were
obtained' and subsequently the full analysis of the
proton spectra of some bromo? and cyano® derivatives
of these molecules was presented. This led to the deduc-
tion of the SCS of these groups at every proton in the
molecule, and mere inspection of these data showed
that present theories of proton SCS** failed to explain
these effects.

It was felt that comparative data for a wider range of
substituent groups may be of value in identifying the
major factors responsible for proton SCS in these mol-
ecules, and we report here the analysis and assignments
of the proton spectra of some monosubstituted chloro-,
iodo-, hydroxy- and keto-norbornanes and also the cor-
responding bornanes, together with the analysis of the
parent compound bornane. These results, taken
together with the previous results in this series, allow
the deduction of the proton SCS for a variety of substit-
uent groups in the norbornane and bornane series in
both the exo and endo positions. These SCS are com-
pared both within the bicycloheptane series and also
with analogous data for the cyclohexane®” and
steroid®® ring systems.

* For Part 3. see Ref. 3.
* Author to whom correspondence should be addressed.
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The proton spectrum of bornane has been reported
previously'® together with the spectra of a number of
substituted bornanes, but these studies were at 60 MHz
and thus could not resolve the majority of the ring
proton resonances. Indeed, the studies were concen-
trated on the methyl proton chemical shifts, all of which
coalesce in the parent compound at § 0.83. The spec-
trum of this molecule at 250 MHz is not first order (Fig.
1), and the methyl resonances are still unresolved. The
remainder of the spectrum consists of two large multi-
plets at ca. 1.20 ppm (with an integration of four
protons) and a large downfield muitiplet at 1.70 ppm
which, on closer examination, consists of two complex
mulitiplets (integration of two protons for each
multiplet) separated by a triplet at 1.60 ppm. With the
aid of a 'H-'C 2D correlated spectrum and the !3C
NMR assignment of Grutzner er al,'* a full analysis
was completed. Analysis of this 2D spectrum reveais a
correlation between C-4 and the triplet at 1.60 ppm.
This triplet can thus be assigned to the bridgehead
proton H-4 which couples to H-3x and H-5x [J(4, 2x)
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