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Estimation of magnetic anisotropy in polycyclic aromatics
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Abstract—Dihydro-dibenzophenanthrene derivatives 1a (1b) were synthesised in order to obtain the NMR shielding parameters
for naphthalene ring. The 1H NMR assignment of 1a and substituent-induced shifts (SIS) from the corresponding androstanone
ethylene ketal (2) are presented. A simple sum of the magnetic shielding of benzene rings can satisfactorily reproduced the
observed SIS values due to the naphthalene ring of 1. © 2001 Elsevier Science Ltd. All rights reserved.

It is well known that NMR chemical shifts reflect
molecular structure. Thus, variation in the local envi-
ronment affects chemical shieldings, and changes the
chemical shift of nuclei with respect to a nearby sub-
stituent.1 The conformational analysis of flexible
macrocyclophanes2 have been carried out successively
with the chemical shift changes caused by secondary
induced magnetic fields due to aromatic ring currents.3

However, the quantification of such shielding effects4

has been rather limited, and this situation has restricted
the broad application of the technique. In our previous
papers, we have reported parameters associated with
the shielding effect of a polar functional group5 and by
using them succeeded in the determination of the pre-
ferred conformation of a flexible macrocyclophane.6

In order to extend the applicability of the method of
chemical shift simulation to polycyclic aromatic com-
pounds, it is necessary to obtain the shielding parame-
ters for other functionalities such as the naphthalene
ring. To obtain the reliable shielding parameters for this
group, the steroid skeleton and 7,8-dihydro-diben-
zophenanthrene were chosen because of its rigidity and

well defined geometry. Hence, we synthesised an-
drostanone derivatives (1a, 1b), and the chemical shifts
of the protons in 1a were compared with those of the
corresponding reference compound (2).

The synthesis of compound 1 is shown in Scheme 1.
Thus, acetalization of androstane-3,17-dione (3) with
racemic (7R*,8R*)-7,8-dihydro-dibenzophenanthrene-
7,8-diol7 (4) under acidic condition yielded the corre-
sponding mixture of acetal 1a and 1b. HPLC separation
of the mixture afforded targets 1a and 1b in a 1:1 ratio.
The preparation of the reference compound (2) was
carried out by the selective mono acetalization of 3 with
ethylene glycol. The structure of 1a was confirmed by
X-ray crystallographic analysis (Fig. 1).8 Assignments

of the 1H NMR signals for 1a and 2 in CDCl3 solution
were made using a combination of COSY, NOESY,
HMBC, HMQC, and phase-sensitive DQF-COSY ex-
periments. The observed substituent-induced shift (SIS),
which is defined as the change in chemical shift of a
proton produced by the substituent, can be obtained by
the chemical shift differences between 1a and 2.
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Scheme 1.

Table 1. 1H NMR chemical shifts for compounds 1a and
2 together with their observed and calculated SIS values

Position 1a 2 Obs. Calc.
SIS SIS

1.471a 1.20 0.27 0.23
1.761b 1.67 0.09 0.11
1.59 1.394a 0.20 0.21
1.81 1.56 0.254b 0.23
1.70 1.425 0.28 0.29

6b 1.33 1.26 0.07 0.09
7a 1.07 0.99 0.08 0.10

1.82 1.787b 0.04 0.05
8 1.61 1.53 0.08 0.07

0.90 0.779 0.13 0.15
1.73 1.6611a 0.07 0.08
1.34 1.3011b 0.04 0.07
1.30 1.2412a 0.06 0.08
1.86 1.7912b 0.07 0.04

14 1.33 1.25 0.08 0.09
15a 1.96 1.93 0.03 0.04

1.52 1.4815b 0.04 0.04
16a 2.10 2.06 0.04 0.05

2.47 2.4316b 0.04 0.03
0.89 0.85 0.0418 0.04
0.93 0.83 0.1019 0.12

The observed SIS values can be reproduced by calcula-
tion if the correct set of shielding parameters and
relative geometry of the protons with respect to the
substituent are known and in the present case the
precise geometrical factors associated with these pro-
tons were obtained from the molecular mechanics
calculation9,10 (AMBER* force field as encapsulated in
MacroModel11 ver. 6.5). The ring current induced shift
was estimated using the calculated structure.

We have found that there was an additivity associated
with the SIS values of two moieties that are interacting
electronically.12 Coulson reported that p-electron ring
susceptibility of polycyclic conjugated systems was par-
titioned into a sum of individual contributions from
each of its constituent ring.13 So we calculated the SIS
values of protons in compound 1a assuming that there
are four individual benzene rings in the compound
(Table 1).14 The correlation analysis [a set of 21 data
(range of the observed data 0.03–0.29 ppm) Ddobs=
a ·Ddcalc+b ; a=1.039, b=−0.009, R2=0.950 (Fig. 2)] of
the observed and calculated SIS values clearly shows
that the shielding effect of the naphthalene ring is a
simple sum of those due to the two fused benzene rings.
Since we applied the line current model3c,d for the
estimation of the ring current of benzene, the simple
sum of the line current of the two fused six-membered
rings exactly cancelled out the current through the
fused bond. Thus the magnetic anisotropy of the naph-
thalene can be reasonably approximated by a loop
current through the 10 p peripheral bonds.
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Figure 1. ORTEP drawing of 1a (left) and the calculated structure of 1a (right).
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