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The carbon-13 NMR spectra of a series of exo-and endo-epimers of 2-substituted benzonorbornene
(2-substituent= OH, OCHO, Br, NH,, NHMe or NMe,) have been examined. The spectra are readily
assigned by comparison with the coupled and off-resonance proton decoupled spectra as well as by the use of
shift reagents. Interesting and diagnostic features of the spectra allow the distinction between epimers.

INTRODUCTION

The *H NMR spectra of benzonorbornadiene and
benzonorbornene derivatives have been extensively
studied™ and have been the cause of considerable
controversy,>™ in particular regarding the shielding of
the 9-syn and 9-anti protons. However, due both to
complexity and inaccessibility, the 'H NMR spectra of
the 2-exo and 2-endo isomers of benzonorbornenes (1
and 2) have been little studied. The 2-protons of the
parent hydrocarbon were assigned by the magnitude
of the coupling to the bridgehead protons,> while the
stereochemistry of the two 2-bromo isomers has been
assigned on the basis of the chemical shift of the
2-proton.® A similar approach’ supported by IR
studies® was used to assign the 2-hydroxy isomers.

Recently Roberts et al® have made a *C NMR
study of norbornanes including exo and endo-
isomerism, and the *C NMR spectra of benzo-
norbornadiene’® and benzonorbornene'! have been
reported. We now report the use of **C NMR for the
assignment of 2-exo and endo-benzonorbornene
isomers.

RESULTS AND DISCUSSION

The >C NMR spectra of two new and ten previously
reported®!*'¢ exo- and endo isomers of 2-substituted
benzonorbornene are shown in Table 1. The chemical
shifts relative to tetramethylsilane, together with the
shifts relative to the parent benzonorbornene (l1a)
were determined in chloroform solution, off-resonance
proton decoupled speetra being used to assist assign-
ment. Previously reported stereochemical assignments
for the known compounds are in accord with the
observed carbon shifts. In addition, some useful diag-
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nostic features are immediately apparent. (a) The
difference between the chemical shifts of carbons 4a
and 8a (easily seen as low field singlets in the off-
resonance spectrum) are generally larger in the endo
than in the exo isomers. (The one exception is where
R =0OCHO; these epimers bear a 7-bond in the sub-
stituent R—this needs further study). (b) A considera-
bly larger downfield shift of C-8 is observed in the
endo series compared to the exo series. We attribute
this to orbital overlap of the substituent with C-8 in
the endo series while only 8-shifts are present in the
exo series. (c) Significant upfield steric compression
effects are evident at C-9 of the exo series while only
very small y-effects are noticed in the corresponding
endo isomers. This is in line with similar observations
in the norbornenes.’

We have further underpinned these assignments by
use of shift reagents. As a test case, the two hydroxy
isomers were thoroughly studied. It is seen that linear
downfield shifts are observed by addition of aliquots of
Eu(fod); to both isomers (Table 2). Furthermore,
these shifts and the stereochemical assignments for
these epimers are clearly in agreement since in the exo
isomer, the larger shifts are associated with carbons 2,
3,9, 1 and 4 in order, while in the endo isomer the
order is 2, 3, 8a, 8, 4a, 1, 4. Similarly, the assignments
for the amino and methylamino epimers are also con-
sistent with the europium shifts observed in these
compounds, but it is evident that angular as well as
distance relationships of the shift reagent must be
considered since negative (upfield) shifts are also listed

0030-4921/78/0011-0370801.50

370 ORGANIC MAGNETIC RESONANCE, VOL. 11, NO. 7, 1978

© Heyden & Son Ltd, 1978



A CARBON-13 NMR STUDY OF BENZONORBORNENE ISOMERS

Table 1. Carbon-13 NMR spectra of exo and endo isomers of 2-substituted benzonorbornenes

(1 and 2)
Carbon® 1 2 3 4 4a 5
2-Substituent 5 A® 8 A® 5 A® 8 AP s a® ) A®
H 43.75 27.13 27.13 43.75 148.06 120.40
exo-OH 62.15 8.40 73.25 46.12 3954 1241 4288 -0.87 149.42 1.36 120.61 0.21
endo-OH 50.31 6.56 71.32 44.19 3879 1166 4385 0.10 149.23 1.17 12044 0.04
exo-NH, 52.92 9.17 5341 26.28 3945 1232 43.36 -0.39 148.53 047 12118 045
endo-NH, 51.23 7.48 5165 2452 39.33 1220 4422 0.47 149.19 1.13 120.38 -0.35
exo-NHMe 48.04 429 6250 3537 37.33 10.20 4307 -0.68 149.03 0.97 121.18 0.45
endo-NHMe 47.05 3.30 60.14 3301 3650 9.37 43.62 -0.13 149.03 0.97 120.49 0.09
exo-NMe, 46.59 284 6972 4259 3445 832 4366 -0.11 149.13 1.07 120.52 0.12
endo-NMe, 47.52 377 6883 4170 3504 7.91 4393 0.18 148.92 0.86 119.98 -0.42
ex0-0CHO 49.32 557 75.69 4856 37.35 10.22 4273 -1.02 149.28 1.22 120.73 0.33
endo-OCHO 47.76 —401 7412 4699 3586 873 43.37 -0.38 148.08 0.02 12043 -0.30
exo-Br 49.79 6.04 53.68 26.55 41.18 14.05 44.22 0.47 148.04 -0.02 120.79 0.06
endo-Br? 48.72 4.97 5145 24.32 39.16 12.03 43.85 0.10 147.27 -0.79 120.21 -0.19
Carbon® 6° 7°¢ 8 8a 9 Others
2-Substituent 5 I 5 A® 5 A® 5 A® 5 A® 5
H 125.48 125.48 120.40 148.06 49.31
ex0-OH 126.08 0.60 125.50 0.02 12196 1.56 144.53 3563 4598 —3.33
endo-OH 126.48 1.00 125.59 0.11 12421 381 14179 -6.27 4825 -1.06
exo-NH; 125.48 1] 125.68 0.02 12059 0.19 146.39 -1.67 4539 -3.92
endo-NH, 12638 -0.10 126.33 0.85 12381 341 14256 -550 48.23 -0.02
exo-NHMe 125.50 0.02 125.68 0.02 12052 0.12 14648 -1.58 4591 —-3.40 NHMe—-35.04
endo-NHMe 125.49 0.01 126.25 0.77 123.32 292 14266 -540 4854 -0.79 NHMe-34.17
exo-NMe. 125.78 0.30 125.50 0.02 121.11 0.71 146.89 -1.17 4590 -3.41 NMe,—-44.35
endo-NMe;, 125.96 0.48 125.47 -0.01 122.63 2.23 143.44 -4.62 4911 —0.20 NMe,—44.81
exo-0CHO 126.70 1.22 125.97 0.49 12256 216 14294 -5.12 46.63 -—-2.68 CHO-160.66
endo-OCHO 125.78 0.30 126.50 1.02 12354 3.14 142,17 -589 4825 -1.06 CHO-160.84
exo-Br 126.14 0.66 126.84 1.36 122.03 1.63 144.05 -4.01 4687 -2.44
endo-Br® 124.10 -1.38 125.39 -0.09 overlaid 143.16 —4.90 48.23 -1.08

2 3 13C NMR chemical shift from TMS (ppm).

b A refers to the shift with respect to the 2-unsubstituted system. A minus sign

shift.

indicates an upfield

°These shifts for the 2-OH, 2-NMe, and 2-OCHO compounds may be reversed.
9 These results were taken on a 400 mg sample containing only 20% endo isomer and are thus less

reliable.

in three of these four isomers. From the McConnell-
Robertson'? relationship [AEuy; = k(3 cos? 6,— 1)r,3
where AEu; is the shift induced in proton i, r, is the
distance from the europium ion, 6; the angle between
the N-Eu axis and the C;...Eu axis, and k is a
constant] it is evident that an angle of between 55-
125° must be present in the case of the carbon nuclei
showing negative shifts.

In conclusion, **C NMR spectroscopy is a useful
technique for the structural assignment of exo- and
endo-epimers of 2-substituted benzonorbornenes.

EXPERIMENTAL

NMR spectra

Proton decoupled *C NMR spectra were obtained on
a Varian CFT 20 spectrometer (10 mm probe). All
spectra were determined in chloroform-d (400 mg in
1 ml solvent) at 35+2°C using TMS as internal stan-
dard and deuterium oxide as an external lock.

Table 2. Carbon-13 NMR shifts (ppm) of benzonorbornenes (1 and 2) addition of Eu(fod),

Compound Amount
(400 mg) Eulfod),
{1or2; R=) {mg) 1 2 3 4
100 0.60 2.25 0.71 0.37
exo-OH 200 1.16 4.87 1.38 0.96
300 1.76 7.60 2.17 1.47
100 0.47 2.51 0.77 0.40
endo-OH 200 0.86 4.47 1.42 0.78
300 1.25 6.50 2.03 1.17
exo-NH, 100 —1.00 3.88 0.76 0.67
endo-NH, 100 -1.63 3.40 0.69 0.50
exo-NHMe 100 0.43 2.67 0.68 0.50
endo-NHMe 100 224 5.19 1.74 0.80

Europium shifts {ppm)

4a 5 6 7 8 8a 9 Me
0.37 0.27 0.26 0.27 0.28 0.28 0.69
0.67 0.47 0.39 0.46 0.49 0.49 1.31
0.98 0.67 0.60 0.66 0.70 0.78 2.08
0.57 0.45 0.37 0.38 0.51 0.59 0.38
1.05 0.74 0.66 0.67 0.98 0.99 0.68
1.46 1.04 0.95 0.97 1.46 1.47 1.05
0.45 0.28 0.27 0.27 0.29 0.26 0.80
0.50 0.38 0.28 0.30 0.46 0.57 0.31
0.30 0.13 0.11 0.13 0.19 0.31 0.60 3.65
0.76 0.89 0.30 0.45 0.86 099 -1.85 6.15
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Compounds

Compounds 1a,'* 1b and 2b,'* 1d and 2d° and 1e, 2e,
1f, 2f, 1g and 2g">'° were prepared as previously de-
scribed.

Exo-2-hydroxybenzonorbornene formyl ester
(1c). This was prepared by refluxing 1b (2.0g,
12.5 mmol) with formic acid (98%, 1.5 g, 22.3 mmol)
for 12h. The reaction mixture was cooled, diluted
with water (10ml) and neutralized with saturated
sodium bicarbonate solution. The mixture was ex-
tracted with ether and the extracts washed with water,
dried and evaporated. Distillation of the oily residue
gave the formyl ester (1c) (1.86g, 81%), b.p. 140-
142°C at 18 mm, IR (liquid film) 3030, 2990, 2980,

2880, 2320, 1725, 1470 cm™* (Found: C,76.7; H, 6.5.
C.H,,0, requires C76.59; H6.38%).
Endo-2-hydroxybenzonorbormene  formyl ester
(2c¢). This compound was prepared using the method
described for 1¢, from 2b (2.0 g). The distilled oily
residue (1.8 g, 78%) had b.p.102°C at 1.5 mm, IR
(liquid film) 3040, 2995, 2690, 2890, 2370, 2340,
1730, 1475, 1465 cm™. (Found: C,76.5; H,6.1%.)
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