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Abstract

2 3d, Naphthaienc 2. 2d,-azukene 3, 6-d,-azulenc 4 and 1.3-d,-azukene $ have been synthesized

The 100 6 MH? '\C-NMR spectra of these compounds show long range isotope cffects compared with
the unlabelled matenals over up to sz bonds Semiempincal MO calculations fail to account for the

deuterium 1sotope effects

Deutenum 1sotope effects on NMR chemical shifts
have heen known for a long time,' however the true
cause for downfield and upfield long range deuterium
sotope  effects s under intensive current  dis-
cussion * '° The observation of a ;y-downfield 1sotope
effect of 0.17 ppm 1n the "'C-NMR spectrum of the
cyclohexenyl cation | was interpreted by Saunders as
“1sotopic perturbation of resonance” *
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Since then, ;- and & -downfield 1sotope effects have
been found by Gunther' in cyclopentanc and cy-
cloheptane, where clearly a resonance perturbation
can not exist Other explanations of downfield iso-
tope cffects include 1sotopic perturbation of equi-
hibrnium.* different abibty of hydrogen bonding for
OD- and OH groups.* and conformational effects *

A further discussed reason for downfield deutenum
1isotope effects 15 the less efficient hyperconjugative
clectron release of deuternum atoms located 1n beta
position to a resonance system '° Very recently even
through space deuterium isotope effects 1in para-
cyclophancs have been proposed ° Although all these
different mechamisms may be vahid in certain cases.
we would hke to show, that similar cffects can he
found in compounds where all these explanations can
not be correct
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RESULTS AND DISCUSSION

We have therefore synthesized 2 3-d,-naphthalene 2
and a senes of deutenated azulenes 3-8, all com-
pounds in which conformational effects or equlibrium
1sotope effects as well as intermolecular interactions
are neghgible. Since the deutenum atoms are bounded
directly 1o the aromatic nng system the 1sotope effects
can not be understood 1n terms of hyperconjugation.

The results of the "C-NMR mcasurements are
givenin the Table 1 for the compounds 2-5, these have
been obtained by mixing unequal amounts of labelled
and unlabelled matenal in d,-acetone to facilitate the
relative assignment of the isotopically sphtted reso-
nances Positive sign of the values given 1n parts per
bilhon (ppb) indicates a downfield deutenum 1sotope
effect

The 2- and f-eflects are in the same order as
previously reported for similar compounds.'' In
naphthalene 2 the carbon atoms at the y- and the
é-position with respect to the deutenation show no
1sotope sphitting Surpnsingly, however, the signals of
the carbon atoms 6 and 7 do display a small 1sotope
cflect of - 10ppb In the azulenes 3 and 4 both
7-1sotope effects are positive, furthermore we find 1n
both molecules upfield 1sotope effects over six
bonds '* Hence 1n both molecules the 1sotope effect 1s
first of negative sign. changes its sign at the y-position
and changes again at the « -position. In 8 we find only
negative 1sotope effects as in 2

1t has been argued'' that deutenum isotope effects
could anise 1n addition to the mechanisms mentioned
above from an “inductive’” 1sotope effect. Due to the
lower sero point motion of the heavier 1sotope and
the unharmonic vibrational potential the deutenum
atom 1s at the average closer to the carbon atom than
hydrogen Neutron diffraction studies found a CD
distance in deutenated naphthalene of 1 073 A'* com-
pared with the averaic CH distance 1n aromatx
compounds of 1085A.' The closer CD distance
would lead 1o an inductive effect, which in r-systems
could be transmitted even to carbon atoms rather far
apart from the side of deuteration If the observed
sphtungs are due to such an “inductive 1sotope
effect™ one would expect that the signs of the subsn-
tuent increments of an inductive group such as the
methyl group would correlate with the signs of the
isotope sphitings This, however, 1s not the case, as
shown by a companson with the "C-NMR spectra of
methyl substituted azulenes' and naphthalenes.'’
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Table 1

S. BexGer and H Kunzer

Deutenum 1sotope effects in the '"C-NMR spectra of the compounds 2-$

Comapaund Carhon atoamse
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Values given in pph, negastive aign indicates upfield deuterium isntope

effect,

To get further insight into the nature of these
1sotope  effects, we have carned out some semi-
empincal MO-<alculations on the INDO.'" the
CNDO:2 and the MNDOC " level For this purpose
the geometnes of naphthalene and azulene were
optimized with the MNDOC program. The deu-
tenum label was then simulated by shortening the
C H distance at the substitubon site from 1.09 to
107A 1n 0.05 A steps The SFC accuracy was good
enough to give a consistent change in the electron
density for all carbon atoms The changes in o- and
n-electron density were taken as a measure of the
1sotope effect. The INDO and CNIO.2 programs
correctly reproduce the 2 -isotope effects giving about
2 millielectron higher ¢lectron density at the 2 carbon
atoms This 15 expected as judged from the well
known relationship of about 160 ppm per electron
However, already the f-cffect was predicted by all
programs to be of opposite sign compared with the
2-effect,  whereas experimentally all x2- and
fi-deutenum 1sotope effects are negative. The pro-
grams predict that o -clectron change 1s dominating at
the a-position, whereas n -clectron changes cause the
sign reversal at the f-position. At longer distance
n-electron changes become of equal magnitude as the
a-clectron changes The calculated differences in elec-
tron densities between the normal and the deuteriated
compounds. however, do not correlate with the ex-
penmental results

The IR-spectra of azulene and of deutenated denv-
atives  of aczulene have been extensively in-
vestigated *' ¥ The authors discuss the possibility of
Fermi resonance between the CH wibrations. es-
pecially for the 2 and 6 positions ** Therefore, on
deutenation of one CH group the wibrational behav-
1our of even distant CH groups can be affected. The
very small deuterium isotope effects observed by
""C-NMR could possibly be viewed at as a NMR-
detection of the different vibrational situation of the
deutenated compound To make quantitative predic-
tions which are based on this model. however. 1s not
possible at the moment

CONCLUSION
We have shown that long range deuterium 1sotope
effects can be observed in molecules where the mech-
anisms discussed 1n the hterature are not vahd Semi-
empincal MO calculauons fail to reproduce the ex-
perimental results  Further investigations for an

appropnate model, which explains the data in deu-
teriated aromatic compounds are necessary

FEXPERIMFNTAL

2 3-d,-Naphthalene 2 was prepared by the deu-
tenodebromination procedure'' (rom 2.3 - dibromo - naph-
thalene *! The compound was punfied by GLC MS analysss
showed a deutenum distnbution of 3°, d,, 26°, d,. $8°, d,
and 13, d, This. however, did not affect the results of the
MC-NMR measurements 2.d-Azulenc 3 was prepared
according to the procedure given by Alder ™ 6-d-Arulenc 4
was prepared using the ungle pot version of the Hafner
arulene  synthenis™  warung  from  4&d.pyndine ™
1.3-d,-Arulene was obtained by H D exchange of azulenc ™
The 100 6 Mi{7 "C.NMR spectra were taken on a Bruker
WH. 400 spectrometer in d,-acetone solutions The mea-
surements have been repeated several times. first with the
pure deuteriated compounds and then after subsequent adds-
tion of small amounts of the unlabelied matenal The spec-
tral width was set to 1000 H7 for naphthalenc and to 3000 Hs
for azulene, 64 K spectra were taken to allow a digital
resolution of better than 0 | H2 point after the Fourier
Transform Gaussian multiphcation® of the FID was used to
increase the resolution
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