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Characteristic infrared (I R) frequencies
are described which are only visible in
the spectra of tertiary amines with a
trans-diaxial orientation of the free
electron pair of a nitrogen and an adja-
cent hydrogen. These bands allow re-
searchers to distinguish between cis-
and trans-quinolizidines, a ring system
present in many alkaloids. [The SCI® in-
dicates that this paper has been cited in
over 520 publications since 1961.1
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“This paper was written while I was
interested in the stereochemistry of
matrine1 and related alkaloids. While
transforming matrine into derivatives ~
was obvious that infrared (IR) bands in
the region between 2,700 and 2,800
cm-1 depend on the stereochemistry
and conformation of the quinolizidine
part. By preparing several model com-
pounds, including deuterated ones, the
origin of these JR bands could be ex-
plained. In addition to investigations of
quinolizidine and of the isomeric hexa-
hydrojulolidines, the JR spectra of sev-
eral natural compounds and in part spe-
cifical~y deuterated derivatives also
were measured. The deuterated quino-
lizidines especially clearly showed that
corresponding lR bands also were pres-
ent for C-D valence vibrations. Further-
more, the limitation of the occurrence
of these bands was tested. As expected,
the so-called ‘trans bands’ disappeared
in the corresponding enamines,

N-oxides, or ammonium salts. The spe-
cial nature of the hydrogens oriented
trans-diaxial to the free electron pair of
a nitrogen was visible also in the
enhanced reactivity in some reactions
of quinolizidine derivatives if com-
pared with the reactivity of the cor-
responding cis-hydrogens.

“After moving to the Technical Uni-
versity of Berlin, together with D. Schu-
mann, I demonstrated that the charac-
teristic differences of these types of
hydrogens also could be shown by 1H
and 2H NMR spectroscopy.2 While in
tertiary amines, IR spectra allow the as-
signment of trans-diaxial oriented a-hy-
drogens. The chemical shifts of the cor-
responding cis-hydrogens are charac-
teristic in the 1H NMR spectra; thus
both methods are complementary.

“Our investigations in the first years
at Berlin then dealt with the structure
elucidation of further lupine alkaloids.
Again the characteristic lR bands were
important to elucidate the stereochem-
istry of several a’kaloids. Furthermore,
conformations in solution could be
studied, for example, in the sparteine
series.

“Why has this paper been frequently
cited! The described empirical rule in
the ~Rspectroscopy of tertiary amines
was extremely useful, as the number of
alkaloids which are derivatives of quin-
olizidine or of related compounds has
been raised dramatically in the last 20
years. An extremely large group is the
indol alkaloids, which are mostly de-
rived from quinolizidine. However,
also in other tertiary amines with a-by-
drogens, the presence or absence of
these lR bands are of high diagnostic
value.”3 I
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