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The effect of chemical structure on chromatographic
multiple spot formation by sympathomimetic
amines in the presence of hydrochloric acid

K. J. BROADLEY AND D. J. ROBERTS*

Of 22 sympathomimetic amines chromatographed on paper from solution in distilled
water or concentrated hydrochloric acid, nine in the presence of hydrochloric acid
produce multispots which are not apparent when they are chromatographed from
distilled water. The presence or absence of the multiple spot phenomenon depends
upon the chemical structure of each amine.

YMPATHOMIMETIC catecholamines were recently shown by

Roberts (1964) to form multiple spots when they were chromato-
graphed on paper from solution in 10N hydrochloric acid using a phenol-
hydrochloric acid solvent system. Since the amines must have been
present as hydrochlorides under these conditions, the same acid was
being used in the salt and the developing solvent, and the multispots must
therefore have been different in origin from the spots previously reported
(Shepherd & West, 1952; West, 1959; Beckett, Beavan & Robinson,
1960a,b). Because this phenomenon may occur with the use of hydro-
chloric acid during the preparation of biological extracts for chromato-
graphy (Roberts, 1966) we have examined the chromatographic behaviour
of 22 sympathomimetic amines in detail.

Experimental

MATERIALS AND METHODS

The apparatus, materials and techniques used have been previously
described (Roberts, 1963; 1964). The amines (50, 100, 200 ug) were
chromatographed on Whatman No. 1 paper (washed with 0-0IN hydro-
chloric acid) from freshly prepared solution (10 mg/ml) in distilled water
or hydrochloric acid (10N). Each solution was then subjected to further
chromatography at intervals until discrete spots were no longer obtained.
The developing solvent was phenol containing 159, v/v 0-1N hydrochloric
acid and chromatography was at 25-30° by the ascending technique until
the solvent front had advanced at least 25 cm. Potassium ferricyanide
(0-5 g) in sodium hydroxide solution (100 ml, 0-5N) or ninhydrin (0-25 g)
in butanol (100 mi) followed by heating (120° for 3 min), were used to
locate the amines. The Rf values were measured from the centre of each
spot.

DRUGS
Phenethylamine hydrochloride, (-)-noradrenaline acid tartrate, dopamine
hydrochloride, metanephrine (m-0O-methyladrenaline), (4)-amphetamine

From the Department of Pharmacology, School of Pharmacy, Brighton College
of Technology, Moulsecoomb, Brighton, 7.

* Present address: The Department of Physiology and Pharmacology, School of
Pharmacy, Portsmouth College of Technology, Park Road, Portsmouth.
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sulphate, (-)-phenylpropanolamine (norephedrine) sulphate, (-4)-
phenylpropanolamine (dl-norephedrine), (+)-norpseudoephedrine hydro-
chloride (L. Light & Co. Ltd.), (-)-adrenaline acid tartrate, (4)-iso-
prenaline sulphate (Burroughs Wellcome & Co.), L-dopa, tyramine
hydrochloride (B.D.H. Ltd.), and phenylethanolamine (Aldrich Chem.
Co.) were obtained commercially. Noradrenalone acid tartrate, (-4)-N-
ethylnoradrenaline, (4)-N-butylnoradrenaline, (4-)-N-isobutylnoradrena-
line (Prof. A. S. V. Burgen), nordefrin (a-methylnoradrenaline ; Cobefrine)
hydrochloride, oxedrine (1-p-hydroxyphenyl-2-methylaminoethanol) tar-
trate, phenylephrine hydrochloride (Bayer Prod. Ltd.), metaraminol acid
tartrate (Merck Sharpe & Dohme Lid.), and Epinine (3,4-dihydroxy-
N-methylphenethylamine) hydrochloride (Dr. H. T. Openshaw) were ali
gifts for which we are most grateful.

Quantities quoted in the text refer to the amount of each amine calcu-
lated as base.

Results

All the results obtained are summarised in Table 1. In the presence of
hydrochloric acid the Rf value of every amine (spot d, Table 1) was always
significantly higher than that obtained when chromatography was from
distilled water, but only 9 of the amines showed the multiple spot pheno-
menon ; of these, adrenaline produced the maximum number of discrete
multispots over a seven day period (Table 1, Fig. 1). Thereafter all
spots gradually disappeared so that chromatograms of solution 8 weeks
old showed nothing more than a streak from the point of application to
very near the solvent front. The same sequence of events was observed
when the developed chromatograms were sprayed with ninhydrin, except
that all the spots now showed pink. Over the same 8-week period of
time solutions of adrenaline in distilled water produced only one spot on
chromatography.

Of the other 21 amines investigated, noradrenaline, N-ethylnoradrena-
line, isoprenaline, N-butylnoradrenaline, N-isobutylnoradrenaline, as well
as nordefrin, oxedrine and metanephrine all produced four or more
multispots. In each instance the phenomenon was always associated
with retention of amine at the application point (spot a) and a colouring
of the solutions on standing. Despite differences in Rf values, colour
reactions and the number of multispots produced, it was possible to
correlate each spot seen with these amines with one or other of the spots
seen with adrenaline under the same conditions (a-g, Fig. 1 and Table 1).
All other amines giving spot ¢ did so after only 24 hr contact with the
hydrochloric acid, in contrast to the 7 days required with adrenaline.
The remaining 13. amines did not show baseline retention, did not form
coloured solutions on standing and, with the exception of phenylephrine
which showed spot f after 24 hr, did not produce multispots relatable to
those described for adrenaline.

Epinine, metaraminol, phenylethanolamine, (-)-phenylpropanolamine
and amphetamine did, however, produce two spots when chromatographed
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in the presence of 10N hydrochloric acid. Of these, the first three showed
similar double spots when chromatographed from solution in distilled
water and no further explanation of the phenomenon was sought. The
remaining three amines showed only single spots when chromatographed
from distilled water, but the extra spots obtained in the presence of
hydrochloric acid had identical Rf values. These spots were characterised
by a charring of the paper, and were subsequently shown to be associated
with the use of amine sulphates when ninhydrin followed by heating was
used to detect the amines. The hydrochloric acid presumably displaces
the sulphate which then undergoes chromatographic separation as sul-
phuric acid.
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Fic. 1. Multiple spot phenomena exhibited by adrenaline acid tartrate (200 pg)
when chromatographed from hydrochloric acid (10 N) immediately after (B), 24 hr
after (C) and 7 days after (D), preparing the solution 10 mg/ml. At A, adrenaline
acid tartrate chromatographed from solution in distilled water. Developing solvent,
phenol containing 15% v/v 0-1 N HCI. The spots are labelled a - g to correspond
with the text and Table 1.

Conversely, L-dopa formed two spots when chromatographed from
solution in distilled water, but only one when 10N hydrochloric acid was
used. A possible explanation of this phenomenon is that the dilute acid
conditions prevailing in the developing solvent cause only partial con-
version of the dopa in aqueous solution to the zwitterion form, in contrast
to the complete conversion expected in the presence of 10N hydrochloric
acid.

Discussion

Adrenaline and phenethylamine both form discrete single spots when
chromatographed on paper from solution in distilled water, but whereas
chromatography from 10N hydrochloric acid again results in the formation
of one spot (d) only from phenethylamine, under these conditions the
production of six additional spots is demonstrated with adrenaline. An
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examination of Table 1 indicates that this difference in the chromato-
graphic behaviour of the two amines results from substitution of the
phenethylamine molecule.

The substituent common to all the amines showing multiple spot
formation is an alcoholic B-hydroxyl group in the side-chain. When this
group is removed (adrenaline to Epinine, noradrenaline to dopamine) or
replaced by a ketone oxygen (noradrenaline to noradrenalone) the multiple
spot phenomenon is not observed. However, the presence of an alcoholic
B-hydroxyl group alone [phenylethanolamine, (-)-phenylpropanolamine]
is not in itself sufficient to result in the formation of multispots, for extra
spots in the presence of 10N hydrochloric acid are only seen when the
benzene ring also contains an hydroxyl substituent. The position of this
phenolic hydroxyl group is important. Its presence in the para-position
(oxedrine) is associated with the production of a coloured solution in 10N
hydrochloric acid, and with the formation of spots a (retention at the
point of application), b, e and g. In contrast, meta-substitution of a
phenolic hydroxyl group (phenylephrine) is associated solely with the
formation of spot f from acid solutions of amine 24 hr old. The presence
of spot ¢, on the other hand, is only evident when the alcoholic S-hydroxyl
group is accompanied by both meta- and para-phenolic hydroxyl groups.

Catecholethanolamines are therefore expected to produce a total of
seven spots (a—g) following chromatography from solution in 10N hydro-
chloric acid. Of the eight amines investigated, however, adrenaline and
N-ethylnoradrenaline are the only ones which fulfil this expectation.
The results with the other amines indicate a further set of structural
requirements for the formation of individual spots which influence their
formation even when phenolic and alcoholic B-hydroxyl groups are
present. Spot f, for example, is not evident in the absence of substitution
on the primary amino nitrogen (metaraminol, noradrenaline, nordefrin)
or when the meta-hydroxyl group is O-methylated (metanephrine). On
the other hand, when the N-alkyl substituent is greater than ethyl
(isoprenaline, N-butylnoradrenaline, N-isobutylnoradrenaline) spot b is
not formed. In addition, the substitution of a methyl group on the
a-carbon atom, as in nordefrin, prevents it forming a spot equivalent to
¢ although it is a catecholethanolamine with a primary amine nitrogen.

Several points of interest arise from our findings. When hydrochloric
acid is used during the production of concentrated extracts of biological
material for chromatography, the number of spots obtained need not
necessarily indicate the number of amines present in the starting material
(Roberts, 1966). This could have special significance during the investi-
gation of the metabolism of a pure amine. Furthermore, we have found
that the substances responsible for the spots corresponding to ¢ are
dibenzocycloheptatrienes of the type described by Kawazu (1958a,b).
The close structural resemblances of these compounds to the antidepressive
iminodibenzyl derivatives prompted us to postulate an in vivo synthetic
route and a depressive pathological function for noradnamine, the nor-
adrenaline dibenzocycloheptatriene (Roberts & Broadley, 1965). It may
be significant that following the intracisternal administration to cats some

186



MULTIPLE SPOT FORMATION BY SYMPATHOMIMETIC AMINES

sympathomimetic amines caused arousal while others caused stupor
(Leimdorfer, 1950); those amines which resulted in stupor are those
which in our experiments formed multispots in the presence of hydro-
chloric acid.
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