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1 - Methy! - 3 - n - butyl - 3 - cyanopyrrolidine
(XX).—Similarly, 8.1 Gm. (48.59%) of XX, b.p.
136° at 25 mm., was obtained from 184 Gm.
(0.1 mole) of n-butyl iodide; picrate, m.p. 158-160°.

Anal—Caled. for C;¢HxN;O07: N, 17.71. Found:
17.78, 17.62.

1 - Methyl - 3 - cyclopentyl - 3 - cyanopyrrolidine
(XXI).—Similarly, 17.9 Gm. (0.12 mole) of cyclo-
pentyl bromide yielded 3.3 Gm. (18.7%,) of XXI,
b.p. 106-108° at 5 mm.; picrate, m.p. 204—206°.

Anal—~—Caled. for CzHuNzO7: N, 16.78. Found:
17.10, 17.21.

1 - Methyl - 3 - benzyl - 3 - cyanopyrrolidine
(XXII) —Similarly, 11.5 Gm. (57.6%) of XXII,
b.p. 134-136° at 2 mm., was obtained from 12.7
Gm. (0.1 mole) of benzyl chloride; picrate, m.p.

176-177°.

Anal—Calced. for C;yH4N;O07: N, 16.31. Found:
16.12, 16.38.

1 - Methyl - 3 - (1 - methyl - 3 - pyrrolidinyl)-

3 - cyanopyrrolidine (XXIII).—Similarly, 19.7 Gm.
(0.12 mole) of freshly prepared VI yielded 2.7 Gm.
(13.8%) of XXIII, b.p. 120-126° at 8 mm.; di-
picrate, m.p. 232-233° dec.

Anal—Caled. for C23H25N9014Z
19.60, 19.52.

1 ~ Methyl - 3 - (2 - dimethylaminoethyl) - 3-
cyanopyrrolidine (XXIV).—Similarly, with double
the amount of sodium amide used for the preceding
compounds, 28.0 Gm. (0.12 mole) of 2-dimethyl-
aminoethylbromide hydrobromide yielded 2.9 Gm.
(16.2%) of XXIV, b.p. 110-112° at 6 mm.; di-
picrate, m.p. 148-150° (opaque liquid), clear at
155-160°.

N, 19.35. Found:
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Anal —Caled. for C22H25N90142
19.60.

N, 19.71. Found:
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Separation and Quantitative Determination of

Adrenaline Using Thin-Layer Chromatography

By N. H. CHOULIS

The separation of adrenaline from noradrenaline and dopamine and its quantitative

determination using thin-layer chromatography have been studied. A complete spot

separation of the above amines can be achieved by the use of cellulose thin layers

and a phenol-water solvent system. For the quantitative determination of the sepa-

rated adrenaline two methods were used, namely (#) a method studying the

weight/area relationship of the spots and (4) 2 method employing elution of the
spots and measurement of the ultraviolet absorption of the eluents.

PAPER CHROMATOGRAPHIC methods for the

separation of catecholamines and related
compounds using various solvent systems have
been reported (1, 2). These methods require
5-20 hr. for a satisfactory development of the
chromatograms, and as a result of the prolonged
exposure, oxidation of the catecholamines to the
corresponding red aminochromes is usually
observed on the paper.
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Thin-layer chromatographic methods have
often been used for the separation of various
components of a mixture. The importance of
this method and the ease with which it is carried
out have been generally recognized since Stahl
(3-5) introduced it as an analytical tool.

A complication in the interpretation of chro-
matograms of catecholamines (on paper or thin-
layer chromatography) may result from the pres-
ence of multiple spots which are sometimes pro-

duced during chromatography of pure substances



Vol. 56, No. 2, February 1967

(6-11). Multiple spots are formed when cate-
cholamines are chromatographed in the presence
of acids (i.e., dichloro- or trichloroacetic, picric,
ete.) and also when pure samples of salts of
catecholamines (tartrate, hydrochloride) are
chromatographed in #-butanol-HCl or #-butanol-
acetic acid-water solvent systems (2, 12).

Adrenaline and noradrenaline have been pre-
viously chromatographed on buffered silica gel
plates, using a 709, sohition of ethanol as sol-
vent system (13). Waldi (14) has also achieved
the separation of adrenaline, noradrenaline, and
serotonin and other catecholamines on Silica
Gel G plates, but after conversion of the amines
to their acetyl derivatives,

For quantitative thin-layer chromatography
a number of methods have been used. Seher
(15) has suggested that in thin-layer chroma-
tography the weight of the material and the spot
are proportional. Purdy and Truter (16) found
that quantitation is based on a linear relationship
existing between the square root of the area of a
component after chromatographing, and the
logarithm of the weight of the applied sample;
according to them Seher’s data as well as that of
Stahl (17) and Breuner and Niederwieser (18)
fit the relationship for loads of 1-80 mcg. per
spot. Pelka and Metcalf (19) examining long-
chain tertiary amines, found the method applic-
able for loads of approximately 200 mcg.

Recently Morrison and Orr (20), in an analysis
of selected pharmaceutical mixtures in tablet
and capsule forms, by using thin-layer chroma-
tography, obtained quantitative results from
the developed chromatograms. A linear rela-
tionship between the spot area, in sq. mm., and
the weight of the spot was observed.

The method was applicable for concentrations
up to 250 mcg. However, this method requires
a satisfactory spray reagent, otherwise its use for
quantitative work is doubtful.

Ganshirt et al. (21) used the thin-layer chroma-
tography for the quantitative assay of a number
of bile acids, and Zollner et al. (22) found the
method applicable for the quantitative estima-
tion of cholesterol esters.

Millett et ai. (23) described other techniques
for quantitative thin-layer chromatography using
furoic and hydroxymethylfuroic acids as model
compounds. An application of thin-layer chro-
matography for quantitative assay of trypt-
amine was suggested by Eble and Brooker (24).

The purpose of the present paper is to provide,
by means of thin-layer chromatography, a rapid
method of separation and quantitative deter-
mination of catecholamines.
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EXPERIMENTAL

Materials.—Adrenaline, dopamine, and noradren-
aline were used. Adrenaline and noradrenaline
were liberated from the hydrochloride and bitartrate
monohydrate salts, respectively, by the addition of a,
dilute ammonium hydroxide solution containing a
trace of sodium metabisulfite. The precipitates
were filtered off, washed with water, methanol,
ether, and dried at low temperature. Thin-layer
chromatography, melting point determinations, and
infrared spectra analysis demonstrated that each
compound had a high degree of purity.

Solvent Systems.—The following solvent systems
were used: (I) n-butanol-acetic acid—water, 4:1:5
v/v (the liquids were shaken together and set
aside overnight; the organic layer was separated
and used as the running solvent). (2) n-Amyl
alcohol-acetic acid-water, 4:1:5 v/v. (3) Meth-
anol-acetone—triethylamine, 50:50:1 v/v. (4) Di-
methylformamide. (5) Phenol-water, 8:2 w/w.

Detection.—The spots were visualized by spray-
ing the plates with a solution of 0.6 Gm. of potassium
ferrocyanide and 0.5 Gm. of sodium hydroxide in
100 ml. of water (25).

An ultraviolet lamp was used also to locate the
spots in cases where spraying reagents had to be
avoided.

Thin-Layer Plates.—All plates used were 20 X 20
cm.
Using MN 300G cellulose powder (Machery,
Nagel & Co.) Silica Gel G (Merck), and aluminum
oxide G (Merck), plates were prepared according
to Stahl (3). The plates were kept in a desiccator
using calcium chloride and reactivated at 100°
for 5 min. before use.

Methods

Separation of Amines.—Two per cent solutions
of the amines were prepared using a 59, acetic acid
solution in water. One-tenth microliter quantities
were applied 1.5 cm. from the bottom edge of the
plates. A distance of 10 cm. from the origin was
marked off, and ascending chromatograms were
run to this mark (at room temperature).

Quantitative Determination of Adrenaline.—
Weight/Area Relationship.—A solution of adrenaline
was prepared by dissolving 300 mg. of pure compound
in 10 ml. of a 29, solution of acetic acid in water,
in a 10-ml. volumetric flask. Using a micropipet,
quantities of 1 to § ul. were applied to the plates 1.5
cm. from the bottom edges. Ascending chromato-
grams were run (at room temperature),

When the solvent front reached the 10 cm. mark
(60~70 min.), the plates were removed and air dried,
sprayed, and the spot areas were measured by
means of a photovolt Densicord (model 52-C);
the graph plotted by the instrument was rendered
quantitative by an clectronic integrator (Integraph
model-49) adapted to the Densicord, and which
calculated the spot area which then was expressed in
the equivalent square centimeters by the use of a
Gelman spot calculator. The area of the spots
representing the various concentrations was taken
and plotted, using the appropriate relationship.

Elution of the Spots—A solution of adrenaline
was prepared by dissolving 100 mg. of the amine
in 3 ml. of a 29 solution of acetic acid in water
(master solution). Five different concentrations
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of the amine were prepared by diluting quantities of
1 to 5 ul. of the master solution into 10-ml. volu-
metric flasks and bringing up to the volume using
the same solvent. The ultraviolet absorption
of each solution was taken at 280 my, and from the
values obtained, a standard curve was plotted.

Quantities of 1 to 5 ul. of the adrenaline solution
(master solution) were applied to thin-layer plates
of either silica gel or alumina, and the chromato-
grains were run in the usual manner.

After drying the plates, the spots were located
using an ultraviolet lamp and were marked off.
Each spot was then scraped off into small conical
flasks. The adrenaline was eluted from the coating
material by adding about 7 ml. of the solvent.
Each flask was shaken well for about 10 min.,
centrifuged, and filtered into 10-ml. volumetric
flasks. Solvent was added to volume.

No adrenaline residues were found on the filter,
testing with the detection reagent (25).

A similar elution process was followed for a blank
sample of the coating material alone.

Ultraviolet absorption of each solution was taken
at the same wavelength as above (280 mu), and the
values obtained after reducing the absorption due
to the blank were recorded next to the standard
curve and compared.

To all solvent systems used, small quantities of
sodium metabisulfite were added as antioxidant.
All chromatograms were carried out in chromato-
graphic chambers enriched in nitrogen atmosphere.

RESULTS AND DISCUSSION

All experiments were performed in duplicate.

The results for the separation of the amines,
using alumina, cellulose, or silica gel plates and the
various solvent systems, indicate that although
there was a considerable movement of the amine
spots on alumina plates, when No. I and 2 solvent
systems were used, the mixture of the threc amines
could not be separated completely, since the ob-
served R; values were very close together. A
complete separation, however, between dopamine
and noradrenaline can be achieved, when the No. 1
solvent system is used.

Similarly on silica gel plates, separation between
two amines can be observed, but not complete sepa-
ration of the three amines.

On cellulose thin layer, solvents No. I and 2
showed a partial separation between the amine
spots, but when phenol-water (solvent No. 5)
was used, the separation between the three amines
was complete (Fig. 1). This indicates that among
the layers studied, only that of cellulose, along with
the phenol-water solvent system, can give a com-
plete separation when even large quantities of the
amines are used.

However, for very small loads (1-30 mecg.)
combinations of the above-mentioned solvent sys-
tems and alumina, cellulose, or silica gel plates
would give complete separation of the amines with
the exception of alumina plate and the No. 3
solvent system. Furthermore, in no case was
separation between adrenaline and noradrenaline
observed when alumina and the No. 4 solvent sys-
tem or silica gel and the No. 3 or 4 solvent systems
were used, but a complete separation of these
amines from dopamine always occurred.
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Fig. 1.—Thin-layer chromatography of adrenaline
[1], dopamine [2], and noradrenaline [3] on cellulose
layers using various solvent systems. Solvents: I,
n-butanol-acetic acid-water, 4:1:5 v/v; II, n-amyl
alcohol-acetic acid—water, 4:1:5 v/v; III, phenol-
water, 8:2 w/w.

The results obtained for the quantitative esti-
mation of adrenaline by applying the weight/area
relationship method when n-butanol-acetic acid-
water or phenol-water solvent systems were used
are shown in Figs. 2 and 3, respectively. In Fig, 4
results obtained from the elution method are de-
picted.

For the weight/area method, a linear relationship
between the spot area and the weight of the com-
pound has been found when silica gel or alumina
plates and either solvent systems No. I or § were
used. This relationship shows the dependence of
the area of the spot upon the amount of the sample
used, and although the size of the spot varied with
the thickness of the layers, the temperature of the
cxperiment and the purity of the solvent used, the
observed results were reproducible within =5%,.
However, it is advisable ro run on the same plate
both the standards and the sample.

Although the best separation of adrenaline from
the other amines was achieved on cellulose plates,

1.50

1.00 4

WT., mcg.

0.50

AREA, cm.?

Fig. 2.—Weight/area relationship of adrenaline
spots when n-butanol-acetic acid-water, 4:1:5 v/v
solvent system, was used. Key: ------- , silica
gel plates; ——, alumina plates.
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Fig. 3.—Weight/area relationship of adrenaline
spots when phenol-water, 8:2 w/w solvent system,
was used. Key: - --- - - -, silica gel plates;
——, alumina plates.

using the phenol-water solvent system, it was
found that for the quantitative estimation of the
separated amine, alumina or silica gel plates and
the No. I solvent system gave the most accurately
reproducible results (Fig. 4).

The recovery of the compounds, after the elution
of the spots, was 93 and 979, respectively, for thin
layers of alumina or silica gel. The lower recovery
on the alumina thin layer can be attributed to the
strong adsorption forces by which the substance is
held on the alumina (11). A recovery of below
859, was observed when cellulose layers were used.
Here the adsorption and partition forces influence
the recovery (11).

However, for quantitative determination of
adrenaline, the above-mentioned methods may be
regarded as simple and accurate, though the second
method has been found more reliable, since factors
which might have influenced the spot area in the
first method are involved only to a certain extent
in the elution method.

The use of these methods can also be extended for
quantitative determination of other sympathomi-
metic amines and other compounds.
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