
Introduction

The calcium antagonists are a heterogeneous group of car-
diovascular drugs used to block the entry of calcium ions
into nerve cells, producing a reduction in peripherical vas-
cular resistance. This class of compounds (dihydropyridines)
are 4-aryl-1,4-dihydropyridine 3,5-dicarboxylates. The ester
functions in the 3,5-positions may be varied widely without
a significant reduction in potency. They proved, however, to
be important in respect to vascular selectivity and duration
of action, both of which are critical parameters for the selec-
tion of an antihypertensive agent. The calcium antagonist
nimodipine is chemically isopropyl-2-methoxyethyl 2,6-
dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicar-
boxylate. Nimodipine is used for the prevention or treatment
of delayed ischaemic dysfunction following subarachnoid
haemorrhage, and is currently widely studied in impaired
brain function in old age and in senile dementia [1-5]. The
chemical synthesis of nimodipine leads some pyridine deriv-
atives as well. The most important impurities are: a) 2-
methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3-nitro-
phenyl)pyridine-3,5-dicarboxylate, b) bis(1-methylethyl)
2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-
dicarboxylate, and c) bis(2-methoxyethyl) 2,6-dimethyl-4-(3-
nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate. 

The quality requirements for pharmaceutical compounds
continue to become even more stringent. As a result, the
choice of purification processes and the optimization of
purification conditions have became increasingly important.
Purification is a key process for the commercialization of
chemical compounds. This is especially the case of phar-
maceutical compounds which require high quality.

The impurity (a) must be controlled in the industrial
process of nimodipine. It is necessary to have a standard of
this compound to check the production of nimodipine.
Chemical structures of nimodipine and its impurities are
shown in figure 1.

The present paper describes the optimization of chro-
matography methods from analytical to preparative scale
using silica C18 as stationary phase to isolate gram quanti-
ties of analytically pure 2-methoxyethyl 1-methylethyl 2,6-
dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate. There
is not any reference in the literature describing a chromato-
graphic method to purify this compound.

Analytical high-performance liquid chromatography
(HPLC) is a widely applied technique and its obvious exten-
sion, preparative HPLC, is now well developed and it may
be utilized succesfully in the quantitative separation of com-
plex mixtures [6-9].

Experimental

Apparatus

The instrumentation used for analytical chromatography was
from Waters (Milford, MA, USA) consisting of a Waters
600E Gradient Module, a Waters 484 tunnable absorbance
detector and a Waters 745B recorder. The Waters 484 detec-
tor was equipped with a 10 mm flow cell path length.

For preparative chromatography, the high performance
liquid chromatographic apparatus consisted of a Waters
Delta Prep 4000 equipped with a Rheodyne sample injection
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valve (Model 7010) (Rheodyne, Cotati, CA, USA), an auto-
matic sample loader (Waters 170), a Waters 484 tunnable
absorbance detector, a Waters 745B recorder and a Waters
fraction collector to recover the isolated compounds. The 
3 mm path length of the 484 detector’s preparative flow cell
is ideal when high concentrations of UV absorbing material
are present.

Materials

2-methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3-nitro-
phenyl)pyridine-3,5-dicarboxylate was supplied by Astur

Pharma (Asturias, Spain) and it was obtained by chemical
synthesis. Some grams were synthesized in the laboratory of
the Research and Development Department according to the
Michael addition procedure using 1,4-dihydropyridine with
appropiate functionality as precursor. Solvents for chro-
matographic separations (methanol and water) were
LiChrosolv grade (Merck, Darmstadt, Germany). Mobile
phases were filtered through a 0.2 µm filter (Millipore,
Bedford, MA, USA) and degassed prior to use.

Columns

For analytical separations a Nucleosil C18 100 Å (4.6 ×
250 mm, 10 µm) column was used. Preparative separations
were conducted on a Nucleosil C18 100 Å (22 × 250 mm,
10 µm) column. Prior to use and at the end of a day of mul-
tiple runs, the columns were washed with acetonitrile.

Results and discussion

The 2-methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3-nitro-
phenyl) pyridine-3,5-dicarboxylate was analytically chro-
matographed in order to characterize and separate the 
impurities and to develop conditions for use in a wider diam-
eter column of the same packing material. Analytical sepa-
ration was achieved using a reversed phase column Nucleosil
C18 100 Å. 20 µg sample of crude pyridine (20 µL of a 1
mg mL–1 solution in the mobile phase) was injected into the
column and it was chromatographed at a flow rate of 1 mL
min–1. The analysis were carried out with methanol-water
(75:25) as mobile phase at ambient temperature. Good sep-
aration between pyridine and the impurities was obtained.
The column effluent was monitored at 254 nm. Figure 2
shows the analytical chromatogram. All the peaks identified
have been labeled in the figures. The analysis showed a
purity of 90.2%. Standard curves were run showing that
absorbance was linear for the concentration ranges encoun-
tered for the compound used in the experiments. The chro-
matographic conditions were used to determine the operat-
ing conditions of the preparative system.

Whereas analytical chromatography emphasizes the reso-
lution and identification of each fraction that elutes from the
column, preparative chromatography emphasizes the purity
and yield of the desired final product. The quantity of sam-
ple that can be processed in a given time is referred to as
throughput, an important factor in scaling up. If large
amounts of purified material are needed the column should
be overloaded. Even though peaks are overlapping, a heart-
cut will produce a highly purified component with a greater
throughput per unit of time than is possible by separation at
the loading limit [10-12].

There are two ways in which a column may be techni-
cally overloaded. First, the volume of the injected sample
may be so large that eluted peaks are significantly wider
than those from analytical samples. Second, the concentra-
tion or quantity of solute injected may be so high that, even
with a very small injection volume, the resulting peak is
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Fig. 1. Chemical structures of nimodipine and its impurities: a) 2-
methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-
3,5-dicarboxylate, b) bis(1-methylethyl) 2,6-dimethyl-4-(3-nitro-
phenyl)-1,4-dihydropyridine-3,5-dicarboxylate, and c) bis(2-methoxy-
ethyl) 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicar-
boxylate.



wider than that from an analytical sample. Under these con-
ditions peaks will be asymmetric, showing sharp fronts and
extended tails. A traditional way to optimize the load is to
increase the injected quantity until the two peaks touch. This
is called touching-band optimization. 

Figure 3 illustrates the chromatograms that result from
injecting different weights of solute onto an analytical col-
umn. As sample size is increased the bands will just touch.
At large sample load, the components of the sample inter-
fere and the elution peaks are modified. The touching bands
approach is appropiate for research and development, where
some grams of purified product will often suffice for a given
application. The sample contains several impurities.
However, only the impurity bands that are immediately adja-
cent to the product band are of interest in preparative chro-
matography.

Having demonstrated the utility of a reversed-phase pack-
ing, we proceeded to scale up our preparative reversed-phase
procedure, achieving higher sample loadings while main-
taining good resolution. By keeping the concentration of
feed solution at a constant value (30 mg mL-1 of crude pyri-
dine dissolved in methanol) and varying the total injection
sample (5, 10 and 20 µL), we examined the loading effect
[13-14]. Various sample amounts from 0.15 mg to 0.60 mg
of crude pyridine were injected onto the analytical column.
Separation of 0.60 mg crude pyridine was carried out under
the same conditions on the same Nucleosil C18 100 Å col-
umn (4.6 × 250 mm). A decrease in peak resolution was
observed.

The most obvious way to increase throughput is to
increase the column bed volume by making the column
wider or taller, or both. Enlarging the column diameter is
the most practical means to achieve increased capacity. The
optimized mobile phase of the analytical system was trans-
ferred without any modification to preparative HPLC. The
column diameter was enlarged from 4.6 mm (analytical 
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Fig. 2. Analytical chromatography of 2-methoxyethyl 1-methylethyl
2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate on a
Nucleosil C18 100 Å column (10 µm), 4.6 × 250 mm, in methanol-
water (75:25) at a flow rate of 1 mL min–1. Injection: 20 µg. Peak
assignement: 1 = bis(2-methoxyethyl) 2,6-dimethyl-4-(3-nitro-
phenyl)-1,4-dihydropyridine-3,5-dicarboxylate; 2 = 2-methoxyethyl
1-methylethyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxy-
late; 3 = bis(1-methylethyl) 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihy-
dropyridine-3,5-dicarboxylate; 4 = 2-methoxyethyl 1-methylethyl
2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate.

Fig. 3. Overload separation of 2-methoxyethyl 1-methylethyl 2,6-
dimethyl-4-(3-nitrophenyl) pyridine-3,5-dicarboxylate on a
Nucleosil C18 100 Å column (10 µm), 4.6 × 250 mm, in methanol-
water (75:25) at a flow rate of 1 mL min–1. Injections: 0.15, 0.30
and 0.60 µg (5, 10 and 20 µL of a 30 mg mL–1 solution in
methanol). 



column) to 22 mm and the flow rate was increased from 1
to 25 mL min–1. The isocratic preparative separation was
carried out with 15 mg of crude pyridine (injected volume:
500 µL of a 30 mg mL-1 solution in methanol).
Concentration overload has been chosen because this is the
most economical way of carrying out a preparative separa-
tion. Practically the same baseline resolution was achieved
as in the analytical column. A minimal loss of resolution of
the pyridine peaks from the other components of the sam-
ple at high loading demonstrates that the 100 Å pore size of
the packing material has a high available surface area. The
preparative chromatogram is shown in figure 4. Many injec-
tions were made during several hours with a cycle period of
16 min. The solvent was removed at 40 ˚C in a rotary evap-
orator.

A few grams (50 mg h–1) of 2-methoxyethyl 1-
methylethyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-
dicarboxylate in high purity (99.8%) were then isolated by
preparative HPLC from crude material. The collected frac-
tions were analyzed with analytical HPLC (Fig. 5). This
purity is calculated using the area normalization method. It
assumes that all components have been eluted and detected.

The area of every peak is measured and this area is expresed
as a percentage of the sum of the areas of all the peaks. In
this work the objective has been to obtain some grams of
analytically pure compound to use this purified material as
standard.

2-methoxyethyl 1-methylethyl 2,6-dimethyl-4-(3-nitro-
phenyl)pyridine-3,5-dicarboxylate can be isolated and puri-
fied on both an analytical and a preparative scale from a
crude feedstock using reversed phase columns.The purpose
of this isolation was to obtain a standard for quantitative
analysis. The high efficiency of preparative columns allows
a peak resolution comparable to that obtainable under ana-
lytical conditions. Thus, the isolation of reaction products of
high purity and in almost quantitative yield may be easily
attained. The results obtained in these cases were satisfac-
tory and indicated the general usefulness of the method
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Fig. 4. Preparative chromatogram of 2-methoxyethyl 1-methylethyl
2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxylate on a
Nucleosil C18 100 Å column (10 µm), 22 × 250 mm, in methanol-
water (75:25) at a flow rate of 25 mL min–1. Injection: 15 mg.

Fig. 5. Analytical HPLC of the purified 2-methoxyethyl 1-
methylethyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-dicarboxy-
late after preparative HPLC. The experimental conditions are
shown in figure 2.
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