
INTRODUCTION

(S)-2-Aminobutanamide is the key starting material for
the preparation levetiracetam drug substance. Hence, the quanti-
fication of (R)-2-aminobutanamide is essential and used to
treat epilepsy or convulsive seizures. It belongs to an anticon-
vulsant group [1-3]. Levetiracetam is absorbed completely after
oral taking and commonly removed as uncharged drug from
the urine [4-7], and may lead to the side effects such as sudden
change in the behaviour, irregular movements, sleepiness and
hallucinations.

To synthesize one chiral enantiomer from other related
enantiomers, the ingredients are also required with enriched
in either of enantiomer pair. In some cases only, one enantiomer
is essential and having positive effect while the another enan-
tiomer may leads unwanted side effects on human body [8-14].
Most of the drugs available in market are having chiral center
and those are marketing as racemic mixtures [15-20]. Even
though the enantiomers have similar molecular structure, but
those can be differentiated by their biological activities, such
as pharmacology, toxicology, pharmakinetics, metabolism, etc.
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[21-23]. It is essential to encourage the chiral separation and its
quantification in drug substances, to remove the non-essential
enantiomer form the pharmaceutical active ingredient as well
as for correct therapeutic control on patients [24-28].

The quantification of (R)-2-aminobutanamide in (S)-2-
aminobutanamide is essential because the presence of (R)-2-
aminobutanamide will leads to the formation of unwanted isomer
of levetiracetam i.e. (R)-2-(2-oxopyrrolidin-1-yl)butanamide
at API stage [29-34].

EXPERIMENTAL

Perchloric acid was procured as Merck grade (Mumbai,
India). Samples of (S)-2-aminobutanamide were synthesized
by process research development of Dr. Reddy′s Laboratories,
Srikakulam. High purity water was prepared using a Millipore
Plus (Millipore, Milford, MA, USA) purification system.

Instrumentation: HPLC system with make Agilent
Infinity 1260 series and weights measurements are taken by
using analytical balance with make Sartorius and model MSA
225S-100-DA. Data was processed through empower-3
software.
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Chromatographic conditions: The analysis was carried
out with CROWNPAK CR (+), 150 mm × 4.0 mm, 5µ particle
size (Advanced Chromatography Technologies, Scotland) with
a mobile phase consisting of 0.05 % perchloric acid solution
was used as mobile phase. The mobile phase itself was used
as diluent. The column temperature was maintained at 15 ºC.
Flow rate was kept at 0.3 mL/min and the column eluent was
monitored at 200 nm for 20 min.

Sample preparation: Test samples were prepared with
concentration of 2 mg/mL by dissolving in the diluent. System
suitability solution was prepared by spiking the solution of
(R)-2-aminobutanamide isomer at 1 % with respect to the test
concentration (i.e. 2 mg/mL).

RESULTS AND DISCUSSION

Method development and optimization: To develop the
quantitative reverse phase chiral HPLC method for (R)-2-amino-
butanamide content in (S)-2-aminobutanamide, several develop-
ment trials were taken up by changing the columns, mobile phase
and also different temperatures of column. The aim of this HPLC
method is to get symmetry in the peaks shape and to separate
(R)-2-aminobutanamide from (S)-2-aminobutanamide with
adequate resolution.

The attempts of method development were focused in normal
phases solvents such as n-hexane, n-heptane, 2-propanol, ethyl
alcohol, etc. Initial method development attempts were made
on different stationary phases such as amylose tris-(3,5- dimethyl
phenyl carbamate), cellulose tris-(3,5-dimethyl phenyl) carbamate,
cellulose tris-(4-methylbenzoate) and crown ether coated on
5 µm silica-gel with different composition of solvent mixtures.
In this method development, stationary phase has played a signi-
ficant role in achieving the resolution between (R)-2-amino-
butanamide and (S)-2-aminobutanamide. Finally, the satisfactory
peak shape and resolution were achieved between two isomers
on CROWN PAK CR (+) column (150 × 4.0 mm and 5.0 µm
particle size) by using perchloric acid solution as mobile phase
as well as diluent. These CROWNPAK CR(+) or CROWNPAK
CR(-) columns were especially designed to resolve amino acids
isomers and also the compounds bearing a primary amino
group near the chiral center. In (S)-2-aminobutanamide, mole-
cular structure, the primary amine was attached to the chiral
carbon hence the separation of isomers was effectively done by
using the column of CROWNPAK CR(+). The method devel-
opment trials are tabulated in Table-1.

Method validation: Results from method validation can
be used to judge the quality, reliability and consistency of analy-
tical results, it is an integral part of any good analytical practice.
The quality of an analytical method developed is always appraised
in terms of suitability for its intended purpose, recovery, require-
ment for standardization, sensitivity, analyte stability, ease of
analysis, skill subset required, time and cost in that order. The
described method was meeting all mentioned above parameters
such as lesser run time (20 min) and zero usage of solvents which
indirectly representing the less cost for the analysis. The desc-
ribed (R)-2-aminobutanamide content was validated as per the
ICH guidelines.

Limit of detection (LOD) and limit of quantification
(LOQ): LOD and LOQ of (R)-2-aminobutanamide were estab-
lished by preparing the solution from the known concentration
of stock solution to achieve the signal-to-noise ratio as 3:1
and 10:1. Carried out the LOQ precision by preparing six indi-
vidual standard solutions with LOQ concentration (R)-2-
aminobutanamide. Accuracy at LOQ solutions were prepared
by spiking the impurity in (S)-2-aminobutanamide test sample
at target concentration (i.e. 0.0005 mg/mL). The percentage
recovery of (R)-2-aminobutanamide and recovery results were
within the acceptance limit. The results for the precision at
LOQ and accuracy at LOQ are given in Table-2 and the chro-
matograms are shown in Figs. 1 and 2.

TABLE-2 
VALIDATION RESULTS 

Validation parameter Criteria Result 
LOD (R)-isomer (mg/mL) 0.0002 
LOQ (R)-isomer (mg/mL) 0.0005 
Method precision (n = 6) % RSD for area 1.3 
System precision (n = 6) % RSD for area 1.5 
LOQ precision (n = 6) % RSD for area 3.5 
Accuracy at LOQ % Recovery 94.4 

% Recovery at 50 % 102.2 
% Recovery at 100 % 103.0 

Accuracy 

% Recovery at 150 % 96.9 
Correlation coefficient 0.9996 Linearity 
% Y-intercept -1.3 

 
Specificity: The specificity of an analytical method is the

ability to assess unequivocally the analyte in the presence of
components that may be expected to be present, such as imp-
urities, degradation products and matrix components. The basic
criteria to show the specificity is peak angle should be less

TABLE-1 
RESULTS OF METHOD DEVELOPMENT 

Trial Column  Dimensions Stationary phase Mobile phase Conclusion 
1 Chiral PAK ADH 250 × 4.6 mm × 5.0 µ Amylose tris (3,5-

dimethylphenylcarbamate) 
n-Hexane and IPA No separation  

2 Chiral PAK ODRH 250 × 4.6 mm × 5.0 µ Cellulose tris(3,5-
dimethylphenylcarbamate) 

n-Hexane, 2-propanol and 
TFA 

No separation  

3 Chiral PAK OD 250 × 4.6 mm × 5.0 µ Cellulose tris (3,5-
dimethylphenylcarbamate) 

n-Hexane, 2-propanol and 
TFA 

No separation  

4 Chiral PAK IA 250 × 4.6 mm × 5.0 µ Amylose tris-(3,5- 
dimethylphenylcarbamate) 

n-Hexane, ethanol and TFA No separation  

5 Chiral PAK IA 250 × 4.6 mm × 5.0 µ Amylose tris-(3,5- 
dimethylphenylcarbamate) 

1.0 % HClO4 in water and 
acetonitrile 

No separation  

6 CROWN PAK CR (+) 150 × 4.0 mm × 5.0 µ Chiral crown ether  0.05 % HClO4 and methanol Slight separation 
7 CROWN PAK CR (+) 150 × 4.0 mm × 5.0 µ Chiral crown ether  0.05 % HClO4 Adequate separation 
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Fig. 1. Typical chromatogram of LOQ solution of (R)-2-aminobutanamide
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Fig. 2. Typical chromatogram of LOD solution of (R)-2-aminobutanamide

than peaks threshold. Peak threshold is a noise level. Always
a low level threshold value will enable us to identify the peaks
at even low responses. Purity plot for (R)-2-aminobutanamide
is shown in Fig. 3.
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Fig. 3. Purity graph for (R)-2-aminobutanamide

Method precision: Precision measures of how close indiv-
idual measurements are to each other. Method precision was
carried out by preparing the six individual solutions with spiking
of (R)-2-aminobutanamide at 0.002 mg/mL in each prepar-
ation. The precision results are given in Table-2 and its typical
precision chromatogram is shown in Fig. 4.

Linearity: The linearity of an analytical method is the
ability to elicit test results which are directly proportional to the
concentration of analyte in samples within a given range. Line-
arity was carried out by preparing (R)-2-aminobutanamide
solutions at different concentration levels (i.e. LOQ, 50, 75,
100, 150 and 200 %) in the diluent. The peak area versus concen-
tration data was plotted for linear regression analysis. The
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Fig. 4. Typical chromatogram of method precision

correlation coefficients of regression, slope, intercept and
percent y-intercept of the calibration curves were computed.
The linearity results are given in Table-2.

Accuracy: The most common technique for determining
accuracy in several chemical studies is the spike recovery
method, in which the amount of a target compound is determined
as a percentage of theoretical amount present in the matrix. In
a spike recovery experiment, a measured amount of the consti-
tuent of interest is added to a matrix (spiked) and then the analysis
is performed on the spiked material, from the sample preparation
through chromatographic determination. A comparison of the
amount found versus the amount added provides the recovery
of the method, which is an estimate of accuracy of the method.
The accuracy of the method was carried out by triplicate prep-
aration at three different concentration levels of (R)-2-amino-
butynamide (i.e. 0.001, 0.002 and 0.003 mg/mL). The accuracy
results are shown in Table-2, while its typical chromatogram
is shown in Fig. 5.
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Fig. 5. Typical test sample chromatogram

Ruggedness: To determine the robustness of the method,
chromatographic parameters are modified and evaluated the
change of resolution between (S) and (R)-isomers. Experiments
are conducted by varying column temperature by ± 5 ºC, wave-
length by + 5.0 nm and mobile phase strength ± 10 %. Resolution
details are shown in Table-3.

TABLE-3 
(R)-2-AMINO BUTANAMIDE VALIDATION  

RESULTS FOR ROBUSTNESS 

Parameter Condition Resolution 
Column temperature-actual 15 °C 1.33 
Lower temperature 10 °C 1.37 
Higher temperature 20 °C 1.26 
Wavelength-actual 200 nm 1.33 
Higher wavelength 205 nm 1.30 
Mobile phase-actual 0.05 % HClO4 solution 1.33 
Lower concentration 0.045 % HClO4 solution 1.35 
Higher concentration 0.055 % HClO4 solution 1.31 
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Conclusion

The developed reverse phase chiral HPLC method for (R)-
2-aminobutynamide content in (S)-2-aminobutynamide hydro-
chloride is precise, accurate, linear and specific. The validated
parameters met the pre-requirements of ICH guidelines, hence
it can be used for the quality control analysis of (S)-2-amino-
butynamide samples and also used for (R)-2-aminobutynamide
and (S)-2-aminobutynamide isomer content analysis in levet-
iracetam drug substance and drug product samples.
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