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Abstract

The enantiomeric resolution of DL‐alanine‐DL‐tryptophan dipeptide is

described on amylose stationary phase. The eluent used was

CH3OH─CH3COONH4 (10mM)─CH3CN (50: 40, 10) at 0.8‐mL/min flow,

230‐nm detection, 25‐minute run time, and 25°C ± 1°C temperature. The chiral

phase was amylose [AmyCoat RP (15 cm × 0.46 cm × 5 micron)]. The magni-

tudes of the retention factors (k) were 2.71, 3.52, 5.11, and 7.75. The magnitudes

of separation factor (α) were 1.19, 1.57, and 1.51 while the resolution factors

(Rs) were 3.25, 14.84, and 15.76. The limits of detection and quantitation were

of 2.5 to 5.4 and 12.8 to 27.5 μg/mL. The enantiomeric resolution is controlled

by hydrogen, hydrophobic, π‐π, steric, etc interactions. The elution order of the

enantiomer was supported by the modeling data. The described method is fast,

reproducible, precise, and selective, which can be used successfully for

evaluating the enantiomers of the reported dipeptide.
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1 | INTRODUCTION

The enantiomeric resolution is the most important issue
in separation science and gaining value continuously.1,2

It is due to the dissimilar properties of the enantiomers
of the drugs, pharmaceuticals, and additional agricul-
ture‐related compounds.3-10 Among some methods,
high‐performance liquid chromatography (HPLC) is
thought as the technique of the option for the enantio-
meric resolution.11-16 Many papers have been published
on the racemates with 1 chiral center.17-23 Though, only
a small amount of articles describe the enantiomeric reso-
lution of the racemates with more than 1 chiral cen-
ter.24,25 It is due to the fact that the enantiomeric
resolution is extremely tricky of the racemates with
wileyonlinelibrary.com/journal
greater than 1 chiral center, owing to identical properties
of the enantiomers. So, there is an immense need of
HPLC methods of racemates with more than 1 chiral
center.

The dipeptides are very important biological species
playing crucial roles in food and medicine industries.26

Besides, these control many biological activities of the
body.27 Interestingly, the dipeptides are responsible for
many stereoselectively biological reactions with big
difference of thermodynamic and kinetics because of
stereoselectivity. It is important to write here that dipep-
tides have 2 chiral centers with 4 enantiomers and hence,
a challenge for the enantiomeric resolution. Among many
dipeptides, aromatic ones have special attention because
of the dissimilar interactions of the enantiomers with
© 2018 Wiley Periodicals, Inc./chir 1
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other proteins and nucleic acids. During literature survey,
only few articles were found to contain enantiomeric
resolution of few dipeptides,22 but no one describes the
enantiomeric resolution of very important aromatic
dipeptides DL‐alanine‐DL‐tryptophan (Figure 1). So,
well‐known chiral stationary phase made of amylose
was used to achieve enantiomeric resolution of this
dipeptide. Computer modeling was also exploited to know
the enantiomeric resolution mechanistic.
2 | EXPERIMENTAL

2.1 | Chemicals and reagents

The racemic mixture and optically active enantiomers of
alanine‐tryptophan were supplied by a USA company
(Sean Fisher Peptide 2.0, Inc., Chantilly, Virginia).
LiChrosolve MeOH and CH3CN and ammonium acetate
(AR grade) had been obtained fromMerck, Bombay, India.
Ionized water was prepared by Millipore unit (Milli‐Q;
Bedford, Massachusetts). One hundred–microgram per
milliliter solutions of racemic and enantiomers of
dipeptides were made in H2O─CH3OH (50: 50, v/v).
2.2 | Instrumentation

An HPLC machine was used with eluent forcing pump
(Waters, 510, Milford, Massachusetts), injector (Waters,
WISP 710B), (Waters, 484), and integrator (Waters, 740).
Amylose chiral stationary phase [AmyCoat RP
(15 cm × 0.46 cm × 5 micron), Kromasil, Sweden] was
used in this study.
2.3 | Chromatographic conditions

An amount of 20.0 μL of racemic and enantiomeric pure
alanine‐tryptophan dipeptides were inserted in to an
FIGURE 1 The stereomers structures of alanine‐tryptophan

dipeptide
HPLC system. CH3OH─CH3COONH4 (10mM)─CH3CN
(50: 40, 10) was used as the eluent at 0.8‐mL/min flow,
230‐nm detection, 25‐minute run time, and 25°C ± 1°C.
The chart rate was stable at 0.1 cm/min. Nitrogen was
used to calculate the dead volume.

The chromatography variables such as retention (k),
separation (α), and resolution factors (Rs) were
determined. The naming of the separated enantiomers of
DL‐alanine‐DL‐tryptophan was finalized by match up to
the retention times with those of enantiomerically pure
enantiomers.
2.4 | Validation

Validation of chromatographic system was done by deter-
mining the linearity, limit of detection (LOD), specificity,
limit of quantitation (LOQ), precision, robustness, and
accuracy. These were estimated as per the standard proce-
dures described in the literature.28-30
2.5 | Modeling

Computer modeling was conducted as per the studied
reported elsewhere.26,27 The ligands used were L‐ala-
nine‐L‐tryptophan, D‐alanine‐D‐tryptophan, D‐alanine‐
L‐tryptophan, and L‐alanine‐D‐tryptophan. The receptor
was the amylose stationary phase (Figure 2). A computer
with Intel(R) Core(TM) i3 CPU (2.3 GHz) with XP‐based
operating system (Windows 2003) was used for modeling.
The other software used were Marvin Sketch (5.8.2
version), AutoDock 4.2 Vina, and PyMol.
3 | RESULTS AND DISCUSSION

3.1 | Chromatographic data

The enantiomeric resolution of the enantiomers of
DL‐alanine‐DL‐tryptophan was determined by recoding
their retention times. The order of elution was fixed using
entiomerically pure isomers, ie, L‐alanine‐L‐tryptophan,
D‐alanine‐D‐tryptophan, D‐alanine‐L‐tryptophan, and
L‐alanine‐D‐tryptophan. The enantiomers separation of
this dipeptide is shown in Figure 3.

The values of the retention times of these 4
enantiomers were 7.42, 8.51, 12.22, and 17.5 minutes.
The magnitudes of the retention factors (k) were 2.71,
3.52, 5.11, and 7.75. The magnitudes of separation factor
(α) were 1.19, 1.57, and 1.51 while the resolution factors
(Rs) were 3.25, 14.84, and 15.76. The LOD and LOQ
were of 2.5 to 5.4 and 12.8 to 27.5 μg/mL. These values
are summarized in Table 1. All these values are <1, and
it means that the enantiomeric resolution was satisfac-
tory. Table 1 also depicts the order of separation of



FIGURE 2 A, 2‐D and B, 3‐D structures of tris‐(3,5‐dimethylphenyl carbamate) amylose chiral selector

FIGURE 3 Chromatograms of the chiral separation of DL‐

alanine‐DL‐tryptophan on AmyCoat column
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these enantiomers. This separation order was L‐alanine‐
L‐tryptophan > D‐alanine‐D‐tryptophan > D‐alanine‐L‐
tryptophan > L‐alanine‐D‐tryptophan.
3.2 | Chromatographic optimization

To finalize the chromatographic settings, various combi-
nations of CH3OH─CH3COONH4─CH3CN (50: 40, 10)
were tested. The different ratios tested were 60: 30: 10,
70: 20: 10, 40: 50: 10, 30: 60: 10, 50: 45, 5, 60: 35: 15, 70:
25: 5, 40: 55: 5, and 30: 65: 5. Besides, low and high pHs
of these combinations were also tested. It was observed
that these variations resulted into a wide range of results.
But these combinations could not give good results. At
high amount of CH3CN, the peaks of L‐alanine‐L‐trypto-
phan and D‐alanine‐D‐tryptophan merged into each
other. Low amount of CH3CN led to tailing of the peaks.
Similarly, high amount of methanol gave partial resolu-
tion of L‐alanine‐L‐tryptophan and D‐alanine‐D‐trypto-
phan. Contrarily, low amount of CH3OH gave broad
peaks, but the tailing magnitude was low in comparison
to low amount of CH3CN. The effect of the amount of
CH3COONH4 was also evaluated on the enantiomeric



TABLE 1 Chiral high‐performance liquid chromatography parameters of DL‐alanine‐DL‐tryptophan dipeptide

Dipeptide Retention Factors (k) Separation Factors (α) Resolution Factors (Rs)

k1 k2 k3 k4 α1 α2 α3 Rs1 Rs2 Rs3

DL‐Alanine‐DL‐tryptophan 2.71 3.52 5.11 8.67 1.19 1.57 1.70 3.25 14.84 21.22

k1 = LL enantiomer; k2 = DD enantiomer; k3 = DL enantiomer; k4 = LD enantiomer
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resolution. High amount of CH3COONH4 gave disturbed
peaks of L‐alanine‐L‐tryptophan and D‐alanine‐D‐trypto-
phan while low amount of this constituent gave broad
peaks. However, 50: 40: 10 combination could give only
good result as represented in Figure 3 and Table 1.
3.3 | Chromatographic validation

The chromatography method was validated involving
various parameters, ie, counting linearity, LOD,
specificity, LOQ, precision, and accuracy.31
3.4 | Linearity

Linearity was evaluated by regression analysis (least
squares) of the curve. Linearity of standardizing peak
areas vs concentrations for all the 4 enantiomers were
tested in 1.0‐ to 100‐μg/mL amount ranges. The plots were
linear in the concentration ranges (n = 5) for all the 4
enantiomers. The peak areas of the 4 enantiomers were
graphed aligned with their individual concentrations. Lin-
ear regression analysis was achieved on the consequential
curves. The correlation coefficients of the establishment
were 0.9997 to 0.9999 for the 4 enantiomers (n = 5). The
%RSDs and confidence limits were varied from 0.50 to
1.00 and 98.0 to 98.5.
3.5 | LOD and LOQ

Limits of detection and quantitation were considered
from the calibration plots of all the 4 enantiomers as 3
and 5 multiplication of the noise level for LOD and
LOQ.32 The values of LOD of L‐alanine‐L‐tryptophan,
D‐alanine‐D‐tryptophan, D‐alanine‐L‐tryptophan, and
L‐alanine‐D‐tryptophan were 5.1, 2.5, 2.6, and 5.4 μg/mL.
The values of LOQ of L‐alanine‐L‐tryptophan, D‐alanine‐
D‐tryptophan, D‐alanine‐L‐tryptophan, and L‐alanine‐
D‐tryptophan were 25.6, 12.8, 13.1, and 27.5 μg/mL,
respectively. The %RSD, correlation coefficients, and
confidence levels for LOD were 0.80 to 1.00, 0.9996 to
0.9998 and 97.6 to 98.0, respectively. Similarly, the
%RSD, correlation coefficients, and confidence levels
for LOQ were 0.78 to 0.95, 0.9996 to 0.9997, and 98.0
to 98.4, respectively.
3.6 | Specificity

The technique is a pretty good exact as evident from
Figure 3. Retention times of all the 4 enantiomers were
approximately alike in both standard solution and
enantiomerically pure enantiomers. Even a small impu-
rity added could not disturb the optimized peaks. The
LOD, peak retention times, and LOQ were similar. The
%RSD, correlation constants, and confidence stages were
0.68 to 0.79, 0.9996 to 0.9997, and 98.1 to 98.6, respec-
tively. These discoveries indicated a fine specific method.
3.7 | Accuracy

Accuracy of the system was experienced by inserting
standards of the enantiomers at a variety of amounts.
Accuracy was fixed by interpolation of replicate (n = 5)
chromatogram areas of 25.0‐, 50.0‐, and 100.0‐μg/mL
amount standards. In every run, percent error was
calculated and found to be 0.6% to 1.0%. The %RSD,
correlation constants, and confidence stages were 0.61 to
0.77, 0.9997 to 0.9999, and 98.3 to 98.8, respectively. This
array specified a fine accuracy of method.
3.8 | Precision

Precision figures were deliberated by 3 concentrations of
all the enantiomers (25.0, 50.0, and 100.0 μg/mL). Five
chromatographic experiments were done for 3 amounts.
The %RSD, correlation coefficients, and confidence levels
were 0.53 to 0.62, 0.9998 to 0.9999, and 98.6 to 99.1,
respectively, indicating a good precised HPLC method.
3.9 | Modeling data

The modeling data of the ligands (L‐alanine‐L‐trypto-
phan, D‐alanine‐D‐tryptophan, D‐alanine‐L‐tryptophan,
and L‐alanine‐D‐tryptophan) with receptor (amylose)
is given in Table 2. This table describes binding affinity
(kcal/mol), total hydrogen bonds, and residues partici-
pated in hydrogen bondings and hydrophobic interac-
tions. The various residues involved in hydrogen and
hydrophobic interactions are clear from Table 2. It is
also evident that there is only 1 hydrogen bond
between each ligand and receptor. The binding affinity



TABLE 2 Modeling data of DL‐alanine‐DL‐tryptophan on amylose chiral selector

DL‐Ala‐DL‐
trp

Binding Affinity
(kcal/mol)

No. of H
Bonds

Residues Involved
in H‐Bonding

Residues Involved in
Hydrophobic Interactions

L‐Ala‐L‐trp −3.1 1 UNK236/O::HO3 of NH group Unk402::C2,C5,C9,C10

D‐Ala‐D‐trp −3.3 1 UNK186/HO5:: O of CO group(3.5) Unk402::C2 C3&C5 Unk403::O2

D‐Ala‐L‐trp −3.7 1 UNK186/HO5:: O of CO group(3.4) Unk402::C8

L‐Ala‐D‐trp −4.3 1 UNK236/O::HO3 of NH group Unk386::C5,C8,C9,C10 &N2 Unk 403::C6

FIGURE 4 Docking model of all the

enantiomers of DL‐alanine‐DL‐tryptophan

dipeptide on amylose stationary phase
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of L‐alanine‐L‐tryptophan, D‐alanine‐D‐tryptophan, D‐
alanine‐L‐tryptophan, and L‐alanine‐D‐tryptophan were
−3.1, −3.3, −3.7, and −4.3 kcal/mol. These binding
affinities clearly supported the order of elution of the
enantiomers as discussed in chromatographic data
section. The docking model of all the enantiomers of
DL‐alanine‐DL‐tryptophan dipeptide on amylose sta-
tionary phase is given in Figure 4.
3.10 | Modeling mechanism support

The arrangement of elution of the 4 enantiomers was
L‐alanine‐L‐tryptophan > D‐alanine‐D‐tryptophan > D‐
alanine‐L‐tryptophan > L‐alanine‐D‐tryptophan. This
order was ascertained by comparing the retention times
of the standard enantiomers. This order of elution is
supported by the binding affinity of the enantiomers.
The values of the binding affinities of the 4 enantiomers
were in the order of L‐alanine‐L‐tryptophan (−3.1) < D‐
alanine‐D‐tryptophan (−3.3) < D‐alanine‐L‐tryptophan
(−3.7) < L‐alanine‐D‐tryptophan (−4.3). This is the rea-
son that the above discussed elution order was observed.
The more binding energy resulted to the more strong
retention, resulting into late elution.
Our earlier research work and literature research
papers33-40 are clearly in the support that chiral recogni-
tion is controlled by hydrogen, hydrophobic, π‐π, steric
interactions, etc. These interactions are among amino,
amide, and carboxylic group of dipeptides and amide,
amino, oxide, and hydroxyl groups of amylose. Hence,
the reported 4 enantiomers get fitted enantioselectively
in the asymmetric grooves of amylose. The enantiomers
are fixed well because of the above‐discussed interactions.
It is essential to report here that π‐π interactions are
dominant among the enantiomers of aromatic molecules
(like this dipeptide) and amylose.28,41-48 Hence, π‐π
interactions may chief contributors for the enantiomeric
resolution of the reported dipeptide. In a nut shell, the
competition between eluent and these bondings resulted
into the elution of the enantiomers at the different time
intervals.
4 | CONCLUSION

The successful, fast, reproducible, precise, and selective
method of the enantiomeric resolution of DL‐alanine‐
DL‐tryptophan dipeptide is described on amylose



6 ALI ET AL.
stationary phase. The enantiomers got resolved success-
fully within 18 minutes. The enantiomeric resolution is
controlled by hydrogen, hydrophobic, π‐π, steric interac-
tions, etc. The modeling data supported the experimental
results and hence, was used to describe the enantiomeric
resolution mechanism. Therefore, the elution order of
the enantiomer was supported by the modeling data.
The described method is successful for evaluating the
enantiomers of the reported dipeptide in any sample.
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