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a b s t r a c t

Simultaneous enantioseparation of a basic API compound, (R)-2-Amino-N-[2-[1,2-dihydro-
1-(methylsulfonyl) spiro [3H-indole-3,4′-piperidin]-1′-yl]-2-oxo-1-[(phenylmethyloxy)
ethyl]-2-methylpropanamide monomethanesulfonate (compound-A) and its neutral penultimate
intermediate, (R)-2-BOC-Amino-N-[2-[1,2-dihydro-1-(methylsulfonyl) spiro [3H-indole-3,4′-
piperidin]-1′-yl]-2-oxo-1-[(phenylmethyloxy) ethyl]-2-methylpropanamide monomethanesulfonate
(compound-B) was investigated using reversed phase (RPLC) and normal phase liquid chromatography
(NPLC). After an initial screening, a Sepapak-4 column, a new type of polysaccharide chiral stationary
phase (CSP), was selected for further method development based on hits on separation selectivity
for both compounds under RPLC and NPLC. After comparing the pros and cons, a method utilizing the
Sepapak-4 chiral column (150 mm × 4.6 mm, 3 �m particle size) in RPLC mode was finally developed.
Separations were performed in gradient elution mode starting at 50% A (10 mM, NH4COOH at pH
6.5)/50% B (50/50 EtOH/MeCN) to 25% A (10 mM, NH4COOH at pH 6.5)/75% B (50/50 EtOH/MeCN). The
flow rate was 1.0 mL/min; the column temperature was 50 ◦C; the UV wavelength was 220 nm and the
mass spectrometric detection was APCI in the positive ionization mode. The reaction mixture sample
was directly diluted in ethanol. Baseline enantioseparation were achieved for both compound-A and
its intermediate simultaneously with resolution greater than 2.0. The method was validated in terms
of injection precision, linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy, and
ruggedness. The specificity of the method was further evaluated by spiking a mixture of enantiomers

of compound-A and its intermediate into a reaction matrix containing all of the synthetic reagents. No
matrix interference was observed across the elution windows of compound-A and its intermediate.
Additionally, the peak purity of each enantiomer was evaluated by mass spectra, indicating the specificity
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of the method.

. Introduction

It is now very well known that enantiomers of drug compounds
ay possess quite different pharmacological and toxicologi-

al properties [1]. Since the issuance of a guidance document
ntitled “FDA’s Policy Statement for the Development of New
tereoisomeric Drugs” by the US Food and Drug Administration
n 1992 [2], the development of enantioselective analytical meth-
ds using high-performance liquid chromatography (HPLC), gas

hromatography, supercritical fluid chromatography and capillary
lectrophoresis (CE) has grown rapidly. In comparison to other
echniques, LC offers increased simplicity, robustness, limits of
etection and method precision. The applications of chiral-LC tech-
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niques have been extensively discussed in recent publications
[3–8]. Many applications have become routine and straightforward
when dealing with only the pure sample.

However, in practice, interfering substances in the sample
matrix can often cause problems. This may necessitate the use of
two or more methods to completely characterize the sample. Some
of chiral stationary phases with new properties hold promise for
dealing with this kind of problem. Most notable are newer reversed
phase chiral columns, which in addition to offering different selec-
tivity also allow adjustment of chromatographic parameters in such
a way as to improve the ability to resolve coeluting components.

For example, as shown in Fig. 1, compound-A (an API) in the

present study was synthesized through deprotection of a BOC
group from a compound-B (its intermediate) by using methylsul-
fonic acid. Early attempts to achieve baseline enantioseparation of
compound-A with the desired limit of detection using reversed-
phase liquid chromatography with various polysaccharide type

http://www.sciencedirect.com/science/journal/07317085
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mailto:lili_zhou@merck.com
dx.doi.org/10.1016/j.jpba.2009.08.027


154 L. Zhou et al. / Journal of Pharmaceutical and Biomedical Analysis 51 (2010) 153–157

for c

c
r
a
a
c
A
u
H
t
m
m

i
o
c
S
a
t
i

2

2

i
2
a
2
i
2
a
R
U
p
a
f
i
d

2

t
b
C

2

w
c
G

Fig. 1. Reaction scheme

olumns (Chiralcel OD-RH, Chiralpak AD-RH, Chiralcel OJ-RH, Chi-
alpak AS-RH), protein type columns (Ultron ES-OVM & Chiral-AGP)
nd crown ether type columns (CROWNPAK & ChiroSil RCA) as well
s normal phase chromatography with various polysaccharide type
olumns (Chiralcel OD-H, Chiralpak AD-H, Chiralcel OJ-H, Chiralpak
S-H) were unsuccessful. A chiral assay method was developed
sing capillary electrophoresis with native beta-cyclodextrin [9].
owever, compound-B could not be simultaneously separated by

he same CE method. The reaction shown in Fig. 1 was initially
onitored using two separate methods with two sets of instru-
entation.
In this paper, we present an application demonstrating the util-

ty of Sepapak-4 stationary phase to selectively monitor enatiomers
f the initial reactant and the final product simultaneously. Both
ompound-A and compound-B were simultaneously screened on
epapak-2, Sepapak-3 and Sepapak-4 [6,10–16] under both RPLC
nd NPLC separation modes and followed by optimization. Utiliza-
ion of the LC–MS to assure enantiomeric purity of the peaks of
nterest in the reaction mixture is also demonstrated.

. Experimental

.1. Reagents

(R)-2-Amino-N-[2-[1,2-dihydro-1-(methylsulfonyl) spiro [3H-
ndole-3,4′-piperidin]-1′-yl]-2-oxo-1-[(phenylmethyloxy) ethyl]-
-methylpropanamide monomethanesulfonate (compound-A)
nd its enantiomer (compound-A′); penultimate intermediate, (R)-
-BOC-Amino-N-[2-[1,2-dihydro-1-(methylsulfonyl) spiro [3H-

ndole-3,4′-piperidin]-1′-yl]-2-oxo-1-[(phenylmethyloxy) ethyl]-
-methylpropanamide monomethanesulfonate (compound-B)
nd its enantiomer (compound-B′) were prepared by the Process
esearch Department of Merck Research Laboratories (Rahway, NJ,
SA). All organic solvents used in the studies were HPLC grade and
urchased from Fisher Scientific (Fairlawn, NJ, USA). Phosphoric
cid (85%), formic acid, and ammonium acetate were obtained
rom Aldrich Chemical Co. (Milwaukee, WI, USA). Water used
n the study was deionized water purified through a Millipore
eionization device (Milford, MA, USA).

.2. Instrumentation

An Agilent 1100 system with diode array UV detection and
hermal-controller was used. All chromatograms were processed
y an Atlas data acquisition system (Version 8.2 Thermo Electron
orporation, PA, USA).
.3. Chromatographic columns

The chiral columns of Sepapak-2, Sepapak-3 and Sepapak-4
ere 15 cm in length and 4.6 mm in ID packed with 3.0 �m parti-

le size and they were purchased from Sepaserve GmbH (Münster,
ermany).
ompound-A formation.

2.4. Chromatographic conditions

All LC separations, except where specified, were performed
on HP 1100 LCs with UV detectors and controlled column com-
partments. The column temperature was set at 50 ◦C. The RPLC
mobile phase utilizes a binary gradient while the NPLC was run
isocratically. The flow-rate was 1.0 mL/min; the injection volume
was 10 �L; UV detection at 220 nm was used in each case. LC–MS
experiments were performed on an HP 1100 LC and a quadrupole
ion trap mass spectrometer (LCQ, Finnigan MAT, San Jose, CA)
equipped with an atmospheric pressure chemical ionization (APCI)
interface. The capacity factor of each compound was calculated as
k = (tR − t0)/t0, where tR and t0 were the retention times of retained
and un-retained compounds, respectively. The Selectivity factors
were calculated as ˛ = k2/k1.

2.5. Preparation of samples

Samples were dissolved in isopropyl alcohol. The concentration
of the samples varied from 0.001 mg/mL to 2.0 mg/mL.

3. Results and discussion

3.1. Selection of suitable chiral column

Early attempts to achieve enantioseparation of compound-A
and its enantiomer compound-A′ on LC with many chiral station
passes were unsuccessful. Demonstrating satisfactory enantiosepa-
ration of compound-A and compound-A′ is a key factor to this study.
compound-A is basic, initial screens on Sepapak-2, Sepapak-3 and
Sepapak-4 were performed using ammonium acetate buffer (pH
8.5) with acetonitrile as mobile phase in RPLC and heptane:ethanol
with isobutyl-amine as mobile phase in NPLC. Successful simul-
taneous enantioseparations of both pairs of enantiomers were
achieved only on the Sepapak-4 column under both RPLC and NPLC.
Therefore, the Sepapak-4 column was selected for further method
development.

3.2. Method optimizations

3.2.1. Effect of chromatographic conditions for NPLC
Method optimization was conducted by varying different

parameters, such as polar additives, mobile phase modifiers, mobile
phase ratio, sample loading, column temperature etc. Ethanol
and IPA are the most suitable mobile phase modifiers for NPLC
due to their miscibility with hexane or heptane. In general, IPA
often provides higher ˛ values than ethanol since it has less of
a tendency to interact through hydrogen bonding with the sta-

tionary phase, thus providing higher enantiomeric resolution for
compounds that also compete for these active sites. However, in
this case, it was somewhat surprising to find that enantioresolu-
tion between compound-A and compound-A′ suffered significantly
when IPA was used as the polar component of the mobile phase,
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Fig. 2. Effect of mobile phase polar modifiers on NPLC results. Experimen-
tal conditions: column: Sepapak-4. Mobile phase for bottom chromatogram:
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Fig. 4. Comparison of elution order in NPLC and RPLC. Experimental conditions:
column: Sepapak-4. Mobile phase for NPLC: EtOH/Heptane/DEA, ratio: 70/30/0.1
tOH/Heptane/DEA, ratio: 70/30/0.1 (v/v/v), mobile phase for all other chro-
atograms: IPA/Heptane/DEA, ratio: 70/30/0.1 (v/v/v). Flow rate: 1.5 mL/min. UV
avelength: 220 nm. Column temperature: 50 ◦C. Injection volume: 10 �L.

ven in the presence of diethyl amine as additive, as shown in Fig. 2.
his observation may be attributed to the fact that both species
f compound-A and compound-A′ contain a primary amine which
s far from the chiral center. Hence the hydrogen bonding inter-
ction between that primary amine functional group and chiral
tationary phase is non-enantiospecific. Such a non-specific inter-
ction is reduced through the use of ethanol, which is a well known
ydrogen bonding competing agent. Thus, enenatioresolution is
nhanced when using ethanol as mobile phase modifier with the
ddition al benefit of improved peak shapes. The fact that enan-
ioresolution of compound-B and compound-B′ was not affected

uch by switching from ethanol to IPA is consistent with this expla-
ation since the primary amine group was protected by BOC in
ompound-B and compound-B′.

Another unique feature of the Sepapak-4 CSP is the maximum
llowable column temperature of 50 ◦C. In many cases, the baseline
nantioseparation would increase as the temperature decreased,
t the expense of increased run time and broader peaks. However,
n this case, the baseline enantioseparation for compound-A and

ompound-A′ increased as the temperature increased with shorter
un time at 50 ◦C. This can be seen in Fig. 3. More than 500 injec-
ions were made at 50 ◦C and yet no significant change in column
ehavior was observed. This high column temperature allowed a

ig. 3. Effect of column temperature on NPLC results. Experimental conditions: col-
mn: Sepapak-4. Mobile phase: EtOH/Heptane/DEA, ratio: 70/30/0.1 (v/v/v). Flow
ate: 1.5 mL/min. UV wavelength: 220 nm. Column temperature: varied. Injection
olume: 10 �L.
(v/v/v). Flow rate for NPLC: 1.5 mL/min. Mobile phase for RPLC: gradient from 50% A
(10 mM, NH4COOH at pH 6.5)/50% B (50/50 EtOH/MeCN) to 25% A (10 mM, NH4COOH
at pH 6.5)/75% B (50/50 EtOH/MeCN). Flow rate: 1.0 ml/min. UV wavelength: 220 nm.
Column temperature: varied. Injection volume: 10 �L.

high flow rate and a high peak efficiency, hence higher detection
sensitivity. In this case, we are able to achieve LOD of 0.1% under
NPLC mode.

3.2.2. Effect of chromatographic conditions for RPLC
Since compound-A and compound-A′ are basic and positively

charged under neutral and acidic pH, they interact with CSP less
effectively. However, they can be separated more effectively from
the neutral intermediates of compound-B and compound-B′ due
to their positive charge under such conditions. We varied mobile
phase pH from 4.0 to 8.5 and found that pH-6 is an acceptable choice
(data not shown).

Another important parameter to optimize is the type of organic
modifier. As we reported before [6], for RPLC, phosphate buffers
with acetonitrile are the best choice for mobile phase in RPLC for
improved efficiency and method sensitivity. Such combinations
offer better solute mass transfers and lower UV cut-offs, and thus
better LODs. Other organic modifiers may provide better enan-
tioresolution. In this specific case, we used ammonium acetate
buffer in order to utilize mass spectrometric detection. Also, we
found that a mix of acetonitrile and ethanol at a 1:1 ratio was an
optimal choice for organic modifier.

3.2.3. Comparison between NPLC and RPLC results
3.2.3.1. Elution order. It is believed that retention in RPLC is due to a
partitioning process, whereas retention in NPLC is due to an adsorp-
tion process. Therefore, the retention of polar species vs. neutral
species is expected to be reversed for the two modes [17]. The
chromatograms shown in Fig. 4 are consistent with this prediction.
Compound-A and compound-A′ are more polar than compound-B
and compound-B′, therefore, they eluted before compound-B and
compound-B′ in RPLC mode, but after compound-B and compound-
B′ in NPLC mode. Furthermore, the enantiomer elution orders for

each pair of enantiomers are the same between two modes.

3.2.3.2. Mobile phase gradient. One of the advantages of using RPLC
is the ability to utilize gradient elution. We observed that the
gradient elution was superior in terms of peak shapes and reso-
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ig. 5. Typical total ion chromatogram (TIC) and mass spectraypical chromatogra
epapak-4. Mobile phase: gradient from 50% A (10 mM, NH4COOH at pH 6.5)/50% B
low rate: 1.0 ml/min. Mass detection: APCI, positive. Column temperature: 50 ◦C. I

ution between compound-A (A′) and compound-B (B′). Moreover,
ince the purpose of this study was to monitor the stereoisomeric
hanges in a deprotection reaction, using RPLC with gradient elu-
ion clearly provides advantages in terms of separating all reaction
omponents from the peaks of interest and eluting any residual
eagents present in the matrix during each run.

.2.3.3. LC–MS utilization. Another advantage of using RPLC is that
t is a technique comparable with LC–MS. It is important to make
ure that no achiral impurities that co-elute with enantiomers of
nterest. In this study, we successfully analyzed all four isomeric
eaks with mass detection. Fig. 5 shows examples of the LC–MS
nalysis of all four species of interest.
.3. Method validation and application

The results discussed above provide an optimal method condi-
ions. These conditions include the use of a Sepapak-4 chiral column

ig. 6. Chromatogram of reaction mixture at 2-h time point overlaid with chro-
atogram of standard mixture. Experimental conditions: Experimental conditions:

olumn: Sepapak-4. Mobile phase: gradient from 50% A (10 mM, NH4COOH at pH
.5)/50% B (50/50 EtOH/MeCN) to 25% A (10 mM, NH4COOH at pH 6.5)/75% B (50/50
tOH/MeCN). Flow rate: 1.0 ml/min. UV wavelength: 220 nm. Column temperature:
aried. Injection volume: 10 �L.
d mass spectra of mixture of 4 stereoisomers. Experimental conditions: column:
0 EtOH/MeCN) to 25% A (10 mM, NH4COOH at pH 6.5)/75% B (50/50 EtOH/MeCN).

on volume: 10 �L.

(150 mm × 4.6 mm, 3 um particle size) in RPLC mode, the use of a
gradient from 50% A (10 mM, NH4COOH at pH 6.5)/50% B (50/50
EtOH/MeCN) to 25% A (10 mM, NH4COOH at pH 6.5)/75% B (50/50
EtOH/MeCN) as mobile phase, a flow rate of 1.0 ml/min, column
temperature of 50 ◦C, UV wavelength of 220 nm and APCI positive
mass spectrometric detection. Additionally, the reaction mixture
sample was directly diluted in ethanol.

The method was validated in terms of injection precision, linear-
ity, limit of detection (LOD), limit of quantitation (LOQ), accuracy,
and ruggedness. It was found that the UV response was linear for
all stereoisomers from 0.05% to 120% of the 0.8 mg/mL target con-
centration. Precision was demonstrated by six injections of a mix
solution that contained all four isomers. The relative standard devi-
ations for all peak areas were less than 1.0%. The method LOQ and
LOD were determined to be 0.1% with signal to noise ratio >3 and
0.3% with signal to noise ratio >10, respectively. The specificity of
the method was assessed by LC–MS and further evaluated by spik-
ing individual enantiomers into a reaction matrix containing all of
the synthetic reagents.
Following satisfactory method optimization and validation, the
RPLC method with both UV and MS detections was applied to mon-
itor the reaction based on a scheme shown in Fig. 1. A mixture
of compound-B containing 2% of compound-B′ was reacted with

Fig. 7. Reaction profile of compound-A formation. Experimental conditions of reac-
tion: compound-B containing 2% compound-B′ was reacted with methanesulfonic
acid in ethanol under nitrogen and heated to 45 ◦C and aged for approximately 4 h.
Reaction profile at 30 min interval was collected. Chromatographic conditions: same
as for Fig. 6.
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ethanesulfonic acid in ethanol under nitrogen, heated to 45 ◦C
nd aged for approximately 4 h. Fig. 6 shows a chromatogram of
he reaction mixture at 2-h time point overlaid with reference stan-
ard mixtures. Reaction profiles were collected at 30 min interval.
ased on the data shown in Fig. 7, the reaction was a pseudo first
rder and 99.5% completed after 2 h. All 2% of compound-B′ was
onverted to compound-A′ at the 2-hour time point and no racem-
zation occurred during the reaction.

. Conclusions

A practical, robust, sensitive, specific, accurate and reliable
ethod was developed. Baseline enantioseparations were achieved

or an API and its intermediate simultaneously with resolution
reater than 2.0. No matrix interference was observed across the
lution windows for all peaks of interest. The method has been suc-
essfully used to quantify enantiomer excess for monitoring the API
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