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INTRODUCTION

The pharmaceutical industry is integral in maintaining public health by
providing therapeutic and preventative medicines. The cornerstones of
bringing new medicines to market are quality, safety, and efficacy. These
attributes are controlled using a variety of analytical procedures aimed

at characterizing drug substance and drug product purity. A key step in
delivering on these aspects is a detailed understanding of the impurity
profile of a drug substance and final product. This knowledge provides
insight to improve synthetic processes, formulation selection, and shelf life
while ensuring safety and efficacy throughout the product lifecycle.

Targeted analytical procedures provide the framework guiding the drug
development process for the pharmaceutical industry, but also establish
standardization for regulatory agencies aiming to measure drug product
integrity prior to use in the marketplace. Since 1993, the regulatory focus
on impurities has intensified. In recent years, guidance has been issued
relating to stability methods (ICH QTA-F; 1996-2003), drug substance/
drug product impurities (ICH Q3A-Q3B; 2006), genotoxic impurities

(ICH S2(RT); 2011 & M7; 2014), extractables and leachables (ICH
08-Q9; 2005-2009), and life cycle management (ICH Q12; 2014).

In addition, therapeutic molecules are becoming more complex, giving
rise to greater analytical challenges. At Waters, we strive to understand
the requirements of these guidances and provide innovative solutions to
address the changing pharmaceutical landscape.

The role of impurity analysis is dynamic and conducted throughout the
pharmaceutical drug development process. Impurity based activities
throughout the development of therapeutics are uniquely focused in terms
of their application needs as the drug product progresses downstream to
commercialization. Central to the discovery and ongoing monitoring of
impurities is liquid chromatography and mass spectrometry coupled with
appropriate informatics solutions. Waters” portfolio provides the most
comprehensive of liquid chromatographic techniques, mass spectrometry,
data management, and column chemistries to address your challenges.
Our ongoing innovation, guided by the pharmaceutical industry, has led
to novel introductions such as Empower® Chromatography Data Software,
MSE, ACQUITY UPLC® Bridged-ethylene hybrid stationary phases,

and ACQUITY® QDa® mass detection. These solutions are shaping the
approaches and landscape of the pharmaceutical laboratory focusing on
implementing streamlined pathways to understanding and controlling
impurities.

In this compilation, we revisit the last decade of Waters developments
in impurity analysis. As needs vary from one analyst to another, the
design of this application compilation was structured to navigate
primarily from two perspectives:

1. the analysts’ responsibilities within the pharmaceutical pipeline

2. the types of applications that are most challenging

Additionally, we recognize the changing regulatory requirements and
future challenges regarding impurities. Therefore, a separate table of
contents is provided to facilitate navigation to topics such as genotoxic
impurities (GTI), extractables and leachables (E&L), method modernization,
and stability testing.

NAVIGATION

This application notebook is broken into three distinct
sections to help you easily find information that’s relevant
to your needs. Pharmaceutical Pipeline identifies those
app notes relevant to the discovery, development, and
manufacturing of new drugs. If you're more interested

in which app notes detail the process and workflow in a
variety of application areas, then Application Workflow
is the section you want to spend more time on. Finally,
Trending Topics highlights scientific experiments that
leverage the latest technologies and therapeutic focus.
Finally, each table of contents highlights the technologies,
which are emphasized in the respective app note.

Hover and click on any one of the navigation aids below to
quickly link to the appropriate set of application notes.
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APPLICATION BENEFITS

® The ACQUITY® QDa® Detector can be
seamlessly integrated into the Waters®
AutoPurification™ System, making mass-
directed purification more readily accessible
to chromatographers and is ideal for
upgrading existing UV-directed systems.

m Pre-optimization and automatic calibration
routines make the ACQUITY QDa Detector
easy to use and reduce the time required for
operator training.

®m The Waters AutoPurification System with
ACQUITY QDa Detector provides flexible
automated compound isolation options
that simplify the purification workflow and
increase process efficiency by empowering
scientists to perform other tasks.

®m Mass-directed purification of compounds
improves productivity by collecting only
target compounds, thereby reducing
fraction handling and analysis that would
be necessary for UV-directed systems.
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INTRODUCTION

Pharmaceutical compounds synthesized in chemistry laboratories almost always
require purification before they can be used in experimental studies. Preparative
chromatography is often the technique used to clean up synthetic mixtures, but
the multi-step purification process can be cumbersome and time-consuming.
AutoPurify, a feature provided within the FractionLynx Application Manager of
MassLynx Software, streamlines the purification process with flexible, automated
strategies that reduce or eliminate user intervention between isolation steps.
While the benefits of AutoPurify have been discussed in detail previously,' the
integration of the ACQUITY QDa Detector into the AutoPurification System
makes mass-directed purification more readily accessible and provides the added
assurance that mass spectral data brings to chromatographic separations. With
its pre-optimized hardware and automated calibration routine, the ACQUITY QDa
Detector can be easily added to purification systems. In this application note, we
demonstrate the feasibility of successfully isolating a synthetic pharmaceutical
compound from a crude mixture using AutoPurify on an AutoPurification System
configured with an ACQUITY QDa Detector.

Mass-Directed Isolation of a Pharmaceutical Compound Using AutoPurify with an ACQUITY QDa Detector

1



[ ADPLICATION NOTE |

EXPERIMENTAL

LC conditions
LC system:

Detectors:

Analytical column:

Preparative column:

Mobile phase A:
Mobile phase B:

Column temperature:

Sample temperature:

Injection volume:
Flow rate:

Gradient:

MS conditions
lonization mode:

Data:
Mass range:
Scan time:

Cone voltage:

Sampling frequency:

Capillary voltage:
Probe temperature:
Detector gain:

Makeup solution:

Waters AutoPurification
System

ACQUITY QDa (mass);
2998 Photodiode Array

XSelect CSH C,g,
4.6 x50 mm, 5 pm
(p/n 186005287)

XSelect CSH C,; OBD Prep,
19 x 50 mm, 5 ym
(p/n 1860054 20)

Water with 0.1% formic acid
Methanol, neat

Room

Room

Reported in figures
Reported in figures

Reported in figures

Electrospray +
Centroid
100-850 amu
10 min

15

5Hz

0.8

600

1

90:10 water:acetonitrile
with 0.01% formic acid

Note: Makeup solution is only used for preparative

separations

Data management

MassLynx v4.1

FractionLynx Application Manager

Sample description

Dry pharmaceutical intermediate was dissolved in dimethylsulfoxide to

a concentration of 50 mg/mL.

RESULTS AND DISCUSSION

Before beginning the isolation process, the AutoPurify method was configured in
FractionLynx. The AutoPurify method defines the set of parameters that will be
used for analyzing the crude sample, selecting the purification method, running
the isolation protocol, and evaluating the collected fractions. In high throughput
laboratories where there is broad sample diversity, the system administrator

may choose to define multiple AutoPurify methods to adequately address the
different types of molecules that require purification. For example, there may be
a specific method for acids, bases, or hydrophobic molecules. While AutoPurify
can be configured to run automatically from analytical crude sample screening
and prep isolation to fraction analysis, the three stages may also be executed in
a semi-automated fashion. The software can be programmed to run the analytical
screening and generate the prep sample list. The user can then review the
FractionLynx browser report, make changes to the purification strategy if desired,
and then manually start the system to perform the compound isolation. In the
same manner, the user may review the newly generated purification results in the
browser report and edit the sample list before fraction analysis occurs. Thus, the
chemist can interact with AutoPurify as much or as little as he deems necessary
for a given set of samples. Detailed descriptions of the AutoPurify process have
been communicated previously.>?

Once the AutoPurify method was defined to perform the completely automatic
purification process from analytical screening through fraction analysis, the
synthetic crude mixture of the pharmaceutical intermediate was placed in the
sample manager and the system was started. After completing the analysis of
the crude material, the FractionLynx browser report showed that the sample was
approximately 67% pure. According to the parameters defined in the AutoPurify
method, the sample required purification. The software selected an appropriate
gradient for purification (the focused gradient named Narrow B in Figures 1

and 2), and immediately started the isolation.

Mass-Directed Isolation of a Pharmaceutical Compound Using AutoPurify with an ACQUITY QDa Detector 2
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Figure 1. The Analytical Interpretation tab in the AutoPurify method specifies the primary target and its required purity. The Narrow
Method tab defines the retention time ranges for each focused gradient method.
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Figure 2. The analytical browser report shows the chromatogram of the crude sample mixture, the purity of the target compound, and
the purification method that will be run. The analytical gradient ran from 5-95%B in 6 minutes. The injection volume was 5 L.
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AutoPurify uses the retention time of the target peak to select one of the predefined narrow gradients.

Narrow gradients, also known as focused gradients,* are useful in preparative chromatography because they
effectively increase the resolution between the target peak and its closely eluting neighbors without increasing
run time. Increased resolution ultimately leads to higher loading and greater product purity. Figure 3 shows the
preparative chromatography of the isolation using the Narrow B gradient method described in Table 1.
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Figure 3. Browser report for the preparative chromatography with Narrow Method B. The focused gradient increased the resolution
between the contaminant peak eluting at 2.4 minutes and the target peak. The spectrum of the fraction tube showed excellent purity.
The mass at 139.5 was most likely due to in-source fragmentation. The injection volume was 85 pl, geometrically scaled from the
5-pL injection on the analytical column.

Without user intervention, analysis of the collected Time Flow %A %B
fractions was performed immediately following the 0.00 25 95.0 50
completion of the preparative isolation. The 035 25 950 50
analysis method used was the same one as the 13] 25 863 137
original screening gradient, running from 5-95%B 7.3] 25 75’0 25.0
in 6 minutes. The estimated purity of the fraction ?'4] 5 5 0 95'0
shown is 97%, as the peak in red is actually part 8.4] > 5'0 95'0
of the column washout. The results of the fraction : : :
. - 8.51 25 95.0 5.0
analysis are shown in Figure 4.
11.31 25 95.0 5.0

Table 1. Narrow Method B. The 0.35 minute hold at the
beginning of the gradient is to account for the difference in
system volume between the analytical and preparative system
flow paths.
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CONCLUSIONS

The ACQUITY QDa Detector is suitable for integration into
purification systems, making mass-directed purification

more accessible to all isolation chemists.

Mass-directed purification of compounds reduces cost and
saves time by collecting only specific target compounds,
thereby reducing the number of fractions requiring analysis
and handling.

The ACQUITY QDa Detector is compatible with AutoPurify,
the software feature in FractionLynx that executes all phases
of the purification process from crude sample analysis to final
fraction evaluation.

AutoPurify effectively improves productivity by increasing
sample throughput with minimal user intervention at each
step of the isolation process.
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Supporting Pharmaceutical Synthetic
Process R&D Using LC/MS

GOAL Enhance productivity through confirmed identification
To demonstrate enhancements to UPLC®/MS of synthesized compounds and impurities using UPLC
technology and its use with open access .
. . with the 5Q Detector 2.

software to improve synthetic process
monitoring for process R&D chemists.

Peak I.D. Description RT (min) Mass (m/z)

1 Impurity 1 1.51 267.2
BACKGROUND 2 Impurity 2 163 313.2
Once a chemical hit is found through a library 3 Impurity 3 1.88 418.4

_ S e e API API 1.68 419.4

screening process and is verified, investigation By-product By-product 154 4374

of the compounds’ synthetic route takes place.

. . . . Table 1. jon ti i jti identifi ks.
This step involves an iterative process of able 1. Retention time and mass of impurities and identified peaks.

different synthetic approaches to generate the

identified compound efficiently and safely. o

Because these reactions may take a long time,
chemists need to know as soon as possible if
their syntheses are proceeding as desired. This :

L8]
atd

means utilizing measurement capabilities that

require minimal Sample preparation and provide B P ¥ A e P T s YRy gy

a fast response giving low detection limits.
Figure 1. Chromatographic separation of three impurities, API, and by-product.

High throughput approaches can provide

important time savings in the optimization Open access software offers the power of chromatography and mass spectrometry
of process parameters and help identify false to chemists who are not analytical instrumentation specialists. It allows them to
positives. Open access LC/MS is replacing TLC as quickly and easily know what they've made and allows the experts to work on the
a reaction monitoring tool. Sample preparation difficult analytical problems.

of reaction mixtures can be as minimal as

filtering and dilution before injecting into the An open access UPLC/MS system was investigated for process R&D support. In

LC/MS system. This allows fast turnaround of this technology brief, we describe some of the enhancements to LC and LC/MS

. h ies thath f hat i he through
results to allow the chemist to advance to the technologies that have generated useful tools that improve the throughput . -

and accuracy of these assays.

next step or to eliminate the process.

Thus, sample throughput is a critical issue for
process RE&ED chemists. UltraPerformance LC®
(UPLC) leverages sub-2-um LC particle

technology to generate high efficiency and

THE SCIENCE OF WHAT'S POSSIBLE.”

faster separations.

Supporting Pharmaceutical Synthetic Process R&D Using LC/MS ‘ 6
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LC conditions

LC system:

Column:

Mobile phase A:

Mobile phase B:

Gradient:

Flow rate:
Column temp.:
Sample temp.:

Injection volume:

MS conditions

MS system:

lonization mode:

Acquisition range:

Capillary voltage:

Cone voltage:

Desolvation temp.:

Desolvation gas:

Source temp.:

ACQUITY UPLC with
SQ Detector 2

ACQUITY UPLC BEH,
2.1 x30 mm, 1.7 pm

0.1% Formic acid in water

0.1% Formic acid

in acetonitrile

5% to 95% B over

2 minutes
800 pL/min
50

8°C

2.0 L

SQ Detector 2
ESI+/ESI -

150 to 600 m/z
3.0KV

20V

450 °C

900 L/Hr

150°C

Woaters
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THE SOLUTION

A representative sample from a synthetic chemistry laboratory was analyzed a
using gradient of 2 minutes. Chromatographic separations were carried out using
an ACQUITY UPLC® System coupled to an SQ Detector 2 single quadrupole mass
spectrometer, using OpenLynx Application Manager for MassLynx™ Software.

By using a walk-up UPLC/MS system, chemists were able to quickly and easily
determine the successful completion of their reactions with mass confirmation,
noting the APl synthesis as well as seeing the formation of any side products
or other impurities. As a consequence chemists can spend less time setting up
and analyzing the samples, get mass confirmation quicker than previously,

and therefore increase their reaction throughput.

SUMMARY

Synthetic chemists frequently need to confirm the identity of synthesized
compounds and confirm the presence of any impurities quickly and easily using
very small quantities of material in the quickest possible time. The ability to do
this using an open access LC/MS system utilizing UPLC with the SQ Detector 2
allows them to make rapid, informed, high quality, data rich decisions on their
synthetic processes thereby enhancing their productivity and improving their
support of the drug discovery and development process.

Waters Corporation

34 Maple Street

Milford, MA 01757 U.S.A.
T: 1508 478 2000

F: 1508 872 1990
www.waters.com




Characterization of

Impurities in Synthesized
Fine Chemical Products /

GOAL FastDDA automatically produces MS/MS product ion

To successfully characterize impurities in spectra that can be used to successfully elucidate
synthesized fine chemicals by exact mass

the structure of trace level impurities.
MS/MS using FastDDA on the Xevo® G2 QTof. P

2.44

BACKGROUND 10; L 202.1596
Analytical laboratories studying the products o ik 1m | see ase | see | 3m T ano
of organic synthesis have to consider many 100 2.06

things from confirmation of the final product = /\\ e 198.1283
to identification of impurities. Impurity CTTTTToR T ik im | ee sk ko 3k abo
identification, whether expected or not, is 100 L2

an essential part of the manufacture of fine ; 1ﬁfL 186.1283

050 1.0 150 200 250 300 35 400

chemicals, as any impurities could adversely

affect the properties of the final product. This 100 s

applies equally to the raw starting materials ; o A\ e ‘184"112‘6

and the final synthesized product. % e n o0 e o0 0 o0
100 185,

Obtaining MS/MS product ion spectra is one =2 e R zﬁ“ BPI

useful way of elucidating the structure of T o o is soo 2m | G0 ss0 oo

impurities, while exact mass provides additional

Figure 1. BPI chromatogram for octahydroacridine (Rt = 1.85 min) with extracted mass

confidence to structural assignments. However, ) 7 :
chromatograms for four of the impurities found automatically by FastDDA.

the manual setup of each product ion experiment
can be time consuming and prone to human error,
so a Data Directed Analysis (DDA) is beneficial

with regard to laboratory resources. DDA

Octahydroacridine (>37% purity) was used here for illustration purposes. Base peak
intensity (BPI) chromatogram and extracted ion chromatograms of some of the

impurities found automatically by FastDDA are shown in Figure 1. Octahydroacridine

automatically selects ions for MS/MS acquisitions o . . . . . .
is interesting as it plays an important role in the preparation of alkaloids, dyes,

in real time, as components elute from the . ) )
drugs, and other biologically active compounds.

column. Recent improvements in the spectral

acquisition rate (30 Hz) now enable DDA to be

compatible with UPLC® peaks.

THE SCIENCE OF WHAT'S POSSIBLE.

Characterization of Impurities in Synthesized Fine Chemical Products ‘ 8
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THE SOLUTION

Waters® Xevo G2 QTof, coupled with the

ACQUITY UPLC® System and operated in FastDDA
acquisition mode, rapidly and automatically generated
MS/MS product ion spectra of all the impurities,
enabling structural elucidation to be performed

with MassFragment™ Software.

FastDDA intelligently selects ions for MS/MS
acquisitions in real time, as components elute from
the chromatographic system. Embedded algorithms
rapidly interrogate MS survey spectra and co-eluting
precursor ions are selected for MS/MS analysis based
on threshold intensity and pre-defined exact mass

include/exclude lists.

In this example, octahydroacridine (m/z 188.1439)
was excluded from the FastDDA setup as the expected
compound. This setup allowed seven discrete
impurities to be characterized with the automatic
generation of high resolution MS/MS product ion

spectra, four of which are shown in Figure 2.

MassFragment Software, the automated structural
elucidation tool which uses a systematic bond
cleavage and ranking algorithm, was employed to
rationalize and identify fragment ion structures from
potential impurities. By submitting a postulated
precursor structure and a MS/MS product ion spectrum,
the MassFragment Software tool generates a report of
possible fragmentation with exact mass confirmation.
An extract from the MassFragment results summary
for the impurity, m/z 202.1596, is shown in Figure 3.

Waters
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Figure 2. FastDDA spectra for some of the impurities of octahydroacridine.
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Figure 3. MassFragment report summary

for m/z 202.1596.

SUMMARY

The synthesized product and trace-level

impurities were successfully characterized

using the:

® High resolution capabilities of UPLC

B Rapid, automated, and intelligent

acquisition rates of FastDDA

B Sensitivity, resolution, mass accuracy,

and dynamic range of Xevo G2 QTof

B Automation of MassFragment Software

The rapid, automated nature of this

solution minimizes the need for manual

intervention, which reduces the drain

on laboratory

resources and maximizes

the information obtained from a single

analytical experiment.

Waters, The Science of What’s Possible, UPLC, Xevo, and ACQUITY UPLC are registered trademarks of Waters Corporation. MassFragment is a
trademark of Waters Corporation. All other trademarks are the property of their respective owners.

©2011 Waters Corporation. Produced in the U.S.A.
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GOAL

To demonstrate the fast chiral separation of
benzyl mandelate and the enantiomeric excess
determination at 0.02% impurity level using
the Waters® ACQUITY UPC2™ System.

BACKGROUND

According to the September 2005 issue of
Chemical & Engineering News, 9 out of the top
10 drugs (based on sales figures) have chiral
active ingredients, and five of those nine drugs
have single enantiomeric active ingredients.
The single enantiomeric form of a chiral drug
is considered an improved chemical entity,
which may offer a higher efficacy, a better
pharmacological profile, and a more favorable
adverse reaction profile. For the manufacturers
of single enantiomeric drugs, the undesired
stereoisomers should be considered in the
same manner as other organic impurities.
Regulatory requirements for the identification,
quantification, and control of impurities in drug
substances and their formulated products have
been explicitly defined by the International
Conference of Harmonization (ICH). The
threshold for identification and quantification
of organic impurities is 0.1% for the majority of
compounds, according to the ICH.

The high detection sensitivity of the ACQUITY UPC?
System enables the identification and quantification

of enantiomeric impurities in drug substances.

OH
0. X 0. 9
0] o

Figure 1. Chemical structures of R- and S-benzyl mandelate.

o
sy

3

THE SOLUTION

Benzyl mandelate, shown in Figure 1, is an important synthetic intermediate for
pharmaceutical synthesis. A racemic mixture of R- and S-benzyl

mandelate (0.20 mg/mL in methanol for each enantiomer) was separated

using UltraPerformance Convergence Chromatography™ (UPC?™), and the
chromatogram is shown in Figure 2. Key experimental parameters are listed in
Table 1.

R S Rs=7.28
5 0.20- /\
< 4
0.00
L L | T LI LA A B
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Minutes

Figure 2. UPC? chromatogram of R- and S- benzyl mandelate at 0.20 mg/mL of each enantiomer.

THE SCIENCE OF WHAT'S POSSIBLE.”
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Low Level Enantiomeric Impurity Analysis Using the ACQUITY UPC? System ‘ 10
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The overall analysis time was less than 1.5 min. Average
base peak widths were less than 6 s. Based on the peak
area, the ratio of the R- and S-benzyl mandelate was
0.997. Retention time and peak area repeatability
measurements were based on five replicate injections, as
summarized in Table 2. At 0.20 mg/mL concentration,
repeatability for retention time was better than 0.23%
RSD and better than 0.5% RSD for peak area.

Analyte Benzyl mandelate

Isomer R- S-
Retention 'R (min) 0.933 1.344
time
Std. dev.  0.00179 0.00283
% RSD 0.23 0.21
Peak area  Peak 593374 594972
area
(O]
Std. dev. 2815.4700 2986.2300
% RSD 0.47 0.50

Table 2. Retention time and peak area repeatability at
0.20 mg/mL of each enantiomer.

Figure 3 shows the UPC? chromatogram of R-benzyl
mandelate at 2 mg/mL. The minor peak at 1.30 min
corresponds to S-benzyl mandelate as confirmed by
the UV spectrum (results not shown). This S-benzyl
mandelate impurity peak has an S/N of ~3 (LOD) and
represents 0.02% of the major peak based on the
peak area. This increased detection sensitivity can be
attributed to the holistically designed ACQUITY UPC?
System, which includes an improved pumping system
and an optimized detector design. The enantiomeric
excess (e.e.) in this case was 99.96%.

Woaters

THE SCIENCE OF WHAT'S POSSIBLE.’

Waters and The Science of What's Possible are registered trademarks of Waters Corporation. ACQUITY UPC?, UPC?, and UltraPerformance

Flow rate 4 mL/min

Mobile phase CO,:methanol=70:30

Back pressure 120 bar

Temperature 40°C

Column CHIRALPAK AD-H (4.6 x 150 mm, 5 pm)
Injection volume 5L

Table 1. Key experimental parameters.

0.004
4 RLA\"—M
1 S

0.000-

L L L L L T [ B L B B
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Minutes

Figure 3. UPC? chromatogram of R- and S-benzyl mandelate showing the LOD of the S-benzyl
mandelate at 0.02% of the main peak (2 mg/mL).

SUMMARY

UPCZ chiral separations of R- and S-benzyl mandelate in less than 1.5 min were
successfully demonstrated using the ACQUITY UPC? System. At 0.20 mg/mL
concentration of each enantiomer, excellent repeatability (better than 0.23% RSD
for retention time and better than 0.5% RSD for peak area) was obtained. Improved
detection sensitivity, resulting from a new pumping system and optimized detector
design, made detection of a 0.02% enantiomeric impurity and e.e. determination
possible. The AQUITY UPC? System is suitable for the analysis of low level
enantiomeric impurities, enantiomeric excess determinations, and QA/QC analyses.

Waters Corporation

34 Maple Street

Milford, MA 01757 U.S.A.
T: 1508 478 2000

Convergence Chromatography are trademarks of Waters Corporation. All other trademarks are the property of their respective owners.
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Chiral Purification with Stacked Injections and Collections
Using the Prep 100 SFC MS Directed System

Steve Zulli, Dan Rolle, Zigiang Wang, Ph.D., Timothy Martin, Rui Chen, Ph.D., and Harbaksh Sidhu

Waters Corporation, Milford, MA, USA

APPLICATION BENEFITS

Implementing the stacked injection mode for
chiral purification demonstrates the versatile and
flexible collection scheme offered by the Prep
100 SFC MS Directed System. This open-bed
platform for collection at atmospheric pressure
conditions provides higher efficiency and greater
success when multiple detectors are used

including a mass detector trigger.

WATERS SOLUTIONS

Prep 100 SFC MS Directed System
2998 Photodiode Array (PDA) Detector
3100 Mass Detector

2767 Sample Manager

MassLynx™ Software

FractionLynx™ Application Manager

Stacked Injection Module

KEY WORDS
Chiral

Prep 100 SFC
Stacked injections
Mass directed

Open-bed collection

Home

INTRODUCTION

Chiral chromatography has become the preferred tool for enantiomer separations
in the early stages of pharmaceutical development for the purpose of accurately
identifying single pure enantiomers with pharmacologic, toxicological, and

clinical information, as stipulated by the FDA!

Supercritical fluid chromatography (SFC) has proven to be a mainstream
technology for chiral separations based on its higher efficiency, throughput, and
wide applicability. Chiral SFC has seen increased interest and applicability, in

some cases, becoming the method of choice.

Frequently, enantiomeric mixtures contain some significant impurities, which
decrease the efficiency of the actual purification process where stacked injection
and signal-threshold-based collection strategies (such as UV/PDA detection)

are commonly used. In most cases, a pre-cleanup step is necessary but
impractical because of resource and labor restrictions. This requires a versatile
detection scheme capable of distinguishing the enantiomers from other
impurities. The 3100 Mass Detector is an ideal choice in addition to UV/PDA
detectors that are widely used in chiral separations.

In this application note, the Prep 100 SFC MS Directed System, with stacked
injections and collections on the open-bed platform is demonstrated as a tool in
chiral compound purification. The system configuration and methodology for the

chiral separation cases are reviewed and presented.

Chiral Purification with Stacked Injections and Collections Using the Prep 100 SFC MS Directed System 12
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EXPERIMENTAL

Chemicals

CO, from Airgas (Salem, NH, USA) is supplied
in pressurized liquid form at approximately
1100 to 1300 psi through house lines to the
Prep 100 SFC MS Directed System.

Methanol and trans-stilbene oxide
(TSO, MW196) were provided by Sigma-Aldrich
(St. Louis, MO, USA).

SFC columns

ChiralPak AD-H and ChiralCel OD-H

(both 21 mm x 250 mm, 5 pm) were supplied by
Chiral Technologies (West Chester, PA, USA).

SFC system

Prep 100 SFC MS Directed System was imple-
mented with an additional stacking injector.
The 2767 Sample Manager was configured as
a simplified, repetitive fraction collector.

METHOD CONDITIONS

SFC gradient and flow program

For all data presented, the maximum total flow
of 100 g/min was used with various isocratic
modifier programs.

Mass detector conditions

The standard ESI mode for all experiments

with the 3100 Mass Detector used the following
key parameters:

Capillary voltage: 3.5KV
Cone voltage: 40.0V
Extractor voltage: 30V
RF Lens voltage: 01V
Source temp.: 150 °C
Desolvation temp.: 350°C

Desolvation gas flow: 400 L/hr
Cone gas flow: 60 L/hr

0.1% formic acid in methanol is used as
make-up/conditioning flow into MS for
improved ionization efficiency.

Data management
MassLynx/FractionLynx, version 4.1

RESULTS AND DISCUSSION

Scale-up purification with stacking injection mode
A commonly accepted best practice in chiral analyses is to utilize the stacking mode
for sample injection and fraction collection, maximizing efficiency and reducing

production costs.

The mass-directed-based system has advantages in difficult situations where
significant impurities are present, by selectively identifying targets of interest and
collecting them while correctly ignoring unwanted impurities; thus, maintaining
the high efficiency of chiral SFC for purifications, realizing wider applicability, and

becoming the routine mainstream tool for chiral drug development.
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Figure 1. Stacked injection mode is integrated into MassLynx Software.

~ test.w6? - Inlet Method

File View Tools LC Waters2787 Haip
DSH & igi g mle
@P [Waters 2767 Autosampler

Status

@ - Stacked |njections -
Number of Injections I3

Autosampler

Injecticn | Wash | Auiiary | Fraction Misng Stacked Injsctions |

Injection Interval (mir) 1.5

Loop Sweep Time [sec) Ilﬂ

For Help, press F1

Figure 2. Stacking injection parameters as part of method settings.
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To use the mass-directed system for chiral purification to its maximum benefit, certain modifications had to be
made on the Prep100 SFC System. These included the addition of a dedicated injector and collection bed layout

modifications to accommodate larger containers for repetitive fraction collections of the enantiomers.

Stacking of injection /injector implementation

A Waters® Stacked Injection Module was integrated into the Prep 100 SFC System. Users select “Injection Type,”
and enter the total number of stacked injections and other related parameters in the software program, as shown in
Figures T and 2. A customized injector sequence is implemented to run the injector in stacking mode. The injector

can draw sample aliquots from a single, bulk sample vessel.

When not in stacked injection mode, the 2767 Sample Manager maintains its capabilities of performing single

injections from the sample racks on the bed, as defined in the Sample List.

Figure 3 shows representative chromatograms from stacked injections of a two-peak mixture. Both UV and MS
trace of desired mass are identified correctly, ensuring the reliability and successful fraction collections by either

UV or MS trigger. In this case, UV signal was used as the collection trigger; if needed, MS signal can also be used.

Customization of collection bed layout for single bottles

The Prep 100 SFC MS Directed System utilizes the 2767 Sample Manager as the dedicated fraction collector. In
chiral purifications, since the number of the collected fractions are two (or may be up to four in some cases), larger
containers with repetitive back-and-forth collection mode are desired in place of the routine tube rack format in

one-to-one fashion.

The 2767 Sample Manager was, therefore, customized by defining the locations of the desired larger containers
on the bed, to allow repetitive back-and-forth stacking collection sequences for the same enantiomer from all the
stacked injections collected into the same bottle.

3 cm EP, 2: Diode Array
stack inj 3 77.54052369077307%
6.0e+1
> 4.0e+1
4
2.0e+1
0.0 SUURE SR S S SO S S - ————
1.00 2.00 3.00 4.00 5.00 6.00
tack inj
stackinj 3 1: Scan ES+
X

14

1.00 200  3.00 400 500  6.00
Time

Figure 3. Stacked injections and demonstrated correspondent collection bands.

As shown in Figure 3, the two enantiomer fractions were collected into bottle 1 (pink band) and bottle 2 (green
band), respectively. This was done in a back-and-forth fashion on the 2767 Sample Manager bed from a single
injection line in the sequence. This demonstrated that the process was successful, meeting the key criterion using
MassLynx Software and FractionLynx Application Manager to correctly identify and collect the enantiomer pair

by its signal intensity level.

Chiral Purification with Stacked Injections and Collections Using the Prep 100 SFC MS Directed System 14
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Figure 4 shows a selective separation and collection that represents a case where an unwanted peak co-existed
with the desired enantiomer pair. Only two separated, targeted compounds were collected via targeted mass.

This is depicted by colored bands. However, the extra third peak (unwanted impurity) was not collected.

The MassLynx/FractionLynx AutoPurify™ platform has many advanced detection and collection algorithms that
can be adopted for sophisticated workflow, such as Boolean logic of multiple detector signals as triggers. If
the sample is sufficiently clean, a user may opt to use UV/PDA for detection. If the sample contains significant
portions of impurities, the operator may opt to use combined signal and slope algorithms and specific targeted
masses to ensure purer collections.

ACK 3-mix, pyridine
ACK mix 2 14 2: Diode Array
3.0e+1
] A A i n fl f
5 2.0e+1 {III it 1|| || fl "
" et | i1 Bl B Bl
1.0e+1 || | I | | |
E l} ll || | | | { | IIl | | ||
0.0 LA L LA ! L. Y
8.00 10.00 12.00  14.00 16 00 18.00 20 00 22.00 24.00 26.00
ACK mix 2 14
1004 1: Scan ES+
2.00 4.0 8.00 1000 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
ACK mix 2 14
1: Scan ES+
0 v r T y y T
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Figure 4. Stacked injection and collection of two peaks from a three-peak mixture.
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CONCLUSIONS Reference

The Prep 100 SFC MS Directed System has demonstrated its high efficiency, 1. http://www.fda.gov/cder/guidance/stereo.htm
applicability, and versatility in various pharmaceutical developments. The added

feature of stacked injections and collections of the Prep 100 SFC MS Directed

System demonstrated here, enables more customized capabilities for chiral

separation applications that benefit chromatographers in purification labs such as:
m Multiple and versatile detection modes for a higher success rate.

m The same stacked injection and collection mode on an open-bed

platform facilitating ease-of-use.

m A safer lab environment in compliance with industrial and

governmental regulations.

The Waters Prep 100 SFC MS Directed System is a powerful tool for chiral
purification in drug discovery as well as other preparative chromatography,

meeting the increased demand for productivity and greater success.

Woaters
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Waters Corporation
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Waters is a registered trademark of Waters Corporation. AutoPurify, MassLynx, FractionLynx, and Milford, MA 01757 US.A.
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Importance of Selectlvitglftfr Reaction Monitoring

Michael D. Jones, Sean M. McCarthy, and Paula Hong\the% Corp, 34 Maple Street, Milford, MA, USA
I James McKearin, Prime Organics Inc., 25 Olympia Ave, Woburn, MA, USA

GOAL
To demonstrate the benefit of different
selectivity of UPC® compared to LC when used

for the analysis of synthetic reaction mixtures.

BACKGROUND

During the development of new chemical
entities (NCE), there is a need to analyze
reaction mixtures, synthetic intermediates, and
isolated compounds. Understanding the purity
of the materials used in a reaction provides
information that is used to aid reaction rates,
inhibit catalyst quenching mechanisms, and
provide insight to scalability.

Due to the complexity of reaction mixtures,
a single chromatographic method or
technique is not sufficient for providing the
information scientists require. For example,
during the synthesis of a molecule, lack of
chromatographic selectivity can lead to
poorly separated impurities that often affect
the target molecule yield throughout the
synthetic pathway.

In terms of high-throughput screening (HTS)
using LC, screening strategies including

high /low pH have recently been implemented
to alter chromatographic selectivity. However,
this reaction monitoring process may still be
inefficient in separating structurally similar
components generated during the synthetic
process. It is critical when submitting an NCE to
a compound library that identity and purity are
assessed, thus, making orthogonal separations
strategies important.

Home

Alternative chromatographic selectivity with UPC®
allows for robust and accurate characterization of

synthetic reaction mixtures.

OtBDMSi [e]

ocH H
Za COZCQ/\/“\&PNP ACN/ 14 rs
| Column
H,C N
,CN
CH, sv:)zch3
SM1 SM2 Product

Figure 1. A single reaction step from the rosuvastatin synthesis reaction scheme.

THE SOLUTION

The primary aspects of this investigation evaluate Convergence
Chromatography for monitoring the total synthesis of the pharmaceutical

drug substance rosuvastatin, an HMG-CoA inhibitor. We used an ACQUITY
UPC?™ System configured with an ACQUITY UPC? PDA for UV detection and an
ACQUITY® QDa™ Detector for mass detection. For simplicity, we compared the
ACQUITY UPC? results from one of the synthetic stages to the results acquired
with reversed-phase UPLC® using high/low pH screening. The details of the
synthetic step are shown in Figure 1.

THE SCIENCE OF WHAT'S POSSIBLE.”
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Differences in chromatographic selectivity were
clearly apparent as shown in Figures 2 and 3.

At T= 0 the ACQUITY UPC? (A), UPLC Low pH (B) and
UPLC High pH (C) separations were able to resolve
each of starting materials in the reaction mixture
(Figure 2). The reaction was monitored using both
techniques after several hours at reflux. The UPC%®
separation resolved both the starting materials

and the final product in the mixture (Figure 3). In
contrast, neither of the UPLC separations provided
enough specificity between the product (PDT) and
starting material (SM1). Additionally, the starting
material labeled “SM2” appeared quenched in both
UPLC separations, but not in the UPC? results.

The monitoring wavelength of 270 nm was suitable
for the starting materials; however, 270 nm was not
suitable for monitoring the product material during
the UPLC analysis. The systems were configured to
acquire a 3D PDA MaxPlot data channel ranging from
210 nm to 410 nm. This capability allows for UV
spectral analysis and selected wavelength extracted
chromatograms. The PDA spectra of the product
indicated a lambda max of 295 nm. Therefore,
chromatograms were extracted from the MaxPlot
data channel to best monitor the reactions without

having to change methods prior to next experiments.

Interestingly, the SM2 material is not as easily
detected by UPLC at 295 nm. The UV absorbance
of the mobile phase interferes with the detection of
the SM2, hence appearing as a quenched reaction.
Although changing the wavelength was needed

to monitor the production of the target molecule,
the PDA 3D data collection (MaxPlot) provided the
ability to view the results at 270 nm. Deriving a
chromatogram at 270 nm combined with the MS data
enabled us to determine the presence of SM2 in the
clean-up stages of the final material.

Home
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Figure 2. Chromatographic overlays at 270 nm of (A) ACQUITY UPC? (B) UPLC low pH, and (C) UPLC

high pH results for the initial time point (T=0 min). See figure 1 for SMI and SMZ structures.
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Figure 3. Chromatographic overlays at 298 nm of (A) ACQUITY UPC? (B) UPLC low pH, and

(©) UPLC high pH results for time point 5 (T5 = 6hrs).
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SUMMARY

ACQUITY UPC? for the analysis of reaction mixtures provides added selectivity and orthogonality when
compared to reversed-phase LC high/low pH screening separations. Extracted wavelengths from the PDA
Maxplot provided the ability to monitor reactions at various wavelengths and verify UV spectral profiles
without having numerous data files to investigate. In addition, using both MS and PDA detection for either
technique provides an accurate and quantitative assessment of the reaction progress and purity.
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Improving Productivity in Purifying Antroquinonol Using
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and Preparative Supercritical Fluid Chromatography (Prep SFC)
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APPLICATION BENEFITS

®m For antroquinonol and its derivative,
UPC? results in improved resolution,
compared to RPLC, allowing for increased mass
loading in the ensuing prep SFC method.

m UPC? and prep SFC methods yielded a more
favorable elution order compared to RPLC,
further facilitating the purification step due
to increased mass loading.

m Purification via prep SFC offered a nine-fold
improvement in overall productivity and
reduced the organic solvent use by 77%
compared to the prep HPLC approach.

WATERS SOLUTIONS
ACQUITY UPC®™ System with ACQUITY TQD

ACQUITY UPLC® H-Class System
with SQ Detector 2

AutoPurification™ LC System with
3100 Mass Spectrometer

Prep 100q SFC System with
3100 Mass Spectrometer

ACQUITY UPC?2 2-EP and BEH 2-EP Columns
Viridis® Silica 2-EP Column
HSS T# Columns

KEY WORDS

Natural products, purification, prep,
UPC?, SFC, convergence chromatography,
CC, antroguinonol
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INTRODUCTION

Natural products are a productive source of leads for new drugs due to their
high chemical diversity, biochemical specificity, and many “drug-likeness”
molecular properties.* A large portion of today’s existing drugs on the market
are either directly derived from naturally occurring compounds or inspired by
a natural product. In addition, natural products are used directly in the forms
of food supplements, nutraceuticals, and alternative medicines. Isolation and
purification of bioactive compounds play an important role in natural product
research. The most commonly used process involves extraction of target
compounds from the cellular matrix and pre-purification by various low to
medium pressure liquid chromatographic techniques, predominantly reversed-
phase liquid chromatography (RPLC).5 While being a generally applicable
chromatographic technique for a variety of compound classes, RPLC does not
guarantee adequate resolutions for all analytes, especially for those structural
analogs and isomers of similar polarities often found in natural products. As a
result, the purification step is perceived by many as a rate-limiting step and a
major bottleneck for natural product drug discovery.” To that end, supercritical
fluid based chromatographic techniques, including UltraPerformance Convergence
Chromatography™ (UPC®), a novel analytical chromatographic technigue that
applies the performance advantages of UPLC to supercritical fluid chromatography
(SFC), and preparative supercritical fluid chromatography (prep SFC) have brought
viable new additions to the natural product research toolbox by offering a wide
range of selectivity complementary to RPLC.

Antroquinonol, with its structure shown in Figure 1, is a ubiquinone derivative
recently isolated from the mycelium of Antrodia camphorata, a parasitic fungus

Antroquinonol
Exact mass: 390.28
Log P: 3

Figure 1. The chemical structure, molecular mass, and Log P of antroquinonol.

Improving Productivity in Purifying Antroguinonol Using UltraPerformance

Convergence Chromatography (UPC?) and Preparative Supercritical Fluid Chromatography (Prep SFC)
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EXPERIMENTAL

Materials and Reagents

HPLC grade methanol and isopropanol (IPA)
were purchased from Thermo Fisher Scientific
(Fair Lawn, NJ, USA). Denatured ethanol
(reagent grade) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). The
antroquinonol raw product (98% purity)

was from a commercial source and dissolved
in methanol at 1 mg/mL for analytical
experiments and 20 mg/mL for

preparative experiments.

Chromatography

The UPLC®/MS experiments

were performed on a Waters® ACQUITY

UPLC H-Class with SQ Detector 2. The
UPC?/MS experiments were performed on
aWaters ACQUITY UPC? with ACQUITY®

TQD Mass Spectrometer. Both systems were
controlled by MassLynx® Software. The
LC/MS experiments were performed on a
Waters AutoPurification LC System with

3100 Mass Detector. The preparative SFC
experiments were performed on a Waters Prep
100q SFC System with 3100 Mass Detector.
Both systems were controlled by MassLynx
Software and FractionLynx™ Application
Manager. Detailed experimental parameters are
summarized in Tables 1 and 2.

unique to Taiwan 2 Antroguinonol has proven cytotoxic activities against multiple
tumor cell lines.®!" Pre-purification of antroquinonol from the mycelium extract
involves two RPLC steps of using silica gel and size exclusion gel, respectively,
resulting in a raw product of 98% purity.® In order to support medicinal research
where a higher purity (>99%) product is generally required, it is imperative to
develop an efficient and cost-effective purification strategy to further purify

the raw product. Described herein is a comparative study on using prep LC

and prep SFC to purify the antroquinonol raw product to achieve >39% purity.
Chromatographic behavior of the analytes, including resolution and elution
order, using each technique and their implications on downstream preparative
chromatography is discussed. The productivity and solvent consumption for each
purification technique are also compared.

Figure 2A Figure 2B Figure 4A

(RS ACQUITY UPLC H-Class/ AutoPurification ACQUITY UPLC H-Class/
SQD 2 System LC MS System SQD 2 System
Flow rate
Gl 0.60 1.46 0.75
Mobile phase A Water Water Water
Mobile phase B Methanol Methanol Methanol
Backpressure N/A N/A N/A
(psi)
MS detection ESl+ ESI+ ESI+
ACQUITY UPLCHSS T3 Atlantis T3 REVULCLLEER

€

Column .
(2.1 x50 mm, 1.7 pm)

(3.0x 150 mm, 1.8 pm) | (4.6 x 150 mm, 5 pm)

Temperature

0) 60 Ambient 60
Injection .
voJleucmg(pL) 1 Varying 0.5
Time (min) %B Time (min) %B |  Time (min) %B
0 92 0 88 0 80
5 96 3.08 88 4 80
Gradient 5.25 92 8.21 94
6 92 8.61 100
9.22 88
20.90 88

Table 1. Key experimental parameters for LC.
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Figure 3A Figure 3B
2 Prep 100q SFC System
Instrument ACQUITY UPC< /ACQUITY TQD with 3100 Mass Detector
Flow rate
(mL/min) 2 el
Mobile phase A o, o,
Mobile phase B Isopropanol Isopropanol
Bac'kpressure 1740 1740
(psi)
MS detection APCl+ ESl+
Temperature
o 45 40
0
Injection
volume (L) U S0
Column ACQUITY UPC? 2-EP Viridis Silica 2-EP
(3.0x 100 mm, 1.7 um) (19 x 150 mm, 5 um)
Time (min) %B Time (min) %B
0 5 0 5
2.50 25 1 5
Gradient 2.75 40 6.5 9
3.25 40 9
3.50 5 7.25 5
4 5 8 5

Table 2. Key experimental parameters for UPC? and Prep SFC.

RESULTS AND DISCUSSION

Figure 2A shows the UPLC/MS chromatogram of the antroquinonol raw product. The peak at m/z 391 is the
sodium adduct of antroquinonol and the impurity peak at m/z 383 is the sodium adduct of the demethoxylated
antroquinonol. Although baseline resolved, the structural similarity between antroquinonol and its derivative
resulted in a rather limited resolution, which severely hampered the sample loadability in the prep LC.

Figure 2B summarizes a loading study of the raw product on an analytical column (4.6 x 150 mm, 5 pm).

The baseline resolution was only preserved with a 10-pL injection. The resolution deteriorated as the
injection volume increased, and completely diminished with an 80-pL injection. If geometrically scaled up
toa 19 x 150 mm semi-prep column, the maximum loading is projected to be 170 pL. At 20 mg/mL, this
translates into a maximum loading of 3.4 mg/injection.

Improving Productivity in Purifying Antroquinonol Using UltraPerformance 22
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UPC? offers an attractive alternative. Figure 3A shows the UPC?/MS chromatogram of the antroquinonol raw
product. Compared to UPLC (Figure 2A), the UPCZ method provided a better resolution between antroguinonol
and its derivative, allowing for an increased mass loading in the ensuing prep chromatography. It is also

noted that the elution order of antroquinonol and its derivative is the opposite of that in RPLC. When a polar
stationary phase, such as 2-EP, is used, UPC? resembles normal phase chromatography (NPLC) and offers
orthogonal selectivity to RPLC. As a result, the elution order of the analytes is often the reverse of that in
RPLC. Elution order could play an important role in the overall productivity of prep chromatography, especially
for those closely eluting target/impurity pairs. Since the peak front generally accounts for a higher weight
percentage of the total peak than the peak tail of the same time interval, it is highly desirable to have the target
compound elute before the impurity, so that when the target and impurity are less than baseline resolved, only
a small portion of the target peak is excluded during collection. In the current study using RPLC, the impurity
elutes before the target. With a 40-pL injection (Figure 2B), high purity antroquinonol can only be obtained

at the expense of target recovery and total productivity. In contrast, the prep SFC chromatograms depict a
much more favorable scenario for prep chromatography (Figure 3B). With impurity eluting after the target,
high purity antroquinonol can be collected with negligible loss in productivity, even at the loading level where
antroquinonol and the impurity slightly overlap, as shown in Figure 3B.

Scan ES+
100 i
Impurity T w0 10 L
5 201 Impurity
<] 2
» \
07 100 2.00 300 2,00 200 6.00 %800 200 | 400 | 600 | 800 | 1000 | 1200 | 1400
100 g Impurity 40 uL
8.39¢7 3.0
Ky 220 \
1.0
N J S — 0.0 e
1.00 2.00 3.00 4.00 5.00 6.00 -0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
d
Dio e/\rzrgg 80 “L
2.06-24 2.674e-2 3.0
2 220
1.06-2
1.0
0.0 T T T T T v T T T T T 1 Time 0.0 AN Time
1.00 2.00 3.00 4.00 5.00 6.00 -0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Figure 2. (A) UPLC/MS of the raw antroquinonol product at 1 mg/mL and (B) LC/UV chromatograms of the raw antroquinonol product

at 20 mg/mL.
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The UPC? method was scaled up to a 19 x 100 mm semi-prep column. Based on the chromatographic behavior

shown in Figure 3A, a focused gradient ranging from 5 to 9 B% was used. The resulting chromatogram is

shown in Figure 3B. The total run time was 8 min, compared to the 20-min run time using RPLC. The maximum

loading was empirically determined to be 600 L. At 20 mg/mL, this represents a 12 mg/injection.

2
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Aliquots of the purified antroquinonol product were analyzed by UPC?/PDA/MS and the results are shown
in Figure 4. The main impurity at m/z 361 was successfully removed, as shown in the corresponding mass
spectrum. The final antroquinonol product has a >39% purity by UV at 270 nm.

100+ 391.26
B
5
"Tos0 ' 100 | 150 ' 200 ' 250 300
8
s9:24 (B) UV 270 nm
5.0e-2
4.0e-2 392.33
33.0e-2
2.0e-2
1.0e-2 181.09
338.30 373.30 |393.38
0.0 182.09 223,24 291.13 327.00 447.34 573.22
X i L 419.33 519.16 593.27
ARBSS RSGRS RASSS ARRRS RARSS naans Ranss naane annne naans naane LU CIIVE oans sy iaas Ranst MRS MRS NAAME MRS MRS MRS AARAS Roast hans Ranns Neant baant Aaaas Measa R (174
0.50 1.00 1.50 2.00 2.50 3.00 150 200 250 300 350 400 450 500 550 600

Figure 4. Purity analysis of the final antroquinonol product by UPCZ with UV and MS detection.

A comparison on the productivity and solvent consumption was summarized in Table 3. Overall, by using
prep SFC to replace prep RPLC, the purification productivity was increased by nine-fold with the following
breakdown: 2.5-fold from the reduced run time and 3.5-fold from the increased sample loading. The organic
solvent use was also reduced by 77%.

Prep . Organic solvent
chromatographic Productivity Solvent consumption €0, use
technique (g/24hn) (L/24 hr) (kg/24 hr)
HPLC 0.25 MeOH 3352 N/A
SFC 2.25 MeOH/IPA 7.70 105
Table 3. Comparison on productivity and solvent consumption of two purification approaches.
Improving Productivity in Purifying Antroguinonol Using UltraPerformance Convergence Chromatography (UPC?) 25
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CONCLUSIONS

Two different chromatographic approaches to purify a raw
antroquinonol product to the desired 99% purity have been
demonstrated. In the HPLC approach, the critical pair of
antroquinonol and its demethoxylated derivative resulted

in a limited resolution; hence, limited mass loading in prep
chromatography and limited purification productivity. The same
critical pair was better separated, and had a more favorable

elution order versus RPLC, using Waters UPC? and Prep 100q SFC
technologies, allowing for an increased mass loading in prep SFC
when the analytical UPC? method was scaled up. Overall, the prep
SFC approach offered a nine-fold improvement in productivity and
reduced the organic solvent use by 77% compared to the prep HPLC
approach. The supercritical fluid-based techniques, UPC? and prep
SFC, augment the conventional toolbox for natural product research
by offering complementary selectivity to RPLC, and enable
laboratories and manufacturers in pharmaceutical, traditional
medicine, nutraceutical, and dietary supplement industries with
more efficient and more cost-effective natural product purification.

Woaters
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INTRODUCTION

Chemical stability is one of the most important
issues that impacts the quality and safety of
a pharmaceutical product. The FDA and ICH
require stability testing data to understand
how the quality of an API or a drug product
changes with time under the influence of
environmental factors such as heat, light,

and humidity."? Knowing the stability
characteristics of a pharmaceutical allows

for the establishment of storage conditions
and shelf life, the selection of proper
formulations and protective packaging,

and is required for regulatory documentation.

Forced degradation, or stress testing, is similar
to stability testing but carried out under harsher
conditions than those used for accelerated
testing. Forced degradation is generally
performed early in the drug development
process and is the main tool used to predict
stability related properties, to understand
degradation products and pathways and to
develop stability indicating methods 3

Figure 1. The ACQUITY UPLC® System
with the SQ Mass Spectrometer.

Home

The most common analytical technigue for monitoring forced degradation
experiments is HPLC with UV and/or MS detection, allowing for peak purity,
mass balance, and identification of degradation products. These methodologies
are often time consuming and of medium resolution, requiring analysis times of
30 minutes or more* to ensure that all of the degradation products are accurately
detected. The use of UltraPerformance LC® (UPLC®)/UV/MS allows for faster and
higher peak capacity separations, which can aid in the analysis and identification
of degradation products and shorten the time required to develop stability
indicating methods. The purpose of this application note is to demonstrate

the advantages of resolution and sensitivity that UPLC brings to forced
degradation studies.

RESULTS AND DISCUSSION

Simvastatin standard

A standard solution of simvastatin was injected at a concentration of

0.1 mg/mL as a control (Figure 2). The major peaks were identified and
confirmed by orthogonal acceleration time-of-flight (0a-TOF) MS to be the
commonly observed impurities often found in simvastatin. This chromatographic
data is the baseline that will be used to evaluate results of stress testing studies.

Simvastatin Standard

PDA at 238 nm - MBF SQTIC Plot

2 Before Degradation
20007

“ Simvastatin Simvastatin
15x“77
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" 100’

0% 500106,

W20 20 30 3 40 48 S0 S 60 6% 0 TR 80 10 20 250 30 3 400 4% 500 550 60 6 100 18 800

s i
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. . Scale Scale
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[DPe———T—
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Figure 2. UPLC/UV/MS analysis shows evidence of impurities present in simvastatin standard.
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EXPERIMENTAL

Forced degradation studies were carried out on simvastatin under
varied conditions of acid/base hydrolysis, thermal degradation,
peroxide oxidation, and photo degradation, with the ultimate goal

of achieving 10 to 20% degradation (loss of API). Additional
degradation products to those normally observed in real time

or accelerated stability testing were generated.

Acid and base hydrolysis and peroxide degradation were

carried out on simvastatin in solution (10 mM ammonium

acetate, pH 4.5) while thermal degradation was performed on

simvastatin solid. Photostability measurements were performed

on both simvastatin solid and in solution. Solution degradation

experiments were carried out at a simvastatin concentration of

1 mg/mL. The degraded samples were diluted to a concentration

of ~0.1 mg/mL (1:10 dilution) prior to injection on the

UPLC/UV/MS system. The data generated was used to monitor

the effects of the stress conditions on the simvastatin.

LC conditions
LC system:

LC data software:

Column:

Column temp.:
Flow rate:
Mobile phase A:
Mobile phase B:

Gradient:

MS conditions
MS system:

lonization mode:

Capillary voltage:

Cone voltage:

Desolvation temp.:

Desolvation gas:
Cone gas:

Source temp.:

Acquisition range:

ACQUITY UPLC
Empower® 2 CDS

ACQUITY UPLC BEH C,4 Column,
2.1 x50 mm, 1.7 pm

45°C

600 pL/min

10 mM ammonium acetate, pH 4.5
Acetonitrile

Linear gradient 25 to 90% B over 7 min

SQ Mass Spectrometer

ESI positive

3200V

20V

350°C

900 L/Hr

50 L/Hr

130°C

100 to 900 m/z (5000 Da/sec)

Acid/base hydrolysis

UPLC/UV/MS analysis of the acid and base hydrolysis of
simvastatin showed it to be extremely sensitive to pH

(Figure 3). Above pH 8, simvastatin rapidly undergoes hydrolysis
to be completely converted to simvastatin acid, which agrees
with previously published work. These studies demonstrated

that hydrolysis of simvastatin in 100 mM hydrochloric acid for

1 hour and 15 mM sodium hydroxide for 45 minutes both
resulted in the desired 10 to 20% loss of the initial API.

60-Minute Acid
SQ TIC Plot Hydrolysis
of Simvastatin

PDA at 238 nm - MBF
Simvastatin 0’

507 "
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Simvastatin Simvastatin
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Figure 3. The example of acid hydrolysis of simvastatin demonstrates the only
major degradation product — simvastatin acid.

Photo degradation

Photostability studies were performed on simvastatin both as

a dry powder and in solution (1 mg/mL in 10 mM ammonium
acetate, pH 4.5). Samples were exposed for 8 hours and

24 hours at the maximum Suntest CPS lamp intensity

(583 and 1750 Watt-Hrs/m2, 320 to 400 nm). In the solid state,
simvastatin was observed to be very stable with little evidence
of degradation (Figure 4).

PDA at 238 nm - MBF 24-Hour Photo
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050, 50010F]

wwwwwwwwwwwwwwwwwwww
Mo 20w 30 40 49 s 50 n 69 7m0 1% am 2w 25 M 3% 40 4% S S0 6w 6H 7M 78 80

SQTIC Plot

Houts inges

Expanded Expanded
Scale Scale
Simvastatin

H Simvastatin

B T TR A M A S N T R Y Y

s s

Figure 4. In the solid state, simvastatin exhibited no degradation under the
photostability conditions evaluated.
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In solution, the simvastatin exhibited significant degradation
after 24 hours, and a unique profile of degradation products was

observed (Figure 5).
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Figure 5. Simvastatin solution demonstrated significant photodegradation after
24 hours.

Peroxide oxidation

Oxidative degradation is most commonly achieved using
peroxides, metal ions (metal salts), or radical initiators such
as AIBN (autoxidation). This study found than a 7.5% hydrogen
peroxide solution at 55 °C for 45 minutes was sufficient to
degrade the simvastatin by ~15% of intitial concentration
(Figure 6), resulting in many more degradation products than
observed by simple acid or base hydrolysis.

45-Minute
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2007 . . Peroxide
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7l . .
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Figure 6. Peroxide oxidation is harsher than acid/base hydrolysis, resulting
in @ more complex mixture of degradation products.

Thermal degradation

Simvastatin was thermally stressed as a dry powder at 115 °C.
After 60 minutes the starting material was degraded sufficiently
to detect a number of degradation products. Many of the same
degradation products observed from the peroxide oxidation
study were also present in the temperature degradation sample
(Figure 7).
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Temperature
Degradation
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Figure 7. Degradation products obtained from thermal degradation at 115 °C
for 60 minutes.

SUMMARY

The comparison of chromatograms obtained from analysis

of the forced degradation of simvastatin by acid and base
hydrolysis, thermal degradation, peroxide oxidation, and photo
degradation demonstrate the varied degradation product profiles
that result from these various procedures (Figure 8). Although
acid or base hydrolysis yields only simvastatin acid as a
degradation product, other procedures such as photo and thermal
degradation produce much more complicated and unique profiles
of degradation products. The high efficiency separations obtained
with the ACQUITY UPLC Systems allow for the easy analysis of
these complex mixtures.
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Figure 8 also demonstrates the utility of the combined detection ada Raee Temperature | Peroxide Protn
Peak Hydrolysis Hydrosis Degradalion Oaddalion Dagradation
of photodiode array and MS detection. Many of the degradation PRmind Cuy [ms | uv [ Ms [ uv [ s | u¥ [ ms | uv [ ms
products were observed in the MS data channel only as the 1:22
components do not contain chromophores thus are not detected 1,336
. . . 1,926
by UV absorption. For other degradation products, UV detection was —
determined to be more sensitive than MS detection, this is mainly 2116
due to the lack of ionizable groups on the molecules. Table 1 lists zi:
the major degradation peaks observed for each degradation method BAmE
2,397
including which type of detection was able to detect the degradation Py
products. A multi-detector approach is clearly desirable in order to 2388
3107
detect the maximum number of degradation products. o

3449
3.594

3841
3.862

3.970

4,423

5.209

5.254

5,699

6,222

6,322
£.8281
7.257

Table 1. Major degradation product peaks are highlighted (Y% ) in table
with detector and degradation method with which they were observed.
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Figure 8. Overlay of chromatograms from degradation samples visually demonstrates the different degradation product profiles produced by the different
methods of degradation.
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CONCLUSIONS

In this application note, we have demonstrated the ability of an ACQUITY UPLC
System combined with an ACQUITY UPLC PDA and SQ Mass Spectrometer to
separate degradation products in a pharmaceutical product, such as simvastatin.
These high peak capacity separations for complex mixtures of degradation
products result in faster analyses, improve identification of impurity products and
shorten the time required to develop stability indicating methods, improving the
quality and throughput of forced degradation studies.
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Rapid, Simple Impurity Characterization with the Xevo TQ Mass Spectrometer
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INTRODUCTION

The detection and characterization of

impurities and degradation products of an
active pharmaceutical ingredient (API) are
regulatory filing requirements. The detection
and identification of impurities not only ensures
medicine safety but can also be used as a
fingerprint for patent protection and

counterfeit drug analysis.

Impurity characterization and identification

is normally carried out using information-rich
analytical techniques such as NMR and
LC/MS. Analysis by LC/MS provides parent
ion mass from full-scan MS and structural
information from the fragments generated in
MS/MS experiments. With traditional tandem
quadrupole instrumentation, the generation
of this data requires multiple experiments to
obtain MS and MS/MS information.

Modern Linear lon Trap (LIT) mass spectrometers
allow the collection of MS, multiple reaction
monitoring (MRM), and MS/MS data in the
same analytical run, allowing quantitative and
qualitative data to be obtained simultaneously.
However, the duty cycle of these instruments
when switching between MS and MS/MS modes
is typically 2 to 3 seconds. With modern
high-resolution, sub-2-um column particle
chromatography such as UPLC® peak widths

of 2 to 3 seconds are now commonplace.

Home

With these LIT MS systems, this would result in just 1 to 2 points across the peak,
with the peaks either poorly defined or missed completely; thus slower,
lower-resolution LC systems must be used, resulting in reduced throughput

and lower data quality.

The Waters® Xevo® TQ Mass Spectrometer is equipped with a novel collision

cell design that is continuously filled with collision gas, allowing rapid

switching between MS and MS/MS modes. The Xevo TQ MS is capable of operating
at up to 10,000 Da/sec and can correctly define the very sharp peaks produced
by UPLC, with more than 10 points across a 2-second-wide peak, even on a

multi-scan experiment.

This collision cell is capable of enhanced high-sensitivity operation in MS/MS
mode. In this mode of operation, ions are constrained in the final third section
of the collision cell using both DC and RF barriers. These ions are then
ejected from the collision cell, in a controlled manner, from high to low m/z
in synchronization with the scanning of the final resolving quadrupole. This
increases the duty cycle of the instrument, resulting in enhanced sensitivity
that is ideal for the detection and characterization of low-concentration

impurities that may result in toxic effects.

Figure 1. Xevo TQ Mass Spectrometer with the ACQUITY UPLC® System.
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EXPERIMENTAL

To evaluate the performance of this system, the impurities of the

common pharmaceutical drug quetiapine, used to treat biopolar
disorder, was investigated using UPLC/MS/MS.

LC /MS conditions

LC system:

Column:

Column temp.:
Flow rate:
Mobile phase A:
Mobile phase B:
Gradient:

MS system:

lonization mode:

Capillary voltage:

Collision energy:

ACQUITY UPLC

ACQUITY UPLC BEH C,g,
2.1 x50 mm, 1.7 pm

65°C

800 pL/min

20 mM ammonium bicarbonate pH 10
Acetonitrile

15% to 95% B/18 min

Xevo TQ MS

ESI positive ion mode

30V

15V

RESULTS

The unique collision cell design allows the Xevo TQ MS to be
operated in several different modes of operation: full scan

MS, MRM, as well as MS/MS mode. As the collision cell is
continuously filled with collision gas, the instrument can rapidly
switch between MS and MS/MS in the same analytical run. This
allows MRM and MS scans to be performed in the same run.
Combined with the high scan rate, this allows for rapid survey
scans to be performed, such as MS neutral loss or parent ion,
before switching to MS/MS.

This high data-capture rate allows for the accurate definition of
the peak, even with the very narrow peaks produced by UPLC.
Figure 2 shows the UPLC/MS chromatogram produced in the
analysis of an APl batch of quetiapine at a concentration of

1 pg/mL. Here we can see that impurity peaks are 2 to 4 seconds
wide at the base. The data shown in Figure 3 illustrates the
number of scans achieved in MS and MS/MS modes.

Maximizing LC peak definition

In this example, the Xevo TQ MS was operated in ScanWave™ MS
mode, switching to ScanWave DS (daughter ion scan) mode when
a peak was detected above a user-defined threshold. In this mode
of operation, the instrument selects the most intense peak in

the MS spectrum and acquires MS/MS data on this peak before
returning to MS mode. Since the collision cell is continuous filled
with collision gas, there is a no delay in switching between MS
and MS/MS modes.

100+ 9.81

17.26

0/‘0

T T T
5.00 10.00 15.00 20.00

Figure 2. UPLC/MS analysis of quetiapine at 1 ug/mL.
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We can see from this data that the instrument has acquired 9 points
across the peak in MS mode, and 15 points across the peak in MS/MS
mode — despite the fact that the peak is only 2 seconds wide at the
base. This high data-capture rate enables the Xevo TQ MS to perform
high quality, data-dependent MS-to-MS/MS experiments in a UPLC
timeframe with sufficient data points to accurately define the peak.
This dual mode of operation can also be used to acquire full-scan
MS data simultaneously with MRM data, or to detect a peak with
precursor ion scanning before switching to MS/MS mode.

Precursor ion scanning

The detection of new impurities, degradation products, or, in a
DMPK study, drug metabolites, is often confounded by the signal
from the matrix. To detect and visualize these analytes, the
analytical chemist can use the specificity of the mass spectrometer.

Since compounds can undergo fragmentation as a result of the
degradation or metabolism process, the use of simple, predicted
MRM transitions for common degradation/metabolism pathways
may result in the non-detection of a potentially toxic impurity,
degradation product, or metabolite. A more comprehensive way
to detect these compounds is to monitor for the common fragment
ions of the molecule of interest. The Xevo TQ MS’s Survey Scan
functionality utilizes the fast data-capture rate of the instrument
to facilitate the collection of precursor ion data as well an MS/MS
spectrum of the peaks detected.

This functionality was used to evaluate a commercially-purchased
APl sample of quetiapine. The MS/MS spectra of quetiapine
revealed that it gave rise to three major product ions having

m/z values 221, 253, and 279. This data was used to detect
drug-related impurities in the APl batch by performing a

Survey Scan analysis on each of these ions.

The data collected for the parent ion chromatogram of m/z 279

is displayed in Figure 4. Here, we can see the presence of seven
major peaks, six impurities and the quetiapine active peak, eluting
with a retention time of 9.86 minutes. A similar analysis using the
common fragment ion m/z 221 to trigger data collection produced
the chromatogram shown in Figure 5. With this fragment ion, a total
of 12 peaks were detected and MS/MS data acquired.

100- 17,57 100 - 17.58

MS MS/MS

17.49

Scan

2870 | 2880 ' 2890 ' 2900 | 2910 |

Figure 3. Rapid data collection is performed simultaneously in both MS and
MS/MS modes.
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Figure 4. Survey Scan UPLC/MS analysis of quetiapine for ion m/z 279 in
positive ion mode.
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Figure 5. Survey Scan UPLC/MS analysis of quetiapine for ion m/z 221
in positive ion mode.
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The MS/MS spectra obtained from the peak eluting with a retention o
time of 5.6 minutes is displayed in Figure 6. This impurity has
a m/z value of 400 amu and has been identified as the S-Oxide
impurity of quetiapine.

221

ScanWave Technology

%

The detection of low-level impurities is becoming increasingly

important, especially when monitoring potential genotoxins.

Collection of the MS/MS spectrum from Survey Scan experiments, Rl 2
222 279
either precursor ion or common neutral loss, can be performed in 158 T 1239‘ 253
two modes of operation: standard MS/MS or ScanWave MS/MS. PRARRREN 15‘2,1 NSRS “25‘01 T e

As described previously, ScanWave Technology allows for ] ) o )
Figure 6. AutoScanWave MS/MS spectrum of S-Oxide of quetiapine eluting

increased sensitivity in the collection of MS/MS data. This increase at 5.6 minutes.

in sensitivity is illustrated by the MS spectra obtained for the

desthanol impurity of quetiapine (Figure 7). The top spectrum is

obtained in standard MS/MS mode, while the lower spectrum is 100+ 21
obtained in ScanWave MS/MS mode. In this example, we can see
that the ScanWave MS/MS data is 13 times more sensitive than that
in standard MS/MS mode. This increase is essential for the correct

confirmation or identification of low-level impurities.
221

%

247

176 L 222 279
158 1 239| 253 l
P DY S A Y ‘LH ‘1( P I - .
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Figure 7. Comparison of standard and ScanWave MS/MS sensitivity.
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CONCLUSIONS

m The Xevo TQ MS provides unrivaled levels of sensitivity and functionality.

m The high data-capture rates of the instrument, and its unigue collision cell
design and ScanWave Technology, allows the maximum amount of data
to be collected in one analytical run.

m This reduces the number of experiments needed to make a decision,
allowing impurities to be detected and identified quicker, and making
maximum use of instrumentation.

B The rapid switching between MS and MS/MS possible with the Xevo TQ MS
allows the collection of qualitative data and quantitative data in the same
analytical run.

m The instrument’s high data-capture rate ensures that, even with the narrow
peaks of 2 to 3 seconds produced by today’s modern sub-2-um particle LC
systems, sufficient points can be collected across for accurate quantification.

m The use of ScanWave Technology ensures that even the lowest-level peaks
are detected and MS/MS spectra acquired, ensuring comprehensive
impurity detection.
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A Stress Testing Study of Glimepiride Drug Substance

Utilizing UPLC/MS Methodology
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Waters Corporation, Milford, MA, USA

INTRODUCTION

Forced degradation or stress testing studies are
done to identify likely degradation products and
to help establish the degradation pathways and
intrinsic stability of a drug molecule. They are
also performed to demonstrate specificity

for development and validation of stability-
indicating analytical methods.

Forced degradation studies may be used

later in development to distinguish between
degradation products in formulations that are
related to a drug substance, and those that are
related to non-drug substances or excipients.

The ability to improve and streamline the
analytical procedures used to identify potential
impurities is important to goals of providing
safe medicines to the marketplace faster.

One of the challenges with forced degradation
studies is that there are no definitive procedures
describing how the testing should be performed.
In addition, the analytical methods used to
monitor forced degradation studies must be
sufficiently specific and sensitive to ensure
detection of all of the potential impurities.

In this application, a forced degradation study
will be performed for the drug substance
glimepiride. Waters UltraPerformance LC®
(UPLC®) Technology and the Empower® 2
Software chromatography data system facilitate
the analysis of the degradation behavior of drug
substances during stress testing.

Home

The sensitivity and chromatographic efficiency of UPLC enables the detection
of even very low levels of degradants. The enhanced resolution of UPLC and
specificity of MS detection ensures that all impurities are detected, achieving
a comprehensive evaluation of the forced degradation of glimepiride.

wCH3
s 1)
/ﬂ\ /\/©/\NH NH
HaC” Il E{ NH

HsC . =
Glimepiride:

Cp4H34N,05S
Figure 1. Structure and formula
weight of glimepiride.

Formula Weight: 490.615

RESULTS AND DISCUSSION

System suitability was determined by calculating the percent relative standard
deviation (RSD) for area and retention time for five replicate injections of the
125 pg/mL glimepiride standard. The area %RSD was calculated to be 0.9%
and the retention time %RSD was calculated to be 0.0%.

Determination of the linearity of the UPLC method was required to accurately
quantitate the rate of decomposition of glimepiride. Five standards of separate
concentrations 25, 50, 100, 125, and 250 pg/mL glimepiride in methanol
were prepared. A calibration curve was created using the five standard solutions
injected in triplicate. The resulting correlation coefficient was calculated

to be R? = 0.99982 (Figure 2).

Figure 2. Calibration curve of glimepiride for the range of concentration
25 pg/ml to 250 pg/ml.
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EXPERIMENTAL

Accelerated degradation of glimepiride was carried out under Separate blanks were also prepared for each degradation medium
acid, alkaline, oxidative, and elevated temperature conditions. by adding 2 mL of reagent medium with 2 mL of methanol

An accurate weighing of glimepiride reference standard was (diluent) resulting in a total of eight separate reaction vials. The
dissolved to yield a stock solution of 500 pg/mL glimepiride eight reaction vessels were tightly closed with Teflon-lined caps
in methanol. Preparations of 0.5 N HCL, 0.5 N NaOH, and and placed in a heating oven monitored with a thermacouple

4% hydrogen peroxide were used as the separate reagent to maintain a temperature of 90 + 30 °C. Aliquots of 200 pL
mediums for the degradation procedure. were taken at time points 0, 30, 60, 90, 120, and 180 minutes

and diluted in 200 pL of methanol to yield a resulting working
Two milliliters of glimepiride stock solution were pipetted to each . e . )
glimepiride solution of 125 ug/mL for analysis.
of four 5-mL reaction vessels. Two milliliters of each reagent
medium was pipetted separately to each respectively-labeled
reaction vessel — 0.5N HCL + glimepiride stock, 0.5N NaOH +
glimepiride stock, and 4% H,0, + glimepride stock — to yield
final concentrations of glimepiride in solution to 250 pg/mL. Two
milliliters of methanol was added to the fourth reaction vessel to
yield a concentration of 250 pg/mL glimepiride in methanol. The

fourth reaction vessel was used for thermal degradation at 90 °C.

LC conditions

LC system: ACQUITY UPLC®
Column: ACQUITY UPLC BEH C,g,
2.1 x50 mm, 1.7 ym
Column temp.: 30°C
Flow rate: 800 yL/min
Mobile phase A: 20 mM ammon. formate, pH 3.0
Mobile phase B: Acetonitrile
Gradient: 5 to 95% B/5 min

MS conditions

MS system: ACQUITY® SQD
with the SQ Detector

lonization mode: ESI Positive
Capillary voltage: 3200V
Cone voltage: 20V
Desolvation temp.: 500°C
Desolvation gas: 1200 L/Hr
Source temp.: 150 °C

Acquisition range: 100 to 600 m/z
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Kinetic behavior

Empower 2 was used to facilitate the quantitation
of glimepiride decomposition. The rate of
decomposition was determined by measuring the
decrease in the amount of glimepiride over the
sampling period. The kinetic slopes are shown in
Figure 3 whereas the log% remaining was plotted

versus time.

Each of the degradation mediums — acidic, alkaline,
oxidative, and thermal — exhibited a linear kinetic
behavior. The R? values were in the range of 0.93 to
0.99. It was expected that some experimental error
was to occur due to evaporation, given the volatile
nature of the methanol diluent used to dissolve the
glimepiride at the elevated temperature of 90 °C.

The average rate of change was calculated and
determined from the slope of the kinetic curves in
Figure 3. The values were: 1.1 x 103 min"! for acidic
medium, 1.2 x 103 min-1 for oxidative medium,
2.9 x 103 min™ for thermal effects in methanol
diluent, and 4.3 x 10 min"' for alkaline medium.

To best describe the effects of each degradation
medium, the effects can be categorized in increasing
susceptibility as acidic < oxidative < thermal <
alkaline in the review window of Empower 2.

Chromatographic characteristics

Low level impurities were easily detected and
identified using the ACQUITY UPLC System and the
SQ Detector, for single quadrupole MS detection,
with Empower 2. Chromatograms generated from
sampling the different degradation conditions
were easily compared using Empower 2 (Figure 4).
The major peaks were labeled A through F in the
four chromatograms generated from the different
degradation conditions.

Kinetic Curve of Glimepiride Decomposition
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Figure 3. Kinetic curves of the decomposition of glimepiride.
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Figure 4. UPLC chromatograms showing the decomposition of glimepiride. The MS spectra (right)
were used to identify and confirm recurring degradants between degradation conditions. Each of
the representative chromatograms were taken from time point of 90 minutes.
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The alkaline degradation produced the largest number of peaks
with the major peaks labeled A, C, E, and F at retention times
1.55 min, 1.92 min, 2.31 min, and 2.40 min, respectively. The
oxidative degradation yielded a large number of peaks, however
the peaks were quite small and indicative of the slower rate of
decomposition of glimepiride in the oxidizing environment.

Two peaks, B and D at 1.84 min and 2.10 min, were at significant
levels. The acidic conditions also yielded peaks B and D as
confirmed by the mass spectra. The observed m/z for peak D in the
chromatograms representing the acidic, oxidative, and thermal
degradation conditions was determined to be 410.1 Daltons. Peak
B exhibited different m/z values at various scans across the peak.
The major observed masses were 353, 390, and 561. Overlaid
extracted MS scans of the masses indicated that a co-elution may
be present within peak B.

Extracted chromatograms of the observed spectral masses of
352.1 Daand 390.1 Da eluted at a retention time of 2.082 min
and mass 561.1 Da eluted at 2.088 min. Integration of the peak
at various cross-sections resulted in mass spectral data in which
it was apparent that there was a co-elution. The mass spectra for
the first integrated segment gave a base peak of 352.1 Da with
the second largest intensity peak at 390.1 Da. The integrated tail
end of the peak gave a base peak mass of 390.1 Da with a second
largest intensity m/z at 561.1 Da.

The initial assumption of an adduct was negated due to the
decrease of intensity of the 352.1 spectral trace and increased
mass spectral intensity of the 390.1 spectral trace. The spectra
exhibiting 561.1 Da is unknown at this time (Figure 5).
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Figure 5. MS-integrated trace of Peak B. The MS spectra identifies the likelihood
of co-eluting peaks rather than the presence of adduct formation.

DISCUSSION

The use of a generic LC method for forced degradation screening
normally has a benefit of adding speed to the analysis. Differently,
in compound-specific assays, more resolution can be obtained
and confidence increases as separation of all the expected and
unexpected peaks can be achieved.

In this example, UPLC/MS provided the necessary speed for the
analysis with little compromise in resolution of many of the
peaks, with the exception of a possible co-elution under the peak
labeled B. Obviously by utilizing the MS data, much information
was obtained about the masses and purity of any peak in the
chromatogram. We determined that the peak was most likely
related to the active ingredient because Peak B (m/z 352.1) was
an observed product ion fragment of the active pharmaceutical
glimepiride (see the glimepiride spectra in Figure 4).
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CONCLUSIONS

In this application, a generic UPLC method was used to assess degradant peaks
during a stress testing analysis of glimepiride drug substance.

The generic method demonstrated linearity over a large range of concentration
as automatically calculated by Empower 2 CDS. The calibration curve was used to
establish the kinetic behavior of glimepiride when subjected to the various stress
conditions. Using single quadrupole MS spectral data assisted in the evaluation
of peak purity of each major peak of interest.

This stability information will help to determine the appropriate diluents, method
conditions, matrix options, standard and/or sample preparation for future
experiments and will prove useful in the final method development of the drug
product. The use of ACQUITY UPLC coupled to the SQ Detector and data analysis
within Empower 2 decreased analysis time and enabled a workflow that proved
to be more efficient than the traditional manual — and sometimes less
information-rich — approaches that are used today.
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Impurity Isolation and Scale-up from UPLC Methodology:
Analysis of an Unknown Degradant Found in Quetiapine Fumarate
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INTRODUCTION

A company that manufactures drug product or drug substance

has a vested interest in determining the impurities associated
with their compounds. The analysis of impurities can be a very
labor-intensive task involving method development, impurity
synthesis, isolation techniques, and various analytical approaches
to determine the unambiguous identification of the impurity of
interest. The lack of a pure impurity can delay a drug development
program. Techniques concerning procurement of a targeted
impurity are generally based on the project timelines. Impurity
synthesis can be a time-consuming process requiring skilled
synthetic chemists.

However, purification provides a rapid alternative to chemical
synthesis that is appropriately suited to the skill set of an
analytical chemist. The purification of an impurity can help with
the structural elucidation by providing sufficient material for
experiments such as 2D NMR. Also, collection of impurities via
purification leads to reference standards of high purity.

UltraPerformance LC® provides a rapid, high-resolution approach
to impurity identification and profiling. The process of scaling

a UPLC® analytical method to a preparatory method can be a
difficult task. Traditionally, scaling from analytical UPLC to
preparatory HPLC involves calculations that transfer the flow
rate and gradients associated with the original column/particle
dimensions to that of the new column/particle dimensions.!

In this application note, a strategic approach utilizing high-
resolution chromatographic theory and a forced degradation study
was applied to maximize the yield of a targeted impurity of the
drug substance quetiapine fumarate, an antipsychotic drug.

A degradant with m/z 402 was found under acid stress conditions
(0.1 N HCU) and chosen as the primary target for isolation.
Mass-directed purification facilitated this isolation by
fractionation collection of the targeted unknown impurity.

Home

EXPERIMENTAL

In transferring the UPLC method to preparative HPLC, three key factors

for the new working conditions for scale-up must be considered:

m Separation efficiency —L/d, (column length/particle size) is

an indication of the resolving power of the particular column.

For example, a 50-mm column with 1.7-pm particles has an

L/d, of 29,411, which is equivalent to a 150-mm preparative

column with 5-um particles and an L/d; of 30,000.

B Productivity — Can a shorter preparative column be utilized?

In the separation of impurity m/z 402, a 100-mm prep column

could still provide enough column efficiency to adequately

isolate the impurity.

®m Column volumes - If each of the gradient segments is scaled

appropriately to maintain the equivalent number of column

volumes between UPLC and preparative HPLC, the separation

profile will be preserved considering there is no change in

stationary phase composition.

Analytical conditions
LC system: ACQUITY UPLC®
Column: ACQUITY UPLCBEHC,g
2.1 x50 mm, 1.7 pm (optimized)

Column temp.:
Mobile phase A:
Mobile phase B:
Flow rate:

Gradient (Starting):

MS system:
lonization mode:
Capillary voltage:
Cone voltage:
Desolvation temp.:
Desolvation gas:
Source temp.:
Acquisition range:

Ambient

10 mm Ammonium bicarbonate, pH 9.0
Acetonitrile

800 pL/min

See Figure 1

ACQUITY® SQD
ESI positive
1500 V

35V

450°C

900 L/Hr
150°C

50 to 600 m/z
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Preparative conditions

LC/MS system: AutoPurification™ MS

Pump: 2545 Binary Gradient Module
Injector/Collector: 2767 Sample Manager

UV Detector: 2998 Photodiode Array Detector

MS Detector: 3100 Mass Detector

Column: 19 x 100 mm XBridge,™ 5 pm

Solvent A: 10 mm Ammonium bicarbonate, pH 9.0
Solvent B: Acetonitrile

Flow rate: 25 mL/min

Gradient: 5% to 60% B over 10.5 min,

flushed for approx 5 min 95% organic
Data management:  FractionLynx™ Application Manager

for MassLynx™ Software

RESULTS AND DISCUSSION

A forced degradation was performed on the drug substance
quetiapine. During the study, major degradants were formed
for each of the various stress conditions. An impurity profile
utilizing UPLC, optimized to produce maximum resolution with
a 2.1 x 100 mm, 1.7 um ACQUITY UPLC BEH C,; Column, was
used to search for the presence of any degradants (Figure 1).
Each of the major degradants was assessed by its m/z ratio

as reported by the ACQUITY SQD single quadrupole mass
detector. Peaks with masses of particular interest needed to
be isolated and characterized.

UPLC impurity profile method

2.80 Quetiapine

AU

1.40
Major unknown
impurity

N

4.00 8.00 12.00 16.00 20.00
Minutes

Figure 1. Acid hydrolysis results utilizing a highly-specific UPLC impurity profile
that is optimized for maximized resolution, using a 2.1 x 100 mm, 1.7 ym
ACQUITY UPLC BEH C,, Column.

Importance of an efficient impurity