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Introduction

Teriflunomide is a pyrimidine synthesis inhibitor that inhibits the function of specific
immune cells that have been implicated in Multiple Sclerosis (MS). It is related to
Leflunomide, a drug used to treat rheumatoid arthritis. This study for Teriflunomide and
its organic impurities is based on the newly proposed USP monograph where an end-
capped octadecylsilyl silica gel stationary phase is used under gradient conditions.
Because there is no existing USP monograph for this drug substance, a new monograph
based on validated methods of analysis was proposed in PF 48(5). In this technical note,
we report the separation of Teriflunomide and its related organic impurities using a
Kinetex™ 2.6 um C18 column compared to a Ascentis® Express 2.7 um C18 column
originally used in the proposed monograph.

System suitability per USP Monograph for the Teriflunomide Assay requires a tailing
factor no more than (NMT) 2.0 and a percent relative standard deviation (%RSD) of NMT
0.85 % for six replicate injections. System suitability per USP Monograph for the
Teriflunomide Related Organic Impurities requires resolution no less than (NLT) 1.5
between Teriflunomide related Compound B and Leflunomide Related Compound A,
%RSD NMT 5.0 % each for Terflunomide, Teriflunomide Related Compound B, and
Leflunomide Related Compound A, and a Signal-to-Noise (S/N) ratio NLT 10.

According to USP General Chapter <621>, the configuration of the equipment employed
may significantly alter the resolution, retention time, and relative retentions described.
Differences in system dwell volume can have an impact on the results obtained for gradient
methods. Monographs preferably include an isocratic step before the start of the gradient
program so that an adaptation can be made to the gradient time points to take account of
differences in dwell volume between the system used for analytical procedure
development and that actually used for implementation. The system used in this study had
a lower dwell volume (0.45 mL) than described in the monograph (1.1 mL)*, so the time
points stated in the gradient table must be replaced by the adapted time points calculated
using the following equation:
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t. = adapted time point (min)
t = time point indicated in the monograph (min)
D = Dwell volume (mL)
D, = Dwell volume used for development of the method (mL)
F = flow rate (mL/min)

The adapted time points for the Ascentis Express 2.7 pm C18 column would be:

_(0.45-1.1)
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t, = 2.65

Each time point in the gradient would be adjusted by +0.65 minutes and is shown in the
gradient table.

Adjustments to column dimensions for gradient methods will be allowed provided that the
L/dp ratio remains constant or within the range between -25 % to +50 % of the prescribed
L/dp ratio indicated in the monograph. In this monograph, the indicated column length was
150 mm, and the particle size was 2.7 um; therefore, the Kinetex 2.6 um column used here
would be an allowed adjustment. When the particle size is changed, the flow rate requires
adjustment because smaller-particle columns will require higher linear velocities for the
same performance. The flow rate is adjusted for particle size using the following equation:

dc,? x d
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1 D>
F, = flow rate indicated in the monograph (mL/min)
F, = adjusted flow rate (mL/min)
dc, = internal diameter of the column indicated in the monograph (mm)
dc, = internal diameter of the column used (mm)
dp, = particle size indicated in the monograph (um)
dp, = particle size of the column used (um)

*Dbwell volume noted in Ph. Eur. Teriflunomide monograph using the same column and
chromatographic conditions.
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The adjusted flow rate for the Kinetex 2.6 um column would be:

4.62x 2.7

Fy=1lx 2220
2T et x26

F,=1.04

A change in column dimensions, and thus in column volume, impacts the gradient volume
which controls selectivity. Gradients are adjusted to the column volume by changing the
gradient volume in proportion to the column volume. This applies to every gradient
segment volume. The new gradient time for each gradient segment can be calculated using
the following equation:

A (Fl) L, x dcy?
62 = ta ¥ F, * Ly x dc?

t;, = gradient time indicated in the monograph, or adjusted for dwell volume (min)
1, = adjusted gradient time (min)

F, = flow rate indicated in the monograph (mL/min)

F, = adjusted flow rate (mL/min)

L, = column length indicated in the monograph (mm)

L, = new column length (mm)

dc, = internal diameter of the column indicated in the monograph (mm)

dc, = internal diameter of the column used (mm)

For the second gradient segment, the adjusted gradient time would be:

b gesx [ 150 x 4.62
2= 4% \Toz) * \ 150 x4.62
to = 2.55

A gradient adjustment factor can be calculated and used to determine the new gradient
segment times using:

t,
Gradient adjustment factor = (t_cz)

Gl
Gradient adjustment factor = 0.96

The new gradient timetable for the Kinetex 2.6 um C18 column is shown in the gradient
table.

All requirements for System Suitability for Teriflunomide Assay and Organic Impurities were
met by all columns.

All solutions were prepared as indicated in the USP Monograph for Teriflunomide. USP
Teriflunomide RS and USP Teriflunomide Related Compound B RS were unavailable, so
EDQM Teriflunomide CRS (Catalog No. Y0002247) and EDQM Teriflunomide Impurity B CRS
(Catalog No. Y0002254) were substituted and purchased from the European Directorate for
the Quality of Medicines & HealthCare (EDQM) — Council of Europe; Postal address: 7 Allee
Kastner CS 30026 F - 67081 Strasbourg (France). Leflunomide Related Compound A RS
(Catalog No. 1357045) was purchased from USP.

Figure 1. Teriflunomide Structure
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LC Conditions Table 1. Preparation of Solutions
Column: Ascentis® Express 2.7 um C18, 150 x 4.6 mm m
Kinetex™ 2.6 um C18, 150 x 4.6 mm (00F-4462-E0)
Mobile Phase: A: Acetonitrile / Buffer (10:90, v/v) Acetonitrile / Buffer (80:20, v/v)
B: Buffer / Acetonitrile (10:90, v/v) Diluent

Buffer: 3.85 g/L of Ammonium Acetate in Water.

. . . . Adjust with glacial Acetic Acid to a pH of 5.5.
Buffer: 3.85 g/L of Ammonium Acetate in Water. Adjust with _
glacial Acetic Acid to a pH of 5.5. ST Sl 0.2 mg /mL of Teriflunomide CRS in Diluent.

X . (Assay)
Ascentis Express Kinetex
Gradient: Time (min) Adjusted Time (min) Adjusted Time (min) %B Sample Solution _ N Same as Standard Solution.
0 0 0 24 (Assay and Organic Impurities)
2 2.65 2.55 24 Sensitivity Solution
12 12.65 12.18 77 (Organic Impurities) 0.1 pg/mL of Teriflunomide CRS in Diluent.
13 13.65 13.14 24
17 17.65 17 24 Standard Stock Solution A 0.04 mg/mL of USP Leflunomide Related Compound A
Flow Rate: 1.0 mL/min (Ascentis Express) (Organic Impurities) RS in Acetonitrile. Sonicate to dissolve.
L 1.04 mL/min (Kinetex) Standard Stock Solution B 0.04 mg/mL of Teriflunomide Related Compound B
Injection Volume: 5 uL (Organic Impurities) CRS in Acetonitrile. Sonicate to dissolve.
Temperature: 40 °C 0.2 pg/mL each of Teriflunomide CRS, Teriflunomide
Detector: UV @ 249 nm Related Compound B CRS, and 0.02 pg/mL of USP
System: Waters® ACQUITY® H-Class UHPLC Leflunomide Related Compound A RS, prepared as
follows:
Standard Solution Transfer a suitable amount of Teriflunomide CRS to a
(Organic Impurities) suitable volumetric flask. Add Diluent equivalent to 20

% of the flask volume and sonicate to dissolve. Adda
suitable volume of Standard Stock Solution A and
Standard Stock Solution B and dilute with Diluent to

volume.
Figure 2. Standard Solution - Assay
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Figure 3. Standard Solution — Organic Impurities

Ascentis® Express 2.7 um C18, 150 x 4.6 mm Column
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Figure 4. Sensitivity Solution — Organic Impurities

Ascentis® Express 2.7 um C18, 150 x 4.6 mm Column
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Conclusions

The USP General Chapter <621> now allows for adjustment of gradient methods.
However, differences in system dwell volume and column dimensions (L and dp)
must be properly accounted for to ensure performance of the method per the
original monograph. Initial attempts to replicate the proposed USP monograph
method for Teriflunomide using the original column (Ascentis Express 2.7 um
C18) resulted in failure to meet system suitability requirements. After
accounting for the lower dwell volume of the system used in this study by
increasing the isocratic hold time and subsequent gradient time points, system
suitability requirements were met with the original column.

Further adjustments to the flow rate and gradient timetable were required when
using the Kinetex 2.6 um C18 column, with the L/dp ratio for the Kinetex column
well within the allowable adjustment per USP <621>. Comparable results to the
original column were obtained using the Kinetex 2.6 um C18 column,
demonstrating that this column is a suitable alternative for the proposed USP
Teriflunomide monograph for Assay and Organic Impurities. In this technical
note we have illustrated the various adjustments that must be made to
successfully adjust for system differences and column dimensions.
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Kinetex™ Ordering Information

2.6 um Analytical Columns (mm)

Phases

EVO C18
PSC18

Polar C18
Biphenyl
XB-C18

c18

c8

HILIC
Phenyl-Hexyl

F5
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SecurityGuard™

ULTRA Cartridges*
30x4.6 50 x 4.6 75x4.6 100 x 4.6 150 x 4.6 250 x 4.6 3/pk
00A-4725-E0 00B-4725-E0 = 00D-4725-E0 00F-4725-E0 00G-4725-E0 AJ0-9296
00A-4780-E0 00B-4780-E0 = 00D-4780-E0 00F-4780-E0 00G-4780-E0 AJ0-8949
00A-4759-E0 00B-4759-E0 = 00D-4759-E0 00F-4759-E0 = AJ0-9530
= 00B-4622-E0 = 00D-4622-E0 00F-4622-E0 = AJ0-9207
= 00B-4496-E0 00C-4496-E0 00D-4496-E0 00F-4496-E0 = AJ0-8768
00A-4462-E0 00B-4462-E0 00C-4462-E0 00D-4462-E0 00F-4462-E0 = AJ0-8768
= 00B-4497-E0 00C-4497-E0 00D-4497-E0 00F-4497-E0 = AJ0-8770
= 00B-4461-E0 00C-4461-E0 00D-4461-E0 00F-4461-E0 = AJ0-8772
= 00B-4495-E0 00C-4495-E0 00D-4495-E0 00F-4495-E0 = AJ0-8774
00A-4723-E0 00B-4723-E0 = 00D-4723-E0 00F-4723-E0 = AJ0-9320
for 4.6 mm ID

*SecurityGuard ULTRA Cartridges require holder, Part No.: AJ0-9000
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Need a different column size or sample preparation format?
No problem! We have a majority of our available dimensions up on www.phenomenex.com, but if you can’t find what you need right away, our super helpful

Technical Specialists can guide you to the solution via our online chat portal www.phenomenex.com/Chat.
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Mexico
01-800-844-5226
tecnicomx@phenomenex.com

-

The Netherlands
+31 (0)30-2418700
nlinfo@phenomenex.com

-

New Zealand
+64 (0)9-4780951
nzinfo@phenomenex.com

-~

Norway
+47 810 02 005
nordicinfo@phenomenex.com

-

Poland
+48 22 104 21 72
pl-info@phenomenex.com

-

Portugal
: +351 221 450 488
ptinfo@phenomenex.com

-

Singapore
: +65 6559 4364
sginfo@phenomenex.com

-

Slovakia
: +420 272 017 077
sk-info@phenomenex.com

-

Spain
+34 91-413-8613
espinfo@phenomenex.com

o

Sweden
: +46 (0)8 611 6950
nordicinfo@phenomenex.com

-

Switzerland
: +41 (0)61 692 20 20
swissinfo@phenomenex.com

-

Taiwan
: +886 (0) 0801-49-1246
twinfo@phenomenex.com

-

Thailand
: +66 (0) 2 566 0287
thaiinfo@phenomenex.com
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United Kingdom
: +44 (0)1625-501367
ukinfo@phenomenex.com

o

USA
: +1 (310) 212-0555
www.phenomenex.com/chat

-

@ All other countries/regions

Corporate Office USA
t +1(310) 212-0555
www.phenomenex.com/chat

Phenomenex products are available worldwide. For the distributor in your country/region, contact Phenomenex USA, International Department at international@phenomenex.com

Your happiness is our mission. Take
B E - H A P PYA 45 days to try our products. If you
are not happy, we'll make it right.
www.phenomenex.com/behappy

GUARANTEE

Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions, which may be viewed at www.phenomenex.com/phx-terms-and-conditions-of-sale.

Trademarks

Kinetex, SecurityGuard, and BE-HAPPY are trademarks of Phenomenex. Waters and ACQUITY are registered trademarks of Waters Technologies Corporation. Ascentis is a registered trademark of
Merck KGaA, Darmstadt, Germany.

Disclaimer

Comparative separations may not be representative of all applications.

SecurityGuard is patented by Phenomenex. U.S. Patent No. 6,162,362.

CAUTION: this patent only applies to the analytical-sized guard cartridge holder, and does not apply to SemiPrep, PREP, or ULTRA holders, or to any cartridges.

Phenomenex is in no way affiliated with Waters Technologies Corporation or Merck KGaA, Darmstadt, Germany.

FOR RESEARCH USE ONLY. Not for use in clinical diagnostic procedures.
© 2023 Phenomenex, Inc. All rights reserved.
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() phenomenex.

Q Have questions or want more details on implementing this method? We would love to help!
Visit www.phenomenex.com/Chat to get in touch with one of our Technical Specialists


http://www.phenomenex.com/phx-terms-and-conditions-of-sale
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