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Determination of S-enantiomer in linagliptin by supercritical

fluid chromatography-ultraviolet detection
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(1. School of Pharmacy, Fudan University, Shanghai 201203, China; 2. Shanghai Institute for Drug Control,
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Abstract: A supercritical fluid chromatography (SFC) method coupled with UV detection was
developed for the separation of linagliptin and its S-enantiomer. The method was validated and
successfully applied to detect the S-enantiomer in real pharmaceutical samples. The separation of
the enantiomer was investigated using six different chromatographic columns, and different co-
solvents were studied. Chromatographic conditions, including column temperature, backpressure,
and flow rate, were optimized. The DAICEL CHIRALPAK AD-H column (250 mmx4.6 mm, 5 pm)
was used for separation. Supercritical CO, served as mobile phase A, and ethanol-isopropanol
(1:1, volume ratio) containing 0.25% diethanolamine and 0.25% trifluoroacetic acid was used as
mobile phase B. Isocratic elution was carried out at a ratio of A:B=73:27 (volume ratio) with a flow
rate of 1.5 mL/min. The column temperature was set at 40 C, back pressure at 15 MPa, injection
volume at 6 pL, and detection wavelength at 220 nm. Under these conditions, linagliptin and its

S-enantiomer were separated with a resolution of 3.1 and good peak shapes. Both linagliptin and
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its S-enantiomer exhibited good linearity in the concentration range of 2-90 ng/mL, with correlation
coefficients of 0.999 7 and 0.999 9 (n=8), respectively. The limit of detection (LOD) for both was
0.8 wg/mL (S/N=3), and the limit of quantification (LOQ) for both was 2 pg/mL (S/N=10). The
average recoveries of the S-enantiomer spiked at low, medium, and high concentrations in active
pharmaceutical ingredients and tablets were 97.4% (RSD=1.1%, n=9) and 101.6% (RSD=1.2%, n=9),
respectively. S-Enantiomer was not detected in three batches of active pharmaceutical ingredients
or in three batches of tablets from two different manufacturers. This study represents the first
application of SFC for the separation of linagliptin and its S-enantiomer. The method is environ-
mentally friendly, sensitive, and highly efficient, offering good repeatability of peak area. It provides
a solid foundation for the quality control of linagliptin and the inclusion of the SFC method in
pharmaceutical quality standards, while also offering a useful approach for the rapid separation and
impurity control of other chiral drugs.
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Fig.1 Structural formulas of linagliptin and its S-
enantiomer
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Fig.2 Chromatograms of linagliptin and its S-enantiomer on six different columns

By A v SR RTES 0 R A B 2 S S e X A
PEVA T R AN RE . ARSI R T 0.1%
TR CHRE- SR (L L AR ) W TR
(% 0.1% —ZHEM 0.1% = L) W -G (101,
R B (5 0.1% — B 0.1% = LR) .4
BE- G (L1 R B (5 0.1% Z Z M A 0.1%
SRR WL R B W (A 0.1%
TR 01% SRR OBE-SREE(L: L R FR
PO (5 0.1% - HEF 0.1% — 9 LR ) 5 AR
Bl 700 6 F A B0 7T B e S-%oF A 43 5 () 52 W), 45

ULE 3. SRA 0.1% 2 i F B Wil RS ST 2
HS-xf i A S B Ay B (R TE B E . R & -5
PIEE (L 1 AR (% 0.1% 2 A 0.1% —
TR ) B R M BT R HE X AR o S L.
BRI OB - N EE (L 1 AR B ) R (5 0.1% ~
0.25% — Z JEF1 0.1% ~ 0.25% = 98 2 12 ) i B i 7
B, RIS T S S-XF BAR (1 43 B 1 L . B — &
Jie =98 SRR I L T e, RIAR BT S-XF
A F 43 5 5 388 0, o 7 (AR v, PR BR RS R4 L 25

B 75 AT W LU RN P B MR IO DL, VR O - T B
(11, ARBUHO) R (5 0.25% — 2T 0.25% — 98
LR ) B
2.3 WEhHELLBIRIERE

ZEHIG A CO, ML FE- N B (1 1, IR B L)
TR (& 0.25% — Z M il 0.25% =98 & 1R ) R T I
(78:22.75:25.73:27.72:28.70:30.65:35) % F| #%
GNTT B He S-XF A oy B (g, 25 SR LR 4. BEE
I F CO, R R L I B AIK, FIAS 51TT 2 L S-Xf e {4
P B IS 18] 48 8, 53 15 B AT, B AR B L K ey 1) 0 TS
A% W T, R R B 256 75 TR IR BRI ] R4y
B EPEEIG R CO,-L M-S (1 1, KB )
(5 0.25% MR 0.25% =R L) IR AL
73:27.
24 HERAERE

R I R A Y R R R AR A R AR
b B2 52w i R G U R e D RS Y O] B AT
gl WESE BT 30 ~ 45 CHEIR R AR ST M
HS-XF MR B UL, S5 R LR 5. BEE FEIR I



R A <RI S AR (3 - 5 SIS DN 3 0 R S TT o 1 ST R A

© 679 -

AAU

16

20

Time/min

Time/min

Time/min

AAU

— T T T T T T T T T T

Time/min

8 12 16 4

Time/min

Time/min

B3 AEBAFIFEIITRE S-3BE S B RN

Fig. 3 Effect of different cosolvents on the separation effects of linagliptin and its S-enantiomer

a. 0.1% diethanolamine methanol; b. methanol-isopropanol (1: 1, volume ratio) containing 0.1% diethanolamine and 0.1% trifluoroace-

tic acid; c. methanol-acetonitrile (1:

1, volume ratio) containing 0.1% diethanolamine and 0.1% trifluoroacetic acid; d. ethanol-

acetonitrile (1: 1, volume ratio) containing 0.1% diethanolamine and 0.1% trifluoroacetic acid; e. methanol-ethanol (1: 1, volume ratio)

containing 0.1% diethanolamine and 0.1% trifluoroacetic acid; f. ethanol-isopropanol (1:1, volume ratio) containing 0.1% diethanolamine

and 0.1% trifluoroacetic acid.
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Fig. 4 Chromatograms of linagliptin and its S-enantiomer
with different mobile phase ratios

Mobile phase A: supercritical CO,; mobile phase B: ethanol-
isopropanol (1: 1, volume ratio) containing 0.25% diethanol-

amine and 0.25% trifluoroacetic acid.
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Fig.5 Chromatograms of linagliptin and its S-enantiomer
at different column temperatures
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