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Supplementary Material: Synthesis and
Characterization of Process-Related Impurities of
Antidiabetic Drug Linagliptin

Yiwen Huang, Xiaoqing He, Taizhi Wu, and Fuli Zhang
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Figure S1. HPLC chromatogram of crude linagliptin.
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Figure S2. HPLC chromatogram of impurity 2.
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Figure S3. HPLC chromatogram of impurity 3.
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Figure S4. HPLC chromatogram of impurity 4.
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Figure S5. HPLC chromatogram of impurity 5.
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Figure S6. HPLC chromatogram of impurity 6.
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Figure S7. MS spectrogram of impurity 2.
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Figure S8. MS spectrogram of impurity 3.
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Figure S9. MS spectrogram of impurity 4.
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Figure S10. MS spectrogram of impurity 5.
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Figure S11. MS spectrogram of impurity 6.

Elemental Composition Report Page 1
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Number of isotope peaks used for i-FIT = 3
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58 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
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C:1-40 H:1-50 N:1-9 O:1-5
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Impurity C YA019
Q16-0927HR 18 (0.335) AM (Top,2, Ar,5000.0,621.26,1.00); Sm (Mn, 2x3.00); Sb (1,40.00 ); Cm (17:92)
100 664.3019
|
% | 665.2982
|
‘ 666.3091
0\ _ 660.2276 661.2761 6622702 6634722 664.8691
660.0 661.0 662.0 663.0 664.0 665.0 666.0 667.0 668.0 669.0
Minimam: 1.5
Max i mum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula
664.3019  664.3036 =17 2.5 25.5 28.9 C40 H38 N7 03
664.2996 2.3 3.5 21.5 21.9 C35 H3 N9 05

Figure §12. HRMS spectrogram of impurity 2.
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Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5 max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

89 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
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C:1-40 H:1-50 N:1-8 0O:1-5

SIPI

Q-Tof micro

Page 1

13:58:25,30-May-2016

Impurity D YA019
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{
%
621.5458
0 I e e e IR e S E e S e e m/z
620.80 621.00 621.20 621.40 621.60 621.80 622.00
Minimum: -1.5
Max i mum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
621.2599  621.2614 -1.5 2.4 255 oA 038 H33 N6 03
621.2574 2.5 4.0 21,5 n/a 033 H33 N8 05
Figure S13. HRMS spectrogram of impurity 3.
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Elemental Composition Report Page 1
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Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

116 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:165 H:165 N:1-16 O:1-6
SIPI Q-Tof micro 16:02:51,30-May-2016
Impurity B YA019
Q16-0925HR 4 (0.075) AM (Top,2, Ar,5000.0,1069.43,1.00); Sm (Mn, 2x3.00); Sb (1,40.00 ); Cm (4:22) TOF MS ES+
2.26e+001
100, 1075.4800
|
%
. ! 1075.7792 1076.1666 ‘ s
1074.50 1075.00 1075.50 1076.00 1076.50 1077.00
Minimum: =1.5
Max i mum: 5.0 5.0 50.0
Mass Calc. Mass mDa PPM DBE i=FIT Formula
1075.4800 1075.4803 -0.3 =0.8 37.5 n/a C58 H59 NI6 06
1075.4844 -4.4 -4.1 41.5 n/a C63 H59 N14 04

Figure S14. HRMS spectrogram of impurity 4.
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

94 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:1-40 H:1-55 N:1-7 0:1-3

SIPI Q-Tof micro 15:32:17,30-May-2016

Impurity A YA019

Q16-0926HR 55 (1.021) AM (Top,2, Ar,5000.0,432.14,1.00); Sm (Mn, 2x3.00); Sb (1,40.00 ); Cm (22:60) TOF MS ES+

1.94e+004
100, 434.1937
|
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vvvv B 434.3951 i
T P . : o miz
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Mass Calc. Mass mDa PPM DBE i-FIT Formula

434.1937  434.1941 -0.4 -0.9 14.5 n/a C22 H24 N7 03

Figure S15. HRMS spectrogram of impurity 5.

Qualitative Compound Report

Data File 20160620-002.d Sample Name impurity E
Sample Type Sample Position Vial 71
Instrument Name Instrument 1 User Name

Acq Method IRM Calibration Status

DA Method MS.m Comment N20160620017

Compound Table

Diff |
Compound Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 1: C15 H20 N6 02 0.31 316.1641| 135441 C15 H20 N6 02 316.1648 -2.07]
Compound Label RT Algorithm Mass
Cpd 1: C15 H20 N6 02 0.31 Find By Formula 316.1641

MS Zoomed Spectrum

%10 5 |Cpd 1: C15 H20 N6 O2: +ESI Scan (0.31 min) Frag=120.0V 20160620-002.d Subtract
14

317.1714

12 (M) =

1
038
06
0.4 |

0.2

0 I
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Counts vs. Mass-to-Charge (m/z)

MS Spectrum Peak List
[m/z [Calc m/z [Diff(ppm) [Abund [Formula [Ton |
[ 3171714 317.1721] 2.06] 135441[C15 H21 N6 02 [(M+H)+ |

--- End Of Report ---

Figure S16. HRMS spectrogram of impurity 6.
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Figure S17. IR spectrogram of impurity 2.
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Figure S18. IR spectrogram of impurity 3.
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Figure S19. IR spectrogram of impurity 4.

100
95

90

85

80

12

1069.0

75

70

13636
" ihea 7
4571
4
Y v

1397.3
1225.1

A
D:\data\N20160524015.SPA
disk:KBr

NICOLET 670 FT-IR

Tue May 31 17:28:07 2016

65

1447.9

60

| 14892
597.1

|

|

}
7635

55

50

45

%Transmittance

1540.4

40

35

3364.2
15812

30

25

nN
o
|
1Lm &
|
|
|

1652.2
1618.7

4000 3000 2000 1500 1000 500
Wavenumbers (cm-1)

Figure S20. IR spectrogram of impurity 5.
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Figure S22. 'H-NMR spectrogram of impurity 2.
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Figure S23. 'TH-NMR spectrogram with D20 added of impurity 2.
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Figure S24. '"H-NMR spectrogram of impurity 3.
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Figure S25. 'TH-NMR spectrogram with D20 added of impurity 3.
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Figure 526. 'H-NMR spectrogram of impurity 4.
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Figure S27. '"H-NMR spectrogram with D20 added of impurity 4.
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Figure S28. 'H-NMR spectrogram of impurity 5.
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Figure S30. 'H-NMR spectrogram of impurity 6.
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Figure S31. 'H-NMR spectrogram with D20 added of impurity 6.
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Figure S32. *C-NMR spectrogram of impurity 2.
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Figure S34. *C-NMR spectrogram of impurity 3.



Molecules 2016, 21, 1041; d0i:10.3390/molecules21081041

5

5398
5043
-546.11(3
46.01
~3592
/2991
T0.56
235
2201

impurity 3

L

S21 of S24

3.56

2500

2000

1500

- 1000

=500

F—1000

F—1500

130

T T T T T T T T T
oo 0 G0 40 30
F1 {nomd

Figure S35. DEPT of impurity 3.
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Figure S37. DEPT of impurity 4.
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Figure S38. 3*C-NMR spectrogram of impurity 5.
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Figure S39. DEPT of impurity 5.
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Figure 540. *C-NMR spectrogram of impurity 6.
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Figure S41. DEPT of impurity 6.



