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Study on related substances of TSD-1 — a novel P2Y,
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Abstract: For quantitative analysis of related substances in TSD-1 active pharmaceutical ingredient, struc-
tures of prepared impurities were confirmed by NMR and UHPLC-MS, and a high performance liquid chromato-
graphic method was established to determine the related substances in TSD-1. The analytical column was an
Agilent ZORBAX Eclipe XDB-C8 (250 mm x 4.6 mm, 5 um). The mobile phase A was 50 mmol-L™ ammonium
acetate solution (adjusted pH to 5.8 with acetic acid) and the mobile phase B was acetonitrile. The whole run was
carried out by gradient elution at a flow rate of 1.0 mL-min™. The detection wavelength was set at 240 nm and the
column temperature was 30 °C. The resolutions among peaks of TSD-1, impurity A, impurity B, TSD-D, and
TSD-F were good. The calibration curves (n = 7) of TSD-1, impurity A, impurity B, TSD-D and TSD-F were linear
in their respective weight ranges of 0.242-48.4 ug-mL™ (r = 1.000 0), 0.244-9.75 ug-mL™ (r = 0.999 9), 0.244~
4.80 pug-mL™* (r = 0.999 9), 0.254-1.02 ug-mL™ (r = 0.999 9), and 0.247-0.987 pug-mL™ (r = 0.999 9). The lower
limits of quantitation were 0.244, 0.244, 0.254, and 0.247 ug-mL™ for impurity A, impurity B, TSD-D, and TSD-F,
respectively, and the average recovery of each impurity ranged from 99.08% to 103.00% with high accuracy.
TSD-D and TSD-F were not detected in the three batches of TSD-1 active pharmaceutical ingredients, and impurity
A and impurity B were not detected beyond the limit. The established HPLC method is simple, accurate, and
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suitable for determination of related substances of TSD-1, which can provide a valuable reference for the subse-

quent development of TSD-1.

Key words: antiplatelet agent; P2Y,, receptor antagonist; related substance; structure identification; high

performance liquid chromatography
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Figure 1 The structure of TSD-1
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R ENAH A= Zh 4 B (75:25) & BB, #2241, B hn
PRBE IR A R

ROGEHVERIN R EFRITSD-1 24 J 44
Z KT R O B, IR B A A-TR B A B (751 25) Vi iR
I BE, ) SCBE 1 mL H  TSD-1. 4% 5 AL 44 T B,

TSD-D #1 TSD-F 43 %l 4 500.0.5.0.5.0.5.0 £1 5.0 pg (]
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TNo ZEHF I, TSD-17£0.242~48.4 pg-mL™* 4% it A7E
0.244~9.75 pg-mL™. 2% i B7F 0.244~4.80 ug-mL . TSD-
D#£0.254~1.02 pg-mL ™. TSD-F7£ 0.247~0.987 pg-mL*
WEE N S A 2 REFIA R &R #HE A B0l
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Table 1 The information of TSD-1 related substances. TSD-D and TSD-F: Intermediates

Impurity Chemical structure Formula

'H NMR, ®*C NMR, HR-MS

7 R OCH,

Impurity A 0; :C"CD&

C,,H,,D,CINO,PS *H NMR (400 MHz, CD,0D) 6 7.68 (1H, d), 7.64-7.58 (2H, m), 7.52 (1H, 1), 6.30
(1H,'s), 5.84 (1H, s), 4.27 (1H, m), 4.09-4.06 (1H, m), 3.85-3.84 (1H, m), 3.71
(3H, s), 3.69 (1H, s), 3.13 (2H, m). *C NMR (100 MHz, DMSO-d,) § 170.90,

149.97, 134.18, 134.04, 130.77, 130.76, 130.33, 130.15, 127.96, 124.91, 112.81,
67.79, 55.71, 51.72, 50.03, 47.90, 25.22. HR-MS (ESI): m/z 435.060 2 [M+H]".

Impurity B 0,._0OCD;

g
RGPl
cl s

C,,H,,D.CINO,PS *H NMR (400 MHz, CD,0OD) 6 7.83-7.80 (1H, m), 7.71-7.69 (1H, m), 7.66-7.62
(1H, m), 7.57-7.53 (1H, m), 6.26 (1H, dd), 6.08 (1H, s), 4.47 (2H, q), 4.31-4.24
(1H, m), 4.12-4.06 (1H, m), 3.63 (3H, d), 3.46 (3H, s), 3.21-3.16 (2H, m).

C NMR (100 MHz, CD,0D) 4 166.16, 156.96, 137.15, 133.39, 132.36, 131.32,
128.08, 123.96, 122.81, 118.90, 109.33, 68.41, 59.46, 58.71, 52.56, 47.83, 45.43,
20.40. HR-MS (ESI): m/z 449.077 0 [M+H]".

TSD-D D00, 4

CL QL

C,.H,D,CINO.S

'H NMR (400 MHz, CDCL,) 4 8.24 (2H, d), 8.00 (2H, d), 7.32-7.21 (3H, m),
7.19-7.15 (1H, m), 6.31 (1H, s). ®C NMR (100 MHz, CDCL,) § 166.94, 150.70,
142.12, 133.88, 131.47, 130.41, 130.04, 129.76, 129.36, 127.51, 124.18, 76.59,

52.65. HR-MS (ESI): m/z 389.030 4 [M+H]".

TSD-F Dyco. .0

C,H,;D,CINO,S

16 1373

'H NMR (400 MHz, CDCL,) 6 7.54-7.51 (1H, m), 7.44-7.42 (1H, m), 7.31-7.27
(2H, m), 6.02 (1H, s), 4.90 (1H, s), 4.18-4.14 (1H, m), 3.92 (1H, d), 3.25 (1H, d),
3.02 (1H, d), 2.60 (1H, 1), 2.37-2.32 (1H, m), 1.91-1.85 (1H, m). *C NMR

(100 MHz, CDCL,) § 198.62, 170.82, 167.25, 134.80, 132.88, 130.05, 129.78,
129.75, 127.19, 126.77, 67.28, 51.76, 51.64, 51.07, 49.65, 33.85. HR-MS (ESI):
m/z 341.077 6 [M+H]".
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Figure 2 HPLC chromatograms of TSD-1 under normal, acid, thermal, photolytic, oxidative, alkaline conditions. TSD-D (retention time:

26.663 min): Undetected
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Table 2 Linear regression equation, limit of detection (LOD) and limit of quantification (LOQ) of TSD-1, impurity A, impurity B, TSD-D

and TSD-F
Compound Linear range/ug-mL™* Linear equation Related coefficient LOD/pg-mL™* LOQ/ug-mL™
TSD-1 0.242-48.4 y=39.113x + 0.435 1 1.000 0 0.0725 0.242
Impurity A 0.244-9.75 y=33.783x - 2.1475 0.999 9 0.0731 0.244
Impurity B 0.244-4.80 y =34.010x + 0.150 9 0.999 9 0.0732 0.244
TSD-D 0.254-1.02 y =53.007x + 0.395 1 0.9999 0.076 3 0.254
TSD-F 0.247-0.987 y =39.720x + 0.472 7 0.9999 0.074 0 0.247

IR FEAR T 52 & N R 2 000 %, A 24 F A0 R BR
6 666 fi7; %244 )i [ LOD 1 LOQ ¥4Iz ik T I PR, 1% 7
T I R RE T R A SR

5 HBEE

6 ZH L 3 VA R R R R AL BB S &
RSD (n = 6) 43 %l 4 1.87% £11 0, TSD-D 1 TSD-F ¥J %
Aot 6 AL AR it VA R AR 2 5T AL 2% 5 B TSD-
D Al TSD-F & & 1 RSD (n = 6) 43 %l 4 1.33%.0.28%
0.36% Fl 1.45%; 77 V%8 & 1 R 4F .

12 A AR VA R P R L R BT AL R BT B B R
RSD (n = 12) 43524 4.43% F10, TSD-D 1 TSD-F ¥ &
for ;12 450 bR AR G VA VR R H R BT AL R 5T B
TSD-D il TSD-F & & ) RSD (n = 12) 43 %4 1.01%.
0.23%-.1.06% A1 1.17%; J5 12 o [A] A% % 5 [ Uf-.

6 IAEREM

RO IE PRI AR S IARAT 56 AF R, TSD-1. 24 i
A. Z% Jfi B. TSD-D 1 TSD-F Ii% [ % () RSD 43 %I A
0.17%.0.43%.2.67%- 0.28% #1 0.37%; % 4t i& H PE &
TRAEV T (4~8 °C) LRAFAAF T, TSD-1 445 A4 S5 B
TSD-D 11 TSD-F U [fi £ ) RSD 43 71 4 0.14%.0.50%
0.46%-0.48% F10.41%. AL F VA RTE SR RAT KT,
TSD-1. 7% it A F1Z% Jit B U i AR ¥ RSD 435l 24 0.17%
1.10% #1 0.43%, TSD-D #1 TSD-F ¥ K & ;A4 5 i
ALV (4~8 °C) TRAF %A T, TSD-1. 4% i A F1 4% ot
B U i A1 1) RSD 431 A 0.14%.0.58% £110.32%, TSD-D
FTSD-FHIAK H . 25 RE W, KRG IE PR ANt
WA B AR R AR, 12 h NER0E; RGEHTE
T TR B VA AT Y 8 (4~8 °C) fRAF 45 1F T, 24 h
WA -

7 OETRE
25, FE S TR 2% i AL 44 BLTSD-D A TSD-F

PR8I (n = 9) 4351 103.00%.99.08%..100.92%
F11100.74%, RSD #41/NT 3%, 2% WA J7 92 tHEff P 26 v o
8 TmHAM

TEE AR IR TR BIAR A B pH 5 R A AR Bl
PR SR A B B AR TS AR, & A ae R B
BB &, T Y R i
9 H&mNE

FE i 72 45 a0 2 3 fror, TSD-D. TSD-F #5K £
H, 245 A4 B R E SRR .

INGE

AT 5 % Joit B FE 1) 72 2 2% ICH Q3A (R2) Fff 14
HHSF 24 T BRI SR AN A N IR 3 R [ 24 1) 2020
SRR (VYY) T8 ) €24 0 2% 5 o T i S SR P A
H I 556 K 75 5 50 mg, 14 24 2% 8 B 70 55 2 4
PR, 45 A A i AR B PE AN K AR S AT AT 1, 4%
A [ PR T € A 1.0%, 2% J5t B 1 PR T 5E A 0.5%,
TSD-D. TSD-F [ i F& 8 5 2 0.1%, 5 KA K1 2% o1 (1)
I8 81 52 O 0.1%, e 2% 5 1D PR 87 7 K 2.0%

TE25 SR Bk AR v, 22 Ak A ROk = VP 24
YR BT A BB B, TSD-14F AR H7 24, R &0 7T
ANATELER o ASCEE ST —FIE 0 TSD-1 ik 25 A
S I v BGRAR EA%T, FETZ TVE I AT IR AE . 45
PR, RGBT R, RS, MR KEL
PER G5, BTy TSD-1 JERE2GG %4 o A 72 5 L AS Il 7
5 R AR S50 e, 1R A8 D TSD-1 i 3510 (4 I & 2
PEORBE o

TSD-1 & B FH AR A U b B 45 A ik AT it
M7=, X — ARG I 25K . 7581 25 T R I Ih AR
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Table 3 Results of different batches of samples (n = 3). ND means undetected

Content of maximum Content of total

Lot No. Impurity A/% Impurity B/% TSD-D/% TSD-F/% . . . . .
single impurity/% impurities/%
181104 0.40 0.06 ND ND 0.04 0.67
181105 0.38 0.04 ND ND 0.04 0.73
181106 0.63 0.05 ND ND 0.05 0.99
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