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Preparation, characterization and improved solubility of ticagrelor salts
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Abstract: Four salts of ticagrelor, ticagrelor-3, 5-dinitrobenzoic acid, ticagrelor-pyrazinamide, ticagrelor-D-
proline and ticagrelor-L-proline were prepared by solvent suspension and liquid-assisted grinding to improve the
solubility of ticagrelor. The compounds were characterized by powder X-ray diffraction, Fourier transform infrared
spectroscopy, differential scanning calorimetry, nuclear magnetic resonance spectroscopy, elemental analysis, and
the intermolecular salt-bonding forces were analyzed. The equilibrium solubility of salts and pure drug in hydro-
chloride buffer pH 1.2 and phosphate buffer pH 6.8 were measured by high-performance liquid chromatography.
Ticagrelor was salted with 3,5-dinitrobenzoic acid, pyrazinamide, D-proline, L-proline all in a stoichiometric ratio
of 1:1; with the exception of ticagrelor-D-proline, the solubility of the other three salts provided significantly
improved solubility in hydrochloride buffer pH 1.2, and the equilibrium solubility of ticagrelor-3,5-dinitrobenzoic
acid was increased by approximately 1.7 folds as compared to pure drug. Salt-forming technology is convenient
and can improve the solubility of ticagrelor.
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Figure 1 Molecular structures of ticagrelor (TICA, a), 3,5-dini-
trobenzoic acid (DNBA, b), pyrazinamide (PZA, c), D-proline (D-
Pro, d), L-proline (L-Pro, e)

TR B R 2 M AR TR A R A A DZF-
6020 A B3 TR _Bilg—1ERH A R A A, RC12AD
A B A TDTF R KR KA IR A, it RZQ-12D
HURE W 22 2 45 Agilent 1200 1 250 AH €3 43 25 [
Agilent A 7], fic DAD fi i #% ; ASCEND H #% i H: 4%
A, 400 M: 78 [ Bruker A ] ; FLASHSmart 24 & 7t
RO EEFERBR A .

WP B ROUZ R K AR A, #t
5120190614, 4l fF > 99.0%; 3,5- R4 FE A R (it 5
20140820, 41/ > 99.0%).L-ffiZ(iR (5 20170810, 4l
% > 98.0%).D-fl &R (k5 20170616, 4ifF > 98.0%):
] 24 4 A 223 750 A B A W) 5 bk g 1 frg s Qe st
Bk AR AT, bS5 20180605, 41 > 99.0%; 9256
Hh A B R38R A i, S8 FH K O aliidoK .

HEmbl & IR (25 °C) N R ZE A8 BB 1 G
F145 £ 4% £ LA 300 r-mint 5 4 £ 24 h B AR A E T
e R BF 5 20 min J5, B F 40 °CH 25 T F %
2 1B G T . R R NER L.

MR X-FL07877% W55 & TICA.DNBA.PZA,
D-Pro. L-Pro J5i #l 2, TICA-DNBA.TICA-PZA.TICA-
D-Pro. TICA-L-Pro 2k 2 £ 5 DL K& e AT 1) 4 2R &
(%140 mg), 1& MW B BCA B, B LI R X- 5 2%
Fro R . IR 2 N CulKa ¥E, 4 = 1.541 78 A, H
JE 40 KV HLifE 1 500 mA, 14 70 Fl £5 3°~40° (20), &
10.02°, FAH 1 B yHE o 20,

qHNHTES R 5 AFRECTICA.DNBA.PZA,
D-Pro. L-Pro J5i £l 2, TICA-DNBA.TICA-PZA.TICA-
D-Pro. TICA-L-Pro 5 B F¥ il 3 &, SR FH 3 4 S S 9%



- 572 - 2422224 Acta Pharmaceutica Sinica 2021, 56(2): 570 -576

Table 1  Experimental results of ticagrelor-3,5-dinitrobenzoic acid salt (TICA-DNBA), ticagrelor-pyrazinamide salt (TICA-PZA), ticagre-

lor-D-proline salt (TICA-D-Pro), ticagrelor-L-proline salt (TICA-L-Pro)

Sample Solvent Method Time/min Yield/% Purity/%
TICA-DNBA Dichloromethane Solvent suspension 200 97.98 95.36
TICA-PZA Dichloromethane Liquid assisted grinding 20 86.13 94.71
TICA-D-Pro Dichloromethane Solvent suspension 200 97.63 95.74
TICA-L-Pro Dichloromethane Solvent suspension 200 97.27 94.89
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Figure 2 X-ray powder diffraction spectrums for TICA, DNBA, PZA, D-Pro, L-Pro, TICA-DNBA, TICA-PZA, TICA-D-Pro, TICA-L-
Pro, physical mixtures of ticagrelor and 3,5-dinitrobenzoic acid (TICA+DNBA, a), ticagrelor and pyrazinamide (TICA+PZA, b), ticagrelor
and D-proline (TICA+D-Pro, c), ticagrelor and L-proline (TICA+L-Pro, d)
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TICA: *H NMR (400 MHz, DMSO-d,) § 9.37 (d,
J = 4.0 Hz, 1H), 7.37~7.28 (m, 2H), 7.10~7.05 (m,
1H), 5.12 (d, J = 6.4 Hz, 1H), 5.05 (d, J = 4.1 Hz, 1H),
4.96 (t, J = 8.1 Hz, 1H), 4.60 (d, J = 4.9 Hz, 1H), 4.58~
4.54 (m, 1H), 3.94 (d, J = 4.6 Hz, 1H), 3.76 (m, 1H),
3.55~3.49 (M, 4H), 3.16 (m, 1H), 2.95 (m, 1H), 2.89~
2.82 (m, 1H), 2.67~2.60 (m, 1H), 2.13 (m, 1H), 2.03
(m, 1H), 1.52 (m, 3H), 1.40~1.35 (m, 1H), 0.82 (t, J =
7.3 Hz, 3H); *C NMR (101 MHz, DMSO-d,) § 169.26,
154.04, 150.71, 148.28 (dd), 149.52, 149.08, 146.66
(dd), 139.40, 123.26, 122.91, 117.12 (d), 114.91 (d),
81.89, 74.44, 73.79, 70.94, 60.61, 60.40, 34.19, 33.33,
32.43,24.13,22.38, 15.11, 13.06.

TICA-DNBA: *H NMR (400 MHz, DMSO-d,) o
14.38 (s, 1H), 9.37 (d, J = 4.1 Hz, 1H), 9.03 (t, J = 2.2 Hz,
1H), 8.91 (d, J = 2.2 Hz, 2H), 7.37~7.28 (m, 2H), 7.10~
7.05 (m, 1H), 5.08 (d, J = 22.0 Hz, 2H), 4.96 (m, 1H),
4.64~4.53 (m, 2H), 3.95 (d, J = 4.3 Hz, 1H), 3.76 (m,
1H), 3.51 (m, 4H), 3.16 (m, 1H), 2.95 (m, 1H), 2.90~
2.81 (m, 1H), 2.67~2.60 (m, 1H), 2.13 (m, 1H), 2.07~
2.00 (m, 1H), 1.58~1.46 (m, 3H), 1.40~1.35 (m, 1H),
0.82 (t, J = 7.3 Hz, 3H); *C NMR (101 MHz, DMSO-d,)
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Figure 3 Differential scanning calorimetry thermograms for TICA, DNBA, PZA, D-Pro, L-Pro, TICA-DNBA (a), TICA-PZA (b), TICA-

D-Pro (c), TICA-L-Pro (d)

o 169.26, 164.06, 154.03, 150.71, 148.28 (dd), 149.51,
149.08, 146.67 (dd), 148.43, 139.40, 134.14, 129.00
(2C), 123.25, 122.91, 122.21, 117.12 (d), 114.91 (d),
81.89, 74.45, 73.79, 70.94, 60.61, 60.40, 34.19, 33.32,
32.43,24.12, 22.38, 15.11, 13.06.

TICA-PZA: *H NMR (400 MHz, DMSO-d,) J 9.34
(d, J = 4.0 Hz, 1H), 9.17 (d, J = 1.6 Hz, 1H), 8.84 (d, J =
2.4 Hz, 1H), 8.71 (dd, J = 2.4, 1.6 Hz, 1H), 8.24 (s, 1H),
7.85 (s, 1H), 7.35~7.26 (m, 2H), 7.10~7.03 (m, 1H),
5.10 (d, J = 6.4 Hz, 1H), 5.03 (d, J = 4.1 Hz, 1H), 4.95
(m, 1H), 4.59~4.53 (m, 2H), 3.93 (m, 1H), 3.74 (m,
1H), 3.55~3.47 (m, 4H), 3.14 (m, 1H), 2.95~2.90 (m,
1H), 2.87~2.82 (m, 1H), 2.62 (m, 1H), 2.11 (m, 1H),
2.05~1.98 (m, 1H), 1.57~1.45 (m, 3H), 1.39~1.34 (m,
1H), 0.80 (t, J = 7.3 Hz, 3H); #C NMR (126 MHz,
DMSO-d,) 6 169.62, 165.54, 154.40, 150.83, 148.89 (dd),
149.89, 149.19, 147.26 (dd), 147.85, 14554, 144.09,
143.85, 139.79, 123.62, 123.29, 117.50 (d), 115.25 (d),
82.24, 74.84, 74.13, 71.31, 60.95, 60.76, 34.59, 33.71,
32.79, 24.52, 22.75, 15.50, 13.43.

TICA-D-Pro: *H NMR (400 MHz, DMSO-d;) &
9.36 (d, J = 4.0 Hz, 1H), 8.62 (s, 1H), 7.34~7.26 (m, 2H),
7.08~7.04 (m, 1H), 5.13 (s, 2H), 4.95 (m, 1H), 4.54 (m,
2H), 3.94~3.92 (m, 1H), 3.76~3.72 (m, 1H), 3.61 (dd,

J=8.6, 5.6 Hz, 1H), 3.49 (m, 4H), 3.21~3.17 (m, 1H),
3.16~3.12 (m, 1H), 3.02~2.97 (m, 1H), 2.92 (m, 1H),
2.87~2.79 (m, 1H), 2.64~2.58 (m, 1H), 2.11 (m, 1H),
2.03~1.90 (m, 3H), 1.82~1.59 (m, 2H), 1.50 (m, 3H),
1.39~1.34 (m, 1H), 0.80 (t, J = 7.3 Hz, 3H); 3C NMR
(101 MHz, DMSO-d,) & 169.60, 169.25, 154.04, 150.70,
148.27 (dd), 149.51, 149.06, 146.65 (dd), 139.41, 123.25,
122.91, 117.12 (d), 114.90 (d), 81.89, 74.44, 73.78, 70.93,
60.79, 60.62, 60.38, 45.29, 34.19, 33.33, 32.42, 28.99,
24.13, 23.95, 22.37, 15.11, 13.06.

TICA-L-Pro: 'H NMR (400 MHz, DMSO-dy) o
9.36 (d, J = 4.1 Hz, 1H), 8.63 (s, 1H), 7.34~7.26 (m,
2H), 7.08~7.03 (m, 1H), 5.21~4.91 (m, 3H), 4.54 (m,
2H), 3.94~3.91 (m, 1H), 3.74 (m, 1H), 3.62 (dd, J = 8.6,
5.6 Hz, 1H), 3.49 (m, 4H), 3.23~3.18 (m, 1H), 3.16~
3.12 (m, 1H), 2.99 (m, 1H), 2.96~2.88 (m, 1H), 2.88~
2.79 (M, 1H), 2.65~2.57 (m, 1H), 2.11 (m, 1H), 2.03~
1.89 (m, 3H), 1.78~1.64 (m, 2H), 1.56~1.44 (m, 3H), 1.36
(m, 1H), 0.80 (t, J = 7.3 Hz, 3H); ®C NMR (101 MHz,
DMSO-d;) & 169.64, 169.25, 154.04, 150.71, 148.28
(dd), 149.51, 149.07, 146.65 (dd), 139.44, 123.25,
122.91, 117.12 (d), 114.91 (d), 81.89, 74.45, 73.79,
70.94, 60.80, 60.62, 60.39, 45.30, 34.19, 33.33, 32.42,
29.00, 24.13, 23.95, 22.38, 15.11, 13.06.
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Figure 4
and phosphate buffer pH 6.8 (B). "P < 0.05

6 JTTESH

TICA J5i £l Zj . TICA-DNBA.TICA-PZA . TICA-D-
Pro.TICA-L-Pro #i I G & A W 45 R 3 2. JCE 0 HT
S5 R IR AT TICA BT 6 8 Jot i 26 2 4581, C% H%
O% Il & {5 5 AL 1 5 22 {H < 0.4%, HFE 355 4L
e, PRI B 5 R 22 < 0.4%.
Table 2  Element analysis results for TICA, TICA-DNBA, TICA-
PZA, TICA-D-Pro, TICA-L-Pro

Measurement data Theoretical data

Cl% H% N% C/% H% N/%

TICA S1 5326 544 1605 52.82 536 16.07
S2 5386 561 16.08

TICA-DNBA S1 4893 446 1525 49.00 436 1524
S2  48.79 433 15.09

TICA-PZA S1 5225 527 1919 52,04 511 1951
S2 52.10 5.19 19.19

TICA-D-Pro S1 52.66 5.86 1535 52.69 580 15.37
S2 5328 594 1531

TICA-L-Pro S1 5282 598 1536 52.69 580 15.37
S2 5298 6.00 15.37

Sample

7 FEARE

TICA Ji #1245 . TICA-DNBA.TICA-PZA . TICA-D-
Pro.TICA-L-Pro #: 7£ pH 1.2 Al pH 6.8 Z& ¥+ 1) ¥ i
BRI 4. 7E pH 1.2 2 i+, TICA JE k2 1) °F
VAR FE 4 10.49 pg-mL, TICA-DNBA [T ¥ fif 15
418.07 pg-mL%, TICA-DNBA £ # Lb T TICA J5 k) 24
VR IE e 1 1.74% (P <0.05). TICA-PZA Hl TICA-
L-Pro & () - 47 ¥ fif 5% 53 1) v 13.04 #1115.14 pg-mL™,
VB ML 43 9] 2 TICA JRORH 245 1) 1.2 5 F0 1.4 £ . 7E pH
6.8 L2 MR Y, T A B i 4 T R T A0 o IR A AR LE
T B v SRR 25 3 B 2 G (P > 0.05).

g

A% B I AR S — OB BY I T N AR SR 1 259,
AEAE TR 22 10 1) R, A HF 98 A B0l 0 il 3 B R e
SV R BE T 2 s AR R BE o 55 FE 3 385 4% i 785 pK,
H13.26 £ 0.70, 73T 2%, 2 5 & P Ak, 8
Tkl B 0 A R, SR FH A2V VRV RO I YR B 2 ) % 3k

B pH 6.8

e - TICA
E s ~— TICA-DNBA
g == TICA-PZA
E w0 - TICA-D-Pro
g TICA-L-Pro
g s
=0 ' r Y

(1] 200 400 600

Time /min

In vitro dissolution studies of TICA, TICA-DNBA, TICA-PZA, TICA-D-Pro, TICA-L-Pro in hydrochloride buffer pH 1.2 (A)

57 B M Er i AR AR, 0 990 D R G 9 -3,5- AR AR R
HIR (1:1) Bk B v - ML R IBE A (102) 35 4% 3 V2 -D- I
IR (L11) B EE-L- I 2R (101). RALSHr R
4 Fih B8 350 B R AE AR AR AT 5 B0 L 2040 B S A
FAE 138 ) s Ao PR A e 20 )9 A 2 A R T 24
VoW R B A S B DR 3R, 3 T 2 S M 245 00 (R A e
FG RIS o 8 4% 3 ¥ -3, 5- Al 5L % IR 5 s B 5 —
WL P I fe 115 S i 0 - L- T 20 R Eh P B v T AR BV
15 pH L2 e i 0 H B A, DRk, ASWE S0 3R 13 /0 3
ol 37 5k R 0 Jo L AT R e A i 0 A R S R
AW T SR e R AR AR AR — P B T, AR SE R
N ER BORAE DA 25V e 5 T SR 3t 1 S A

B & DTBK: M 20 10 5T S IR T A il ) % R AR AN R DL
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