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Synthesis of three impurities in apixaban
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Abstract: Objective 2-Chloro-2-[2-(4-methoxyphenyl)
hydrazono]acetate and 5,6-dihydro-3-(4-morpholinyl)-1-[4-(2-oxo0-1-piperidinyl)phenyl]-2(1H)-pyridinone were used as starting

To design and synthesize three impurities in apixaban. Methods

materials to synthesize the target compound 1 by cyclization and hydrolysis reactions, and compound 1 was used to synthesize the
target compound 2 and compound 3 by hydrolysis and substitution reactions. Results The target compounds were synthesized and
characterized by MS, 'H-NMR, and ">C-NMR method. And the purity detected were 99.3%, 99.1%, and 99.2%, respectively.
Conclusion The synthesis and purification of three impurities lay the material base for the study of impurities in apixaban.

Key words: apixaban; impurity; 2-chloro-2-[2-(4-methoxyphenyl) hydrazono]acetate; 5,6-dihydro-3-(4-morpholinyl)-1-[4-(2-oxo-
1-piperidinyl)phenyl]-2(1H)-pyridinone
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Fig. 1 Synthesis route of target compounds
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Agilent 1200 /= 30BAH 115X ; Bruker 400 MHz
RSN 2-50-2-[2-(4- AR SR S0 W HE ) 4 1%
LG CJ & o> $0>98% ) 5,6- & -3-(4- 15 Ik
H)-1-[4-2-5AAR-1-WR B J8) K 3L 1-2(1LH)-MLE e I 5T
A >98%) s HAR A b 44t
2 AEEER
2.1 1-4-BEEFE)-7-5K-6-[4-Q-F R URLE-1-
H)FK HE|-4,5,6,7-0 S -1H-MLEFE [3,4-c] AL BE-3- FR %
ZHg) (1) #a"

FWAAET, MEABEIEABEE . WA fH

FEWOR - FUBBERE 2 L DY R, i 2-4-
2-[2-(4-FAA LRI W L] 418 1R (60 g, 0.23
mol), BERRZME 1200 mL, $idk, e4wG, 4k
M 5,6-—F(-3-(4- kI )-1-[4-(2- S AR- 1-DR I
HRIL-2(1H)-MEBER (61 g, 0.17 mol), W%/
LRy, Bidk 15 min J5 A48, 0 — 41 80 mL,
R, TS 65 C, RN 8 h JE, P2
20 ‘C, %04 mol/L Fhi 72 mL, WY, INFATHE
245 °C, XN 3hjE, FFiRE 25 C, IMAKRE
B pH AE A 6, §E, 40 A L2 HIZKBEC200
mL X2), Jo/KERRN T4, xH, JE, JEREET
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G LR (70 2, R 84%, H—fLikilf
JE AN 92.5%.
22 EY 1 REL

BT, AR R 1L
P9 D, A E2 1R (70 @), 4EE 700 mL,
W BERE, LRI s, InATEPERE 0.8 g,
ita 30 min, #E, JEBAA =W, Hriéd4 h,
JEIL, HhT, AR ARA (60 g), W 86%, I
FUH—AE A i 408 99.3%. ESI-MS m/z:
489.2 [M+H]" . "H-NMR (400 MHz, DMSO-d;) 9:
1.32 (3H, t, J=72 Hz, CH3), 1.83 (4H, m,
CH,X2), 237 (2H, t, J=6.4Hz, CH,), 3.19 (2H,
t, J=6.4 Hz, CH,), 3.57 (2H, t, J=5.2 Hz, CH,),
3.79 (3H, s, OCH3), 4.06 (2H, t, J=6.8 Hz,
CH,), 4.33 (2H, m, CH,), 6.99 (2H, d, J=6.8
Hz, Ar-H), 7.26 (2H, d, J=6.8 Hz, Ar-H), 7.34
(2H, d, J=8.8Hz, Ar-H), 747 (2H, d, J=72
Hz, Ar-H). “C-NMR (100 MHz, DMSO-d;) &:
14.12, 20.84, 21.09, 22.95, 32.54, 50.65, 50.76,
55.43, 60.55, 87.11, 87.98, 113.41, 125.95, 126.28,
126.69, 132.40, 132.96, 138.39, 139.61, 141.41,
156.32, 159.26, 161.33, 168.79.
23 -4-BEEFE)-7-5K-6-[4-Q-F R URLE-1-
)X E]-4,5,6,7- 0 S -1H-AE e F[3,4-c] ALt 0E -3- R
%) (2) BIEK

SN, W BRIEA B L LR TR 500
mL PO, mAEI 1 (20g, 0.041 mol), [
TR 4056 200 mL, #EidE, FHla 45 °C, WRERE
W a s WINA 10%E S B K 32 mL, S N5E
K8, 45 “CHit 30 min J5, fIAZK 100 mL, BSR4
i 50 mL, 8% 20k, KR, =T
I 2 mol/L #h1% 25 mL, R FE A7 v v (] ™
Az, e, CSEIECRBEREE 2 h, JERE, M, KR 15
AW 2 M (13 @), WUE 88%, JA—AhikIFG s
5N 96%.
24 EY2 B4

AT, WO BRI A B L LB T 250
mL PU R, InAAEY) 2 i (13 @), 4 150
mL, BEPiEE, RIS R, IS K
0.2 g, BEFEMEEE 30 min, #JE, JEHAHI R FEENT
i 4 h, JEIE, HhT, AEEEEAREE (g, R
85%, JA—AiE 1S BT 73 H0Ch 99.1% . ESI-MS m/z:
461.2 [M+H]" . "H-NMR (400 MHz, DMSO-d;) J:

1.84 (4H, m, CH,X2), 2.37 (2H, t, J=6.4 Hz,
CH,), 3.17 (2H, t, J=6.8 Hz, CH,,), 3.57 (2H,
t, J=5.6 Hz, CH,), 3.79 (3H, s, CHj3), 4.05 (2H,
t, J=64Hz, CH,), 6.98 (2H, d, J=9.2 Hz, Ar-H),
726 (2H, d, J=88Hz, Ar-H), 7.33 (2H, d, J=
8.8 Hz, Ar-H), 747 (2H, d, J=8.8 Hz, Ar-H),
13.15(1H, s, COOH). *C-NMR (100 MHz, DMSO-ds)
5: 20.84, 21.17, 22.95, 32.54, 50.71, 50.76, 55.42,
11338, 12594, 12627, 126.63, 126.76, 132.50,
132.84, 139.26, 139.68, 141.36, 156.43, 159.17,
162.83, 168.79.
25 1-4-BEEXE)-T-FK-6-[4-C-FKIRIE-1-
B)HKE1-4,5,6,7-T0 S-1H-MEEFF [3,4-c] AL IE-3- B R
g (3) Mam®

WA T, M EATERIEA B IR TR 500
mL DY, ImAEYI 1 (20 g, 0.041 mol),
DMF 160 mL, % 80 mL, Wi J4idE, %I Fhid:
WO T NN = H S 4 mL, — 548 1.5 mL,
T 42 45 “CMY 0.5 h Jim, 00 25% H RN 1 FH B
WK 24.8 g, WM, RV 1h, RN A
1 000 mL KOKHY, B ZURIE K, RS+ 2 h,
JELE, HhT, LAY 3 A 12 g0 E 90%, 1M
— AR TR SN 97%
2.6 EY3IEYEL

RSN, A BRI AR LT 250 mL
VUi, IS 3 M (12 ), Wl 120 mL,
W BeRE, [PIRTEE T 200E, IS PER 02 ¢, it
30 min, HGE, JERAHIEEIR, Hrih4h, JELT,
T, AR m A (10 @), R 83%, H—1hikil
3R HCN 99.2%. ESI-MS m/z: 4752 [M-+H] '
'H-NMR (400 MHz, DMSO-d,) 6: 1.83 (4H, m,
CH,X2), 2.37 (2H, t, J=6.0 Hz, CH,), 3.18 (2H,
t, J=6.4Hz, CH,), 3.57 (2H, t, J=4.4Hz, CH,),
3.79 (3H, s, CHy), 3.86 (3H, s, CH3), 4.06 (2H,
t, J=6.4Hz, CHy), 6.99 (2H, d, J=9.2 Hz, Ar-H),
727 (2H, d, J=84Hz, Ar-H), 734 (2H, d, J=
8.8 Hz, Ar-H), 7.49(2H, d, J=8.8 Hz, Ar-H) . *C-NMR
(100 MHz, DMSO-d) d: 20.84, 21.05, 22.94, 32.54,
50.62, 50.75, 51.76, 55.41, 113.40, 125.92, 126.26,
126.61, 126.79, 13237, 132.93, 138.19, 139.60,
141.40, 15630, 159.26, 161.79, 168.78.
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FE (150 mmX4.6 mm, 5 pum); ¥ishAH: 30 mmol/L
LR (A - N (B), BAEEVEME, 0~3 min,
80%A, 3~15 min, 80%A—70%A, 15~22 min,
70%A—~40%A, 22~35 min, 40%A—80%A; A
35 °C; AR 1.0 mL/min; KK 280 nm.
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Fig.2 HPLC chromatograms of compound 1 (A), compound 2 (B), compound 3 (C), apixaban (D), and compounds 1, 2, and 3 + apixaban (E)
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