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This process technology has several advantages such as cheap material and high yield in the industrial production.

Avoiding the use of PBrz-Br,, -
the yield was 58% (2 steps). | The yield was 69% (2 steps). |
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B . total yield: 29.2% (from 2)
F 110°C,8h 65°C, 20h 55.3% (from 8)
8 9 81% %’/0 11 purity: 99.4% (HPLC)

Avoiding the use of CHl, The intermediates were purified by recrystallization
the yield was 74% (2 steps). instead of column chromatography.
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A new synthetic route of trifluoromide was reported, and the total yield was 63.9%.
It provided a better choice for industrial production.
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Chemical Structures of the Related Substances of Fondaparinux Sodium
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The inhibition zone was displayed after the assay plates was placed for0d,3d, 7d, 10dand 14d in4C.
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Synthesis of the Related Substances of Fondaparinux Sodium Injection

GAN Hao"?, XU Shanshan', ZHOU Xize', LI Zhenzhong'
(1. Tianjin Chase Sun Pharmaceutical Co., Ltd., Tianjin 301700; 2. Hubei Enoray Biopharmaceutical Co., Ltd., Huangmei 435501)

ABSTRACT: To conduct the quality control of fondaparinux sodium injection, three related substances
were synthesized, including methyl O-(2-deoxy-6-O-sulfo-2-amino-a-D-glucopyranosyl) -(1—4)-0-(B-D-
glucopyranosyluronate) - (1—4) -O- (2-deoxy-3,6-di-O-sulfo-2-amino-q-D-glucopyranosyl- (1—4) -O- (2-O-sulfo-q.-
L-idopyranosyluroate) - (1—4) - (2-deoxy-6-O-sulfo-2- (sulfoamino) -a-D-glucopyranoside) ,octasodium salt (IP1),
methyl-O- (4-deoxy-2-O-sulfo-o-L-threo-hex-4-enopy ranosyluronate) - (1—4) -O- (2-deoxy-6-O-sulfo-2-sulfamino-a-D-
glucopyranoside), tetrasodium salt (IP2), methylO- (2-deoxy-6-O-sulfo-2- (sulfoamino) -o-D-glucopyranosyl) - (1—4) -
O- (B-D-glucopy ranosyluronate) - (14) -O- (2-deoxy-3,6-di-O-sulfo-2-amino-a-D-glucopyranosyl- (1—4) -O- (2-O-sulfo-
o-L-idopyranosyluronate) - (1—4) - (2-deoxy-6-O-sulfo-2- (sulfoamino) -a.-D-glucopyranoside) , nonasodium salt (IP3).
Their structures were confirmed by 'H NMR, **C NMR and HRMS.

Key Words: fondaparinux sodium; related substances; synthesis of impurities; anticoagulant; quality control
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Fig.1 Chemical Structure of Fondaparinux Sodium (1)

N JEURL2G 5 70 T 2 A 0 R R O,
Fr& R T (QbD) #8 S M. 1y SR

AR KE T2 (121 °C, 15 min), &g
LR 3 AR - IPLL IP2, IP3, E[EHZY

4t 40 hix (USP 40) AR IN iR T 08 1 (1 fR

IFE] (RRT) 43742 0.35. 0.48. 0.76 (USP 40, 2016:
4324-4327) ; vl B2 bR E > B A AN EEIL 1.0%
0.15% F111.0% (USP 40, 2016: 4327-4330) . R4 1

EE RS R, W T BRYE 2640 T Re B B 7 fE

HRAGH KYFIPL A IP3 s ZHARIERT ZH] & L
SR T (IR A R IP2. ARWF T IPL,
IP2 1 1P3 #AT T & hk (E2)

TATLL L MR ah ek, FHERER I & pH 2.0 ~
2.5, ¥ [ BRI E], 1k FEYENLER D HpES F
B 2- A7 & 3 b 1 Tl R 225 17 2E Bk H 2 -O- (2- AR -
6-O- MR IL -2- Z Ik -o-D- ML &4 ) - (1—4) -O-
(B-D- ML 2 FERSTR ) - (1>4) -O- (2- 4 -3,6-
O- fRIE -2- &It -o-D- ML &4 ) - (1—4) -O-
(2-O- THFRHE -o-L- ML AL AR R ) - (1—4) -2- it
4 -6-O- TR SE -2- THIENG I -o-D- MEIHR 25 8 )\
B (IPL) . ZRMN AR, 5 T#E, REH

HoAth B 2 7= A, B AR AL, SR
45% (K 2).

FER| 1R RS, S5 ik
RABEHF IR T2 1, D1 5¥REE R
PR REANE R 2, FSEFERIA YA 3, 3
FES AT F R R A B A BB AE 1 36 -O- (4- it
A -2- TR -o-L- TEIR - ) -4- A FERR ) - (1-4) -2-
JIt 4 -6-O- TR JE -2- R P i i -ou-D- N g 8] 267 R EF
VUghER (IP2), ZBI&MHERAT, 2 THAE, U
g iR BEAifk, SR 27% (K 2).

DL e G R RL, kgt pH 3.4 ~ 3.6 Filjx

S I [ #5145 FH 2 -O- (2- i 4L -6-O- R AL -2- fi
fidk -o-D- HEMEH & B ) - (1—4) -O- (B-D- ML H
EPERERR ) - (1—4) -0- (2- it% -3,6-0- TR Ak -2-
RH -a-D- MG HI % BE ) - (1—-4) -O- (2-O- IR AL -
ou-L- HEPR SR RERETR ) - (1>4) -2- [l -6-0- TR
e - 2- WL HE L -o-D- WL R &0 B H SUER (IP3)

R AFIRAT, 5 TR, Bk 30% (K 2)
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Fig.2 Synthetic Routes of Related Substances of
Fondaparinux Sodium Injection
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TSR 25 (R H2g e Bt A PR A &, ol >
99.0% ), FEAM CHEKSEFH S (Lig) ARAF,
4l 99.3% ), HUF (HEZEM, 4 98.5% ), HEE. —
SURBE. SRR AN, BRI AL

FHE -O-(2- fii& -6-0- FEEsE -2- §& -o-D-
Mt EIZENE ) - (1-4) -O- (B-D- MIFEEEPEREER ) -
(1—4)-0- (2- 5 -3,6-O- —FARR A -2- §& -o-D-
Mg EEHE ) - (1-4) -0- (2-O- BB -o-L- ALIE
HPERERS ) - (1—-4) -2- B 5 -6-O- FARR AL -2- TaltAR
& -o-D- WIEEEEE/\$WEL (IP1)

# 1(1.5g, 0.87 mmol) # T K (30 ml) H,
BN 6 mol/L 5% (% 2.5 ml) iE% pH 2.0 ~ 2.5,
40 °C [N 6 h. 2 3 52 B2 in 4 mol/L S S8 A AN TR (4
10 ml) i & Ak, 980 TR 4 15 € A4 TPL O
(2.9), bk (30 ml) ¥&fE, 4 15 X BT E T
ek (&4 DIONEX CarboPac £, 15 mmx
250 mm, 5 pum) ; AEhA8 117 g/L SALERNIAER - /K,
BEEEPEE, 1), Ui4E 6.0 ~ 8.5 min Jisy, K4
Jit 645 9 A [E 44 1P1(0.59 g, 45% ), 4liJ¥ 96.3%
[HPLC H—4kik . &itdr DLFEEHE T 7%
N A7 AR A1 2 # ki (Fi4 Dionex
CarboPacTM PA 1, 4 mmx50 mm, 10 um; &&4
Dionex CarboPacTM PA 1, 4 mmx250 mm10 um ;
AR A ZK (I LK InA 2] 10 pl =LK,
0.22 um JEFEIE 8, L2k A IE AR, DAY
W &, kWb, sehr A& 10 ~
25 pl R2&), AzhAa B 11.69% S AL (B
PaiF AN 116.9 g, MEAUKIERIHFMBEZRIL,
0.22 um JE M 98 ), BREEVEM WK 2,; Wik
1 ml/min ; #mkK 210 nm; 4238 25 °C ; ABsH4R
it 1a) 0.35] .mp 234.6 ~ 236.4 “C .ESI-HRMS (m/z) :
738.453 1[M-2Na]?, 727.462 2[M-3Na+H]? ; 'H NMR
(400 MHz, D,0) #1C NMR (100 MHz, D,0) .5 3.

FRE -O- (4- s -2- it & -o-L- Aitig - 2 -4-
IHHEER ) - (154) -2- RS -6-O- BRER & -2- FAE AR
& -o-D- IEEEEEME (IP2)

# 1(3 g, 1.74 mmol) 3T 7K (60 ml) #1, 2%

B
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AN TK (90 ml) R &R S (468 99.3%,
99, 20.08 mmol), =i/ 1h, g, JEPHHK
ek aiT, HAatEAk2(8.59) .. BT &HF K
(110 m) #, =EMASEAS (4iE 98.5%, 59,
39.68 mmol) , hnFAEI SN 24 h, 153 IE WA, 5]
ANTC/KHEE (220 ml) 1, b€, JEUEH K F RS
BT, fF a4k 3(1.9 ), ¥ TUK (60 ml) 1,
i 4 mol/L S &AL (29 6 ml) % pH 12.0 ~
12.5, 65 C/ M 2 h, AHIEEE, KMNBEINT
KHFEE (240 ml) w1, 98, JEYFH JCK g E
M, S IP2 L5 (L2 9) ¥ TF/K (18 ml) 1, 4
9 %X £ T DIONEX CarboPac £ (15 mmx250 mm,
5um), PL117 g/L SALEAVE R - AKBEFEGEM (%
1), W 11 ~ 14.5 min Fify, W4 75 A fmE
& 1P2(0.32 g, 27% ), 4lifF 99.4% [HPLC JH—1k
%, ZAFEIPL, ABxSARE BT IE] 0.48] . mp 127.6 ~
129.2 ‘C. ESI-HRMS (m/z) : 655.921 1[M-Na] ,
633.940 7[M-2Na+H] ; ‘H NMR (400 MHz, D,0)
F1°C NMR (100 MHz, D,O) .5 3.

BHE -O-(2- Bt | -6-O- AR E -2- MMt AR & -
o-D- MEEZENE ) - (1-4) -O- (B-D- MtiEEEHERE
g ) - (1—4)-0-(2- fi & -3,6-0- — &R E -2- | & -
a-D- MIEEEHE ) - (1—4) -0- (2-O- FEEEE -o-L- Mt
A HERERS ) - (1—4) -2- Bi % -6-O- FAEs R -2-
Fipe £ -o-D- MIEEEFEE LME (IP3)

% 1(1.59g, 0.87 mmol) % T 7K (30 ml) =, i
A 6 mol/L #:fi® (2 ml) % pH 3.4 ~ 3.6, 30 Cx
R4 h, JRisEEEN 4 mol/L A4 (6 ml)
W Z A, ORRAES B B FEAY) IP3 A (1.99),
Tk (30 ml) ¥ fi#, 4» 15 % L ¢ T DIONEX
CarboPac #+ (15 mmx250 mm, 5 um), LA 117 g/L
HACBNE W - KB BE L (R D), £ 14 ~
16.5 min Jiify, Wi #1524k 1P3(0.42 g,
30% ). 2l 100.0% [HPLC H—14kik, 2%1FFH
IP1, ABxH4%R% A+ 0.76]. mp 218.5 ~ 220.3 C.
ESI-HRMS (m/z) : 1479.942 5[M-SO,Na—2Na+4H]",
672.509 2[M-SO;Na-8Na+7H]* ; *H NMR (400 MHz,
D,0) #1*C NMR (100 MHz, D,0) .% 3.
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Tab.1 The Preparative Performance Liquid Chromatography Elution Condition of Related Substances of 1

IP1 1P2 IP3
yrmin TARAI% JAhABI% A% FAABI% T AAI% JAIBI%
0 50 50 50 50 60 40
4 50 50 50 50 60 40
20 85 15 85 15 920 10
25 85 15 85 15 920 10
30 20 80 20 80 20 80
35 20 80 20 80 20 80
=2 1 BRI BRHLE R R B S 1
Tab.2 The Testing of Purity Elution Condition of Related Substances of 1
t/min 0 5 25 30 35 50
ANFHAIY 50 50 10 10 50 50
TENHHBI % 50 50 90 90 50 50
%3 1 REBXMRMNSIESKEHIEARE
Tab.3 The 'H NMR and *C NMR Assignment of 1 and It's Related Substances
. 'HNMR § BCNMR &
Azl
1 IP1 1P2 IP3 1 IP1 1P2 IP3
1 5.58 (J=4.0 Hz) 5.65(J=4.0 Hz) 5.63(J=3.6 Hz) 100.22 99.34 99.8
2 3.23 3.29 3.19 60.59 59.71 60.2
D 3 3.57 3.58 3.53 71.20 70.91 71.3
4 3.54 3.63 3.51 73.77 72.90 73.4
5 3.85 3.90 3.79 72.42 71.78 72.2
6 4.30, 4.09 4.36,4.19 4.21,4.10 69.35 68.16 68.6
1 4.58(J=8.0 Hz) 4.60(J=8.0 Hz) 4.55(J=7.8 Hz) 103.80 103.80 103.8
2 3.38 3.42 3.35 75.40 74.68 75.0
. 3 3.78 3.82 3.73 78.89 77.66 78.2
Efd 4 3.79 3.86 3.74 78.93 78.11 79.1
5 3.80 3.89 3.75 79.49 78.16 79.2
6 177.93 176.84 177.2
1 5.47(J=3.2 Hz) 5.44(J=3.6 Hz) 5.40 (J=3.2 Hz) 98.80 92.87 93.4
2 3.40 3.45 3.66 59.29 55.55 555
; 3 4.27 4.09 4.52 78.73 70.83 77.2
F B 4 3.94 3.79 3.98 75.58 78.40 74.4
5 411 3.98 4.20 72.23 69.72 65.2
6 4.46, 4.24 4.46,4.28 4.44,4.26 68.62 67.39 67.8
1 5.12(J=3.6 Hz) 5.26(J=3.2 Hz) 5.47(J=3.2 Hz) 5.17(J=2.8 Hz) 102.17 100.57 100.9 101.1
2 4.25 4.34 453 4.26 79.65 74.68 81.35 75.2
G 3 4.09 4.38 4.30 411 72.46 64.86 77.67 73.2
b 4 4.10 4.20 5.94(J=4.0 Hz) 4.13 72.78 72.38 109.1 71.6
5 4.70 4.96 4.85 72.70 69.04 147.4 69.5
6 176.80 177.01 171.7 177.2
1 4,97 (J=3.6 Hz) 5.03(J=3.6 Hz) 5.00(J=3.2 Hz) 4.93(J=2.8 Hz) 100.94 100.04 99.58 100.5
2 3.25 3.30 3.25 3.20 60.37 59.66 60.07 60.1
3 3.62 3.70 3.68 3.60 71.64 71.61 69.17 71.2
Hp 4 3.74 3.76 3.80 3.70 78.65 79.41 71.87 80.0
5 3.92 4.02 3.96 3.92 72.23 70.33 70.67 70.8
6 4.38,4.33 4.36, 4.29 4.34,4.24 4.28,4.21 68.97 68.77 66.02 69.2

OMe 3.36 3.43 3.38 3.41 58.09 57.25 58.25 57.7
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