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Synthesis of disaccharide intermediate of fondaparinux sodium

HAN Jian, GAN Hao, ZHOU Xi-ze, YUAN Hai-xin, CHANG Shu-mei
Tianjin Chasesun Pharmaceutical Co., Ltd, Tianjin 301700, China

Abstract: Objective To design and synthesize disaccharide intermediate of fondaparinux sodium. Methods [-D-(+)-Glucose
pentaacetate was used as starting material to synthesize the donor compound E by sulfuration, benzylation, TEMPO oxidization and
bromination reactions; 1,5-Anhydro-2-deoxy-D-arabino-hex-1-enitol 3,4,6-tri-O-acetyl ether was used to synthesize the receptor
compound F by iodization and azidation reactions; And the fully protected disaccharide EF was used to synthesize by coupled reaction.
Results The target compound was synthesized and characterized by 1H-NMR and MS. And the purity detected by HPLC was
99.01%. The total yield of the synthetic route was 11.1%. Conclusion Synthesis of disaccharide intermediate of fondaparinux
sodium provides important intermediate material for synthesis of fondaparinux sodium and other polysaccharides.

Key words: fondaparinux sodium; 3-D-(+)-Glucose pentaacetate; 1,5-Anhydro-2-deoxy-D-arabino-hex-1-enitol 3,4,6-tri-O-acetyl ether;

intermediate; synthesis; isomer
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Fig. 1 Chemical structure of fondaparinux sodium
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Fig.2 Synthetic route of fondaparinux sodium intermediate EF

1 NE5RH

Waters €2695 — 2998 Z 41| i BB AH (i (32
[E Waters A7) ); Agilent 6520 Q-TOF JRUFIHETI1X
CEHE ZHEERHE A ) Bruker Avance 400 MHz
ORGSR P %A (5 [F Bruker 24 #]); B-1,2,3,4,6-
T OTRIEREHE R 40=98%) 3,4,6-— LW-D-
AR iR $0=98%) 6 A Jb st 9L AR 3B
AR R AR RS AR CORER TR
FRH AT BR A ] )5 JLAR T4 A [ 7= 23 Hr 4k
2 HESHR
2.1 6-FE-23-0-ZFE4-O-RCEE-1-RK-
B-D-IEEEHEEEER (E) RIS
211 Z3E-2.3,4,6-0-VU 2k 1-Bi AR -B-D- Ntk i 4
EipE (E-D AR KNI B-1,2,3,4,6-11.4
WEEEATZ98E (1 000.0 g, 2.56 mol). X FEEZE AR My
(TolSH, 381.5¢g, 3.08 mol). & M4t 5L, VKB R
I =% AL 2/ (1290 mL, 10.26 mol), ik %
B 3 ho AV FIBRER S SIEBIAE K Y, BAHLZ,
TR AT, IR, BEZERT. A3 L. &Y
1R 206 1.2 L Ha5 8, 98, T8, 1346549 E-1(960.0
g), W& 82.6%. 'H-NMR (400 MHz, CDCly) 6:
1.99 (s, 3H), 2.02 (s, 3H), 2.09 (s, 6H), 2.35
(s, 3H), 3.70 (t, 1H, J=4.8. 7.2 Hz), 4.16~4.24
(m, 2H), 4.63 (d, 1H, J=10.0 Hz), 4.94 (1,

1H, J=9.2. 10.0 Hz), 5.03 (t, 1H, J=9.6. 10.0
Hz), 521 (d, 1H, J=9.6 Hz), 7.13 (d, 2H, J=
7.6Hz), 7.39 (d, 2H, J=7.6 Hz).

2.1.2  REE-4,6-0-2R W H 5L - 1-Bi 4K -B-D- bt i 7] 2%
B CE-2) AR R I &) E-1 (960.0
g, 2.11 moD). FT/KHEE4 L. “HH %1 L. HFEE
By (35.0g, 0.65mol), =ik SN 3he MIAFRYEE
TARHMNE 300 g, BEdE, W, EEZRT, A
N,N-HEEHEEE 2.5 L. HSAFEZRH SR (480
mL, 3.17 mol). F&fiififR (CSA, 49.1 g, 0.21 mol),
SRV 5 he MAZEK 8 L BEIR LW 4 L A HY,
WAENUZ, TR, B, xR+, I
K 1L Eah i, vEd, T8, 1346 &%) E-2(476.7
g), W& 60.2%. 'H-NMR (400 MHz, CDCl3) 6:
235 (s, 3H), 3.42 (t, 1H, J=8.8. 9.6 Hz), 3.49
(d, 2H, J=8.4 Hz), 3.74~3.84 (m, 2H), 4.37
(dd, 1H, J=2.0. 10.4Hz), 4.55 (d, 1H, J=9.6
Hz), 5.51 (s, 1H), 7.14 (d, 2H, J=8.0 Hz),
7.35~7.38 (m, 3H), 7.42~7.48 (m, 4H).
213 RHE-23-0- K H-4,6-0- K W H L -1-Ai AR -
B-D-MtH % 0E (E-3) (& NI E-2
(476.7 g, 1.27 mol). N,N-_FIEH % (DMF) 2L,
UK R InNE AL (203.6 g, 5.09 mol). VALK
(521.2 g, 3.05mol), ZFEild KV 4 ho SEIIARE L
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BE 4L, FHHINZEMK 4L RN, JEd, BCAL
2, JoKBREE T, R, RAERT. KO
19 (1 LX3), T4, 34659 E-3 (6463 g),

% 91.7%. 'H-NMR (400 MHz, CDCly) §: 2.34
(s, 3H), 3.44~3.50 (m, 2H), 3.38 (dd, 1H, J=
4.8, 10.4 Hz), 3.68 (t, 1H, J=9.2. 9.6 Hz), 3.80
(m, 2H), 4.09 (d, 1H, J=9.6 Hz), 4.77 (d, 1H,
J=112Hz), 481 (d, 1H, J=10.4Hz), 4.87 (d,
1H, J=10.4Hz), 4.94 (d, 1H, J=11.2Hz), 5.58
(s, 1H), 7.12 (d, 2H, J=8.0 Hz), 7.25~7.47 (m,
17H).

2.1.4  ZKI-23-0- R HE- - AR-B-D- L I ] 225 B
(E-4) MAER RNIEF A E-3 (6463 g, 1.16
mol). 80%MSIA /K 4.8 L, 80 ‘CMY 5ho Jigzk
2F, WHBKRENER LG, R P4 L 20,
WANUZ, KM, B, AR+, I
IKCEATH (1LX2), T4, AV E-4 (4373
g), % 80.9%. 'H-NMR (400 MHz, CDCl3) d:
233 (s, 3H), 331 (m, 1H), 3.44 (t, 1H, J=
9.2 Hz), 3.50 (t, 1H, J=8.8 Hz), 3.56 (t, 1H,
J=92Hz), 3.73 (dd, 1H, J=5.2. 12.0 Hz), 3.85
(dd, 1H, J=3.2. 12.0Hz), 4.65 (d, 1H, J=9.6
Hz), 4.70~4.75 (m, 2H), 4.94 (dd, 2H, J=24.
10.0 Hz), 5.58 (s, 1H), 7.11 (d, 2H, J=8.0 Hz),
7.29~7.43 (m, 12H).

2.1.5 FH-6-FHE-23-0- R EE-1-HRARC-B-D- LR
A PR (E-SO MG VP E-4(437.3
g, 0.94 moD). 2,2,6,6-V1 I FLWRIE % 1L %) (TEMPO,
29.6 g, 0.19 mol). Z&ZMiZK (BAIB, 756.7 g,

2.35mol). A HE 4L, K 2L, FiREHER
V5 ho IINURIGRARHR BRAN W 8 L VR RN, T
IONFESRUT ek 4 L2, WAAHUE, ToKBRR
BT, vER, BEZART, IMAJCKHEE 2 L. K
R 20 mL, fIFAEIARAY 5 he ez 21, ik
WA AlA, Se AR - BERR OBE (10 0 1) BRI,
T AT Tk - BSR 208 (500 1D Y, 340 & W E-5
(307.0 g, W# 66.1%. 'H-NMR (400 MHz, CDCl;)
5: 2.37 (s, 3H), 349 (t, 1H, J=92 Hz), 3.62
(t, 1H, J=84Hz), 3.84~3.94 (m, 5H), 4.66 (d,
1H, J=10.0 Hz), 4.78 (d, 1H, J=10.4 Hz), 4.90
(s, 2H), 4.93 (s, 1H), 7.15 (d, 2H, J=8.0 Hz),
7.34~7.52 (m, 12H).

2.1.6 FI-6-HIE-23-0- " KIH-4-0-F L FE-1-

I AR-B-D-ILW 2 B R (E-6) MG VK
AN E-5 (307.0 g, 0.62 mol). S ZI&HF (159.1 g,
0.93 mol). —H W4t 1.5 L. 4- H & IEMLNE (3.7 g,
0.03 mol), ZHULXMN 5 he EAET, MABEKRZ
i S L. Z818K 5 LA, BCAHLE, oK1
e, vERL, BERET. IOKHEE 1L mE W, ki,
T4, 1340 E ) E-6(296.7 2, YT F 83.8%. 'H-NMR
(400 MHz, CDCl3) 6: 2.34 (s, 3H), 3.54 (t, 1H),
3.67~3.69 (m, 2H), 3.73 (s, 3H), 3.81 (d, 1H,
J=14.8Hz), 3.90 (d, 1H, J=9.6 Hz), 4.59~4.65
(m, 2H), 4.71 (d, 1H, J=10.0 Hz), 4.82 (d,

1H, J=11.6 Hz), 4.90 (d, 1H, J=10.0 Hz), 5.14
(t, 1H, J=9.6 Hz), 7.13 (d, 2H, J=8.0 Hz),

7.22~7.41 (m, 10H), 7.48 (d, 2H, J=8.0 Hz).
2.1.7  6-F3-2,3-0- =K 3-4-0- 5 ST HE-1-1R4XK-
B-D-NLME I A B R (B) WA RN A
E-6 (296.7 g, 0.52 mol). 0.4 nm 731-1fii 296.7 g+

TR ZEHLE 1L, AR FnRE (37 mL,
0.73 mol), =L 1 ho JEIL, IMAERGICH
PRI 1 L VKON, BRI, Tk R+
B, yERL, WEZEET, RERCCISGEEAt, £k -
BEPR SR (50 1) Ve, LS E (238.0 g), X
# 86.7%. 'H-NMR (400 MHz, CDCly) d: 3.59~
3.62 (m, 1H), 3.70 (s, 3H), 3.73 (s, 1H), 3.85
(d, 1H, J=14.8 Hz), 4.01(t, 1H, J=9.6 Hz),

447 (d, 1H, J=10.4Hz), 4.65~4.76 (m, 3H),
490 (d, 1H, J=11.6 Hz), 5.13 (dd, 1H, J=9.6 Hz),
6.31 (d, 1H, J=4.0Hz), 7.25~7.38 (m, 10H).

2.2 EY 2-0-CEEE-1,6-Bik-2-BR-2-liE4-
BE-B-D-MEEHERE (F) &M

221 34,6-—FIE-D-HEEG (F-D W& X
NHEF NN 3,4,6-= ZBE-D- %85 (1 000.0 g,

3.68 mol) Jo/K I 4 L. H 44 (20.0 g, 0.37 mol),
FEWLR Y 4 ho IINERYE BT ACHM I 200 g, B+t
WL, RAERT, fHEAY F-1 (4842 o, K
90.2%. 'H-NMR (400 MHz, CDCly) 6: 3.53 (t,
1H, J=8.0Hz), 3.72 (m, 3H), 4.08 (d, 1H, J=
6.8 Hz), 4.65 (d, 1H, J=5.7Hz), 6.26 (d, 1H,
J=5.8Hz).

222 346-—FI-D-HERHG (F-2) MaH Kk
MR F-1 (4842 g, 3.32 mol). 0.4 nm %31
i 484.2 g T/KZME 4L, 40 CHiHE 30 min, H/<
LAY RN =1 345448 (1855 ml, 3.65 mol),
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AR N, 4 ho VKT R INIALC1179.7 g,4.65 mol),
FrE=R AR P, EEET. MALECK
4 L. MWABAHRERANA 4 L 200, BUKEE, ez
T AT LEE 4 L AE 50 ‘CH 2K 30 min, yEit,
TR T, vEd, BEZAZRT, A NN-—H
FEFRE 2.5 L S50 (280.8 g, 4.32 mol). &1
/K 500 mL, JIFAMIAA 6 he BEEE, TR
FRAN T, A FCIR-=H A 100~200 HEERZ) 3 cm,
fEBE 20 1 em, JEL, H NN-ZHEEFEERZ 600 mL
VRGuEt, JEMIRZERIRLI 2 L, AWK 6L,
200 g BKPREH, DOANIETEE 6 L AL, JKAHIAIK,
RGN 3 L L3R B S50, APUZ, &
IKTRIRAN T4, 9ERL, IAVEMER 100 g Bith, 3E
o, ez e. HSTEE 2 L, Jeid, e
KK, FHIRERR S 200 mL ALBEEL B7 11 B
s DR AR AT AliA, SeH AR R - R
(150 = 1) YoM, AP - HEE (50 0 1) ¥k
fii, 1946451 F-2 (224.1 ), W% 36.2%. 'H-NMR
(400 MHz, CDCl3y) d: 2.45 (d, 1H, J=6.9 Hz),
2.61 (d, 1H, J=9.6 Hz), 3.52 (m, 1H), 3.66 (d,
1H, J=9.6Hz), 3.80 (dd, 1H, J=7.4. 5.4 Hz),
3.90 (m, 1H), 4.21 (d, 1H, J=7.4Hz), 4.58 (d,
1H, J=5.4Hz), 5.51 (s, 1H).

223 2-0-LMEHE-1,6- 7K -2-8 A -2- i 5 -4- B0 T
HE = IR - B-D-IE R I 20 (F-3) [(E R X
NI F-2 (224.1 g, 1.20 mol). N,N-_FJ%
FERE 1 L. BEME (326.0 g, 4.79 mol), K R
NABUT 2 — LS 4¢ (TBSCI, 234.8 g, 1.56 mol),
FF RSN IAZERK 2.5 L BE#R L1
25 L ZHG, WANUZ, JoKGRR T, J8k, in
NIETEIR 45 g i, g, ezsat, IAZE b
150, 4- g Jtntne (14.5 g, 0.12mol), ¥Kifi F
I ZBEHEF (140 mL, 1.47 mol), TF4 E i S M. 2 ho
TN EAL B 500 mL e, BUANLZE, &
IKTRIRAN T4, Y&, WEZZ 2T . Jo/K LWEFTH (300
mL X 2), T, 194 54 F-3(284.4 ¢), H 69.2%.
'H-NMR (400 MHz, CDCl3) d: 0.15 (s, 3H), 0.18
(s, 3H), 0.96 (s, 9H), 2.13 (s, 3H), 3.07 (s,
1H), 3.61 (s, 1H), 3.79 (dd, 1H, J=5.9. 7.4 Hz),
4.03 (d, 1H, J=7.5Hz), 4.48 (d, 1H, J=5.4 Hz),
4.86 (s, 1H), 5.53 (s, 1H).

224 WHEY 2-O-LBEHE-1,6-M7K-2-B % -2- i 5 -
4-F2IE-B-D-ML 2 (F) 108 SN bn

AN F-3 (284.4 g, 0.83 moD). VUK 1 L. VKL
(78 mL, 1.24 moD). YT AEgfbiZ (529.1 ¢, 2.03
mol), 30 ‘CJ/V 5he BEZEET, MAZFLE 500
mL. ZZIR7K 300 mL L, HCEHLUZE, TCKRIRE
T, vERd, REZEET, EERR@Itaitk, MO
Wk - BEER 06 (40 1) YERG, PR - BE R
SRR (101D Pel, B4eaW F (1729 g, YK
91.1%. 'H-NMR (400 MHz, CDCly) d: 2.14 (s,
3H), 3.50 (s, 1H), 3.64 (s, 1H), 3.84 (t, 1H),
413 (d, 1H, J=7.6 Hz), 4.61 (d, 1H, J=5.6 Hz),
487 (s, 1H), 545 (s, 1H).

2.3 O-(6-FE-2,3-0-=F &-4-O-5 Z Bt E-p-D-Ait
I B B HE R ES)-(1—4)-2-0O- Z BEE-1,6-BiK-2-B & -
2-fiE-p-D-MIEEEE (EF) &8

KNI I G E (238.0 g, 0.45 mol).
0.4 nm 7371 238.0 g+ Ag,C0O;3(223.1 g, 0.81 mol).
TAKZEREE 1T L, ZASRY MHEHE 30 min, T
MNEAYF (123.9 g, 0.54 mol), FiREEE MY 3 do
YELL, FERC AR Al S H A ThE - BER 2 0E(3
D e, FAHZ&H b - FHEE (100 1 1D M, 19
) BF fih . OKHERE 1.5 L AN, 38, +
B, 13LEY) EF (1914 g) FH/DRERFRE, K
A 62.8%. %A MEFE I S #E N 11.1%. HPLC
H— 543 & B 99.01% . o Tk
C31H34CIN;O15, ESI-MS m/z: 693217 2 [M+NH,] .
'H-NMR (400 MHz, CDCly) d: 2.13 (s, 3H), 3.26
(s, 1H), 3.67~3.71 (m, 4H), 3.75 (s, 3H), 3.80~
3.87 (m, 2H), 3.98 (d, 1H, J=14.0 Hz), 4.03
(d, 1H, J=7.6 Hz), 4.60 (d, 1H, J=5.2 Hz),
4.65(d, 1H, J=11.6 Hz), 4.70 (d, 1H, J=6.8 Hz),
481 (d, 1H, J=10.8 Hz), 4.87 (d, 1H, J=11.6
Hz), 5.03 (d, 1H, J=112Hz), 521 (dd, 1H,
J=10.0. 9.2Hz), 530 (s, 1H), 5.53 (s, 1H),
7.26~7.41 (m, 10H).

o4 Wyt Inertsil Cg-3 tAiFE (150 mm X
4.6 mm, 5pum); VsIAHAHEE - /K (70 130); f£
SR 1.0 mL/min; R4 30 C; AN
220 nm,

LR EGELET, WS EF (LRI
21.02 min, HFAARTIER ] 23.75 min, WK 3.
3 g

ARG L BT 0T REIA 540 1) 4 b [ AT T
BT, SRR TR TR, FE S



PR Ty Drugs & Clinic E30% el 20154E 6 A * 609 *
BB RAR, aifb TR AE. ik, % T EF i
A B 1 mnE L T2, HENL T HPLC 74T 7k, R
R EAT A P o
1 %3k
[1] Brwte, 3 &, i, % F— ARy 2y:
A2 Fondapar inux T 2580 [J]. H B 500 e % %
T T T IRERRREM T T 1 T T T TrrTTTTTTTT T T 1 ;5,2007,7(5):300'303.
0 10 20 30 40 0 10 20 30 40 2] % & BE Arixtra™ [J]. FEBZAE, 2003,
t /min

1-4L&Y EF  2-EF 54414
1-compound EF  2-isomer of EF

3 L&Y EF+SME (A) L5 EF (B) B HPLC
Fig. 3 HPLC of compound EF + isomer (A) and compound
EF (B)

Tk Witk 59 E-4 A5 LG4 E-S |
K TEMPO Y J5 il e i SRk A 77 Ja 2 it
s 6 s T G0 PP Tl PR Y, 3 T PR BRI R
SN, AEGRAESCR R A R, BRAK T A
A, $E T wA ;s AW E-6 SR E Y E i
AT, 398 FH 5 MR IR 32 A QR Sk i A,
AR SRR 1) N-RIAR T BRI (NIS), BRI T
BA s ) F-2 & &) F-3 L& 2R IR,
Xt b SRR > T B A &, 10.0 mol BEAR
F 1.3 mol, HAALT JGALBERIFE, KIS R
B, PRAE RN )22 A, AL RE RS IR B RIS AR
ZEKR

FURE B RO FABBCI 2 A2 s AR AT, AT
LN RE Y AN A S A S e AT K (Al N s

12(4): 301-302.

[3] Bauersachs R M. Fondaparinux: an update on new study
results [J]. Eur J Clin Invest, 2005, 35(1): 27-32.

[4] Zhou Y, Lin F, Chen J, Yu B. Toward synthesis of the
regular sequence of heparin: synthesis of two tetra-
saccharide precursors [J]. Carbohydr Res, 2006, 341(10):
1619-1629.

[5] van den Bos L J, Codée J D, van der Toorn J C, et al.
Thioglycuronides: synthesis and application in the
assembly of acidic oligosaccharides [J]. Org Lett, 2004,
6(13): 2165-2168.

[6] LiT, Ye H, Cao X, et al. Total synthesis of anticoagulant
pentasaccharide fondaparinux [J]. Chem Med Chem,
2014, 9(5): 1071-1080.

[7] Arungundram S, Al-Mafraji K, Asong J, et al. Modular
synthesis of heparan sulfate oligosaccharides for structure-
activity relationship studies [J]. J Am Chem Soc, 2009,
131(47): 17394-17405.

[8] Ganguli AR S, Coward J. a:f Selectivity in the synthesis
of 3-substituted, 4-methyl umbelliferone glycosides of
N-acetyl glucosamine and chitobiose [J]. Tetrahedron
Asymmetry, 2005, 16(2): 411-424.



